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The present study is part of a larger project at VINNOVA, which aims at improving the
understanding of strengths, weaknesses and policy challenges in the Swedish national innovation
system. This report is an abridged version of the main report from this project. The main report will be
published in September 2004.

In addition to its empirical ambitions, this study is part of a general methodological development
effort related to innovation system analysis. The purpose is to contribute to improved methodologies
used in innovation system analysis at VINNOVA. The ambition has also been to contribute to the
international development of methods for innovation system analysis. Therefore, the present study has
been part of a more general OECD effort, aimed at improving the methodologies of innovation system
analysis.

A deep understanding of the major strengths, weaknesses, threats and opportunities of the Swedish
national innovation system is necessary for adequate and efficient policy design at VINNOVA. In
addition to the need for knowledge about the general innovation system challenges facing Sweden,
sectoral and regional innovation policies require specific knowledge about the country’s challenges and
opportunities. Therefore, foresight and analysis of innovation systems at a national, sectoral and regional
level are integral parts of VINNOVA’s activities.

In 2004, VINNOVA will focus on sectoral and regional innovation systems in Sweden, in order to
identify potential or actual centres of excellence in research and innovation within different sectors and
regions.

Per Eriksson, Director General, VINNOVA, Swedish Agency for Innovation Systems
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The purpose of this study is to contribute to improved
understanding of factors determining the long-term
competitiveness of the Swedish economy. Innovation
and the rate of economic success of innovation are
the most important determinants of long-term
productivity,' which, in turn, determines long-term
value added and economic growth. Therefore, this
study aims at identifying, characterising and valuing
general and particular strengths and weaknesses in
connection to innovation and economic growth in
Sweden. In relation to this analysis, policy challenges
for future Swedish innovation, value added and
economic growth are discussed.

Knowledge-intensive industrial and economic
activities are particularly important for the future
competitiveness of national economies.? Therefore,
the analysis of the Swedish national innovation system
will primarily focus on strengths, weaknesses and
policy challenges in relation to knowledge-intensive
innovation and knowledge-based economic growth.

Innovation and innovation systems
Innovation is understood in the broadest sense, as
productive renewal in the form of:

New goods or services, new business models or markets,
new processes or organisation of production, new
competences or inpuz‘ sources.’

Many factors influence innovativeness and
transformations of innovations into value-adding
products, processes or other kinds of innovation.
Innovation and economic growth are the result of
numerous factors and micro-processes in different parts
of the economy. In order to understand and value the
role and importance of these factors and processes,
they need to be analysed in a coherent context and in
relation to each other.

The innovation system approach is a general
analytical framework for analysing the role, impact
and relationships of all factors that are important in
generating innovation and in transforming innovation

into economic value. In this study an innovation system
is defined as:

The network of organisations, individuals and
institutions which determine and shape the generation,
diffusion and use of technology and other knowledge,
which, in turn, explain the pattern, pace and rate of
innovation and the economic success of innovation.”

The present study aims at analysing the long-term
international competitiveness of the Swedish national
innovation system.

Comparative and long-term perspective
The competitiveness of different innovation systems
can only be analysed by comparing different innovation
systems. Therefore, this study bases the analysis of the
Swedish national innovation system’s competitiveness on
comparisons with other national innovation systems.
Different innovation systems differ in terms of
their capacity to generate innovations and in terms of
the ability to exploit them economically. Depending on
the characteristics of an individual innovation system,
different organisational and institutional set-ups may
lead to competitive innovation systems. Understanding
the strengths and weaknesses of different innovation
systems requires both a comparative analysis of key
functions within different innovation systems and a
deeper analysis of these functions within individual
innovation systems. This is the approach that has been
adopted in this study, where the analysis of key functions
in the Swedish national innovation system has been
based both on international comparisons and on an
analysis of particular Swedish patterns and dynamics.

Economic systems in general and innovation
systems in particular develop in an evolutionary manner.
The present competitiveness of innovation systems is
the result of organisational and institutional set-ups,
together with patterns of investments and outputs that
have developed over a long period of time. Changes
in the overall functions of the organisational and
institutional set-ups of innovation systems generally
develop slowly. Therefore, a long-term analytical
perspective is necessary. The period of analysis covered
by this study is 1970—2003. However, in certain areas,
data availability sets restrictions for the statistics used in
figures and tables.

Innovation system indicators

To analyse innovation system competitiveness, a number
of quantitative indicators are necessary, although

as analytical tools, these are not sufficient to fully
understand the dynamics and efficiency of innovation
systems. The present study is primarily based on
quantitative indicators of the key functions in national
innovation systems. Based on these indicators, Swedish
national innovation system performance is compared
with that of other countries. Qualitative information
on the Swedish national innovation system is used

to understand the roots and implications of different
indicators.

Individual indicators should only be seen as pieces
in any innovation system analysis. Conclusions based
on individual indicators are insufficient and may often
be misleading in understanding the dynamics and
competitiveness of innovation systems. Moreover,
virtually all innovation system indicators suffer from
more or less important qualitative limitations. Therefore,
it is necessary to be restrictive in interpreting the
competitiveness of innovation systems in the light of
individual indicators. Instead, a number of different
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indicators need to be analysed together in the same
context. Moreover, on the basis of national data only, it
is not possible to draw conclusions about the significance
of different factors. Accordingly, innovation indicators
not only need to be analysed together, but they also need
to be analysed by means of international comparisons.
This is the way in which innovation indicators are used
in this report.

4  THE SWEDISH NATIONAL INNOVATION SYSTEM 1970-2003

Outline of the study

This study comprises six parts. In the first part,
chapter 2 provides a concluding integrative analysis
of the Swedish national innovation system. This

is followed by a discussion regarding important
innovation policy challenges for Sweden in chapter 3.
In the second part of the study, chapters 4—6 analyse
Swedish innovation system competitiveness in terms
of international comparisons of economic growth, job

creation and innovation. In part three, chapters 7 and
8 analyse Swedish technology and science production
performance. In part four of the study, chapters g—11
analyse Swedish innovation activities and interaction
patterns. In part five, Swedish R&D and human
resources are analysed in chapters 12-13. In the sixth
and final part, chapters 14—16 analyse the financing and
incentive structures of the Swedish national innovation
system.
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The Swedish national innovation system has shown a relatively
weak long-term competitiveness in terms of innovation, economic
growth and job creation, despite large investments in the production,
diffusion and use of knowledge. In terms of economic growth, job
creation and value-adding innovation, Sweden was on average and
for most of the period 1970—2003 far from the top in the OECD
rankings.

The reasons for this relatively poor development of Swedish
competitiveness are several. One 1s a gradual loss of efficiency in
a previously efficient Swedish paradigm that strongly stimulated
development and growth in large R&D-intensive multinational
groups. While these industrial groups still have a large volume of
R&D activities in Sweden, their value generation in Sweden has
gradually been decreasing.

Another important reason is the relative lack of strong incentive
and support structures for radical renewal and growth through
knowledge-intensive start-ups and SMEs. Further, focus on service
sector innovation and value added in both the private sector and
public sector has been relatively weak. In the private sector, such
innovation is closely linked to the degree of innovation in SMEs.

Another reason for this development is the relatively strong focus
on curiosity-driven basic research in the Swedish research system,
which has worked rather well for large R&D-intensive multinationals,
but not as well for other innovation and value-adding production, in
either the private sector or the public sector.

Finally, a number of problematic features have developed in the
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Swedish labour force and labour market, and their related incentive
structures. These have undermined the effective labour supply,
producing a rise in unemployment and health-related work absence
and thus removing an increasing proportion of the population from
the labour force.

The Swedish national innovation system has great potential
compared to most other OECD countries. Firstly, Sweden’s
macroeconomic situation and public finances are strong by
international standards, which provides a good basis for sound
incentive structures, as well as for investments in resources and
structures stimulating innovation and economic growth. Secondly,
Sweden is an attractive market for qualified R&D investments and
can boast substantial R&D resources in a number of large knowledge-
intensive companies, as well as a highly-developed and scientifically
capable university system.

Further, Sweden has a highly competent population, which is
recognised for being relatively open to new technology. Finally,
Sweden has a qualified public sector in great need of productivity and
quality-improving solutions, which could generate a potentially strong
leveraging demand for both radical and incremental innovation and

production in both new and existing firms in Sweden.



Innovation system competitiveness

The long-term competitiveness of the Swedish national
innovation system was relatively weak during the
period 1970—2003. The legacy of high manufacturing
labour productivity noted during 1970—2003, combined
with a rapidly decreasing manufacturing sector, was
not efficiently transformed into new high value-
adding services and new jobs. Despite increasing
productivity levels and considerable growth in certain
high-technology manufacturing industries, the relative
contribution of manufacturing value added to Swedish
GDP and growth decreased considerably during 1970-
2003.

Both private and public sector services in Sweden
have performed relatively poorly in terms of value-
adding innovation and job creation. Moreover, the
Swedish labour market has in the past decade shown
clear tendencies of a decline in sustainability, with a rise
in unemployment and health-related work absence and
an increasing dependency ratio,” due to demographic
reasons. In terms of relatively radical renewal, through
start-ups and high growth in such firms, the Swedish
national innovation system has been considerably less
competitive than in terms of large industrial groups with
advanced technology. Low rates of R&D-based start-
ups have been generated, particularly from university
research environments.

Technology and science performance

Technology and science performance in the Swedish
national innovation system was at the very top of

the OECD rankings during 1970—2003, in terms of
international patenting and scientific publication.
Moreover, Swedish technology and science production
continuously improved in an international comparison.
However, a number of important challenges remain for
Sweden.

To begin with, R&D-intensive manufacturing
groups with a substantial R&D base in Sweden
dominate Swedish international patenting and it is
thus primarily the technological strengths of these
industrial groups that are measured when Swedish
international patenting is compared with that of
other countries. Small and medium-sized enterprises
and individual entrepreneurs represent a very small
share of total Swedish international patenting. The
technological dominance of large and increasingly
foreign-owned industrial groups that are less inclined
to invest in production in Sweden may become a threat
to future Swedish technological renewal and innovation
performance.

Also, while Swedish international science
production has increased rapidly in recent decades, the
quality measured in terms of the Swedish international
ranking in terms of citation-rate per scientific article
has decreased within all broad science fields. This
development may be a threat to the future science and
knowledge base of the Swedish national innovation
system.

Innovation activities and interactions

In relation to the size of its population, Sweden invests
more resources than any other country in the OECD
on R&D and other activities related to the production,
diffusion and use of knowledge. Most resources are
invested by the business sector. Swedish industry has
increased its investments rapidly in the last 15 years and
is, in relation to the size of the country, a world leader in
both manufacturing and services.

Swedish business sector R&D investments are
dominated by large multinational manufacturing groups
with high R&D intensity in Sweden. The strong
position of these large multinational industrial groups
and the high R&D intensities in Sweden have been

strongly stimulated by long-term public-private user-
producer relationships, based on technology-intensive
public procurement by public monopolies or semi-
monopolies. The relatively high stability and technically
demanding content of these relationships have promoted
a high level of long-term investments in business R&D
in Sweden.

Sweden’s public innovation system investments
are also among the highest in the OECD. However,
in recent years, stagnating investment trends have
weakened the Swedish position in this respect.
Swedish public R&D investments are by international
comparison highly focused on curiosity-driven basic
research in universities, while investments in mission-
oriented research are by international standards low. The
proportion of such investments has moreover declined
in Sweden over the last two decades. By international
standards, Sweden has a relatively low share of university
research that is financed by the industry and this share
has decreased further in recent years. At the same
time, business sector R&D is increasingly focused on
development activities closer to the market, while the
share of more long-term research activities is decreasing.

Thus, the interactions between the scientifically
strong Swedish university system and the technologically
leading industrial groups may be weakening. This
interaction pattern is a threat to future Swedish
technological leadership and innovation performance.

R&D structures and human resources
R&D resources in the Swedish national innovation
system have been highly concentrated to a small number
of large multinational groups on the one hand and
large established universities on the other. This has
split the Swedish R&D system into two distinct R&D
performing sectors.

The general level of people who have completed
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some form of higher education has not been high
compared to most other OECD countries. In the

1990s and early 2000s, the Swedish position improved
considerably in this respect. In Sweden, people with

a higher education, particularly at research level, have
to a large extent been concentrated to knowledge-
intensive services, high-technology manufacturing
groups, universities and R&D institutes. Within the
business sector, knowledge-intensive business services
have rapidly increased the employment of people with
a higher education and now employ considerably more
natural scientists and engineers than the manufacturing
industry. Moreover, the most qualified human resources
within the manufacturing industry have to an increasing
extent become more concentrated to large industrial
groups.

Manufacturing SMEs belonging to large industrial
groups generally have a considerably higher proportion
of staff with a higher education background than
independent SMEs. This concentration tendency is not
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as strong in the business sector for service SMEs as in
the manufacturing industry.

The general mobility rate in Sweden is not
particularly high by international standards, especially
in higher age cohorts. While the mobility of people
with a higher education has been high from university
education to industry, the mobility of people with
a similar background from the business sector to
universities or other parts of the public sector has been
very low.

Financing and incentive structures

The financing and incentive structures of the Swedish
national innovation system have primarily been geared
towards stimulating productivity improvements and
growth in large manufacturing groups. The knowledge-
intensive Swedish manufacturing industry has been

spurred to continuously rationalise production processes.

General tax structures, labour market structures, public
attitudes and public-private partnerships have all been

rather stimulating to large-firm capital accumulation and
growth in Sweden.

The general incentives for starting firms and
generating SME growth in Sweden have been much
weaker. Moreover, the pre-seed and the earliest seed-
stages financing of R&D-based start-ups have remained
low and even decreased in Sweden in recent years. In
addition, the Swedish support structure for stimulating
commercialisation of R&D through start-ups and
growth of such firms is fragmented, nationally and
regionally.

The general incentive structures in the publicly
funded and highly university-based Swedish research
system do not provide strong incentives for knowledge
interaction and learning between university researchers
and businesses or public sector services. Even the
incentives for interaction between different university
departments, within or between different universities, are
not particularly strong.



The analysis in the present study has identified
considerable potential and strengths in the Swedish
national innovation system. However, a general
innovation system challenge in Sweden is to improve
the impact of these internationally favourable conditions
on long-term innovation, economic and job creation
competitiveness of the Swedish economy.

Therefore, this study raises a number of important
innovation policy challenges for Sweden. These
challenges need to be addressed in a national innovation
policy strategy for Sweden. Such a strategy would
not only need to address the right issues, it also needs
to design and establish an implementation strategy
that covers and generates synergies between different
administrative policy areas and bodies at both national
and regional levels. The major innovation policy
challenges could be grouped in five categories, which,
however, are all interrelated and should therefore be
addressed within the same general innovation policy
framework:

e Start-up, innovation and growth in knowledge-intensive SMEs
e Improved supply, use and mobility of human resources

¢ New regime for user-producer public-private partnerships

¢ Increased volume and impact of mission-oriented research

e Centres of excellence for research and innovation

Start-up, innovation and growth in knowledge-
intensive SMEs
One important challenge to Swedish innovation policy
is how to improve incentives and support structures
that would generate increased value added through the
establishment of R&D-based SMEs. Industrial renewal
through start-ups and growth in small, innovation-
based firms has been a weakness of the Swedish national
innovation system.

The weakening Swedish basis of the large industrial

groups in Sweden, together with the limits to public
sector expansion, have made it important to increase the
rate of knowledge-intensive start-ups and high-growth,
innovative SMEs in Sweden. Moreover, since small firms
generally show higher rates of radical innovativeness
than larger ones, the rates and growth of knowledge-
intensive SMEs should be critical to Swedish innovation
system renewal.

Improved supply, use and mobility of human
resources

Another important challenge to Swedish innovation
policy is how to secure a large enough future supply

of highly qualified people to the Swedish labour force,
together with improved use and mobility of existing
human resources. In the recent decade, increasing labour
market problems related to demography, job creation and
use of the labour force have made labour market issues
one of the most important challenges for improved
innovation and economic growth in Sweden.

Human resources are the most important resources
in innovation and production. Therefore, an effective
supply and use of qualified human resources is essential
to the long-term competitiveness of innovation systems.
Inefficiency of national innovation systems in relation to
human resources could hardly be compensated for in a
long-term perspective by other innovation and growth
policy measures.

New regime for user-producer public-private
partnerships

A third important challenge for Swedish innovation
policy is to find new routes to replace the old national
innovation system regime, which in terms of technolo-
gical and scientific performance has been quite efficient.
Replacement is, however, inevitable and necessary, since
the foundations of the old regime have been irreversibly

outdated, due to international developments and the
considerable deregulations of sectors that have
historically formed an important basis of that regime.

A new public-private partnership regime should
be based on the need for improved innovation in the
Swedish public service sector which, by international
standards, is large. The relative size of this sector in
Sweden makes public sector innovation critical for
Swedish economic competitiveness. At the same time,
the size and high quality standards of this sector make
it a potentially strong vehicle for generating effective
leveraging demand for both radical and incremental
innovation and production in both new and existing
businesses in Sweden.

Increased volume and impact of mission-oriented
research

A fourth important challenge for Swedish innovation
policy is how to increase the volume and impact of
the Swedish research system on innovation in both
the business sector and the public sector. The Swedish
research system has by international standards focused
relatively little on mission-oriented research, which
could be a threat to future developments as regards
the location of and efficiency in industrial innovation
activities in Sweden. Sweden also needs to improve the
impact of the Swedish research system on innovation-
based start-ups, innovation in existing SMEs and
innovation in public organisations.

The Swedish research system, which has been
highly based on curiosity-driven university research, has
been efficient in supporting innovation in large R&D-
intensive industrial groups, primarily through flows of
people with a higher education. However, it has been
relatively inefficient in supporting start-up innovation,
innovation in SMEs and public sector innovation. At
the same time, innovation and growth in these latter
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three categories have increased in importance for
future Swedish economic growth and welfare, while
the large industrial groups have gradually been losing
the connections to Sweden as their home base for
production.

Centres of excellence for research and innovation
A fifth important challenge for Swedish innovation
policy is how to improve the interaction efficiency

in R&D and innovation within the Swedish

national innovation system. The challenge is how to
generate research and innovation environments that
simultaneously continue to attract investments by

10 THE SWEDISH NATIONAL INNOVATION SYSTEM 1970-2003

technologically leading firms and improve the rate of
innovation-based start-ups and growth in SMEs and
large firms in Sweden. Start-ups and SME growth are
weaknesses of the Swedish national innovation system
and the globalisation trends have increased the risk that
technologically leading firms will focus future R&D
investments on countries other than Sweden.

Centres of excellence for research and innovation
are environments with a simultaneous international
competitiveness in science, technology, innovation and
knowledge-intensive production. They are characterised
by high efficiency in Triple Helix interactions. Such
environments are delimited in terms of sector and

technology focus, as well as in terms of geography,
because of the need for critical mass in terms of
competence and because of the need for geographical
proximity for efficient interactive learning in innovation
processes. In addition, their competitiveness is highly
based on the intensity and quality of their co-operation
and interactions with leading international and
national centres of excellence that could improve their
performance. Therefore, internationally connected
centres of excellence and national networks of centres
of excellence within different sectors should be an
important focus for national and regional innovation
policy strategies.
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The long-term Swedish economic competitiveness
weakened considerably during the period 1970~
2003, particularly in the early 199os. The Swedish
national innovation system is characterised by a
shrinking, but still comparatively large, knowledge-
intensive and export-oriented manufacturing sector,
an increasing, but comparatively small, business
service sector and, by international standards,

a large public service sector. A relatively high
manufacturing labour productivity rate has not been
able to offset a declining overall share of value added
from manufacturing. This was a consequence of a
general trend towards increasing service shares in
modern economies and of increasing relocations of
manufacturing production value from Sweden to
newly industrialising countries, closer to large markets
and with a much cheaper, qualified labour force. In
relation to many other countries, Sweden has shown
relatively low average productivity levels in both
business sector services and public sector services.
Important structural changes have generated rapidly
increasing manufacturing and service knowledge
intensities, together with increasing foreign ownership
of knowledge-intensive manufacturing and service
firms.

Long-term economic development

Swedish long-term economic performance has been
rather weak in international comparison. During the
period 1970-1990, GDP growth was somewhat slower
in Sweden than in other EU and OECD countries. In
the 1990s, GDP growth slowed down considerably in
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most OECD countries, and Swedish growth was among
the slowest in the OECD. Economic growth in Sweden
improved in the second half of the 1990s, when it was
faster than that of most other EU countries, albeit far
lower than that of the most rapidly growing countries.
In the early 2000s, Swedish economic growth has
continued to be faster than the largest EU countries, but
somewhat slower than several other EU and OECD
countries, figure 4.1.

As a consequence of the slow Swedish long-term
economic growth, Sweden fell in the OECD’s rankings
tfor GDP per capita from fourth place to fifteenth
1970—2003. Swedish national economic performance
deteriorated substantially in the early 1990s, when
Sweden fell considerably in international GDP
comparisons. In the second half of the 1990s, when
Swedish economic growth improved, Swedish GDP per
capita improved somewhat in international comparison.
In the early 2000s, Swedish GDP per capita resulted in
the country’s position fluctuating between thirteenth and
seventeenth in the OECD’s list. The main reason for
these large changes in GDP rankings is that the distance
between positions 12 and 19 is very small in terms of
GDP per capita. Therefore, even relatively small annual
changes may change positions considerably. On the
other hand, the distance from the Swedish real GDP per
capita to the top of the OECD has become significant.

The long-term deterioration of Swedish economic
performance, culminating in the severe economic crisis
in the early 1990s, was the result of gradually increasing
structural problems in the Swedish economy. The rapid
economic improvements in the late 199os were primarily
the result of a considerably improved macroeconomic
situation, achieved by a drastic consolidation of public
finances. It was also a result of rapidly increasing exports,
as a result of the sharp currency depreciation in 1992.6

The major route to improved productivity gains in

the late 1990s was substantial rationalisation in both the
private and public sectors. Decreasing labour-intensity
resulted in considerable improvements in overall labour
productivity.” The downside of these productivity

gains was rapidly increasing unemployment levels and
increasing pressure on the active work force, which is
likely to have contributed to the increasing tendencies
towards health-related work absence in the late 1990s
and early 2000s.

It should also be noted that annual average hours
worked continuously have been falling in Sweden.
Compared to 1960, average hours worked in Sweden are
15 per cent lower. As a consequence, Swedish employees
on average work fewer hours than employees in most
other OECD countries. One explanation for this is
higher shares of part-time work within the work force
than in other countries.® This could be one of the factors
behind the relatively slower long-term economic growth
in Sweden compared to several other OECD countries.

Swedish economic structure

The Swedish economy is dominated by large organ-
isations, both in manufacturing and services. A small
number of large multinational industrial groups
dominate manufacturing employment, production and
value added. By international standards, the public sector
occupies a large share of the service sector. The public
sector is also dominated by large organisations.

Since World War 11, the Swedish national
innovation system has been dominated by a regime based
on advanced manufacturing technology led by a small
number of multinational industrial groups. The Swedish
manufacturing structure of R&D-intensive and export-
oriented industrial groups has also been instrumental
in generating what by international standards is a quite
advanced Swedish structure of subcontracting SMEs. In
this industrial system there has been a general division



of labour between the large industrial groups and the
subcontracting SMEs. The former have generally
been responsible for export markets, technological
development and systems integration, while the latter
have generally been responsible for the production of
components and subsystems.’

Swedish manufacturing production is relatively
large and knowledge-intensive in international
comparison. The high-technology manufacturing
industry in Sweden has for many years ensured Sweden’s
place among the top five countries in the OECD in
terms of the volume of high-technology and medium
high-technology manufacturing production in relation
to the size of the economy. It should also be noted that
Swedish high-technology manufacturing is broad in
international comparison. Swedish high-technology
manufacturing is quite large in all high-technology
segments, particularly in telecommunications and
pharmaceuticals. Swedish medium high-technology
manufacturing industry is also large in international
comparison. Further, Swedish medium-low and low-
technology manufacturing industries are relatively
knowledge-intensive compared to other OECD
countries, which further underlines the comparatively
high knowledge-intensity of Swedish manufacturing
industry, figures 4.2 and 4.3.

Swedish knowledge-intensive services are,
despite rapid growth in recent decades, rather small
in international comparison. Production-related,
knowledge-intensive services are particularly small in
international comparison, despite a quite rapid growth.
Moreover, the Swedish economy has in recent decades
been more geared towards generating qualified financial
services and activities related to the financial economy
than to services related to the production and use of
goods. This may be related to the particular incentive
structures generated by the unstable macroeconomic

situation in the 1980s and 199os, which perhaps
tavoured financially-related entrepreneurship more than
production-related entrepreneurship. This balance of
entrepreneurial activities is probably not sustainable and
should thus be a challenge to future value adding and
long-term economic growth in Sweden, figure 4.4.

International trade

International trade is very important to the Swedish
economy. This has been the case for many years, though
it has increased considerably in importance during

the last thirty years. In 1975, total Swedish exports
accounted for about 27 per cent of GDP, while in 2002
the corresponding figure was around 43 per cent. The
Swedish economy and national innovation system is thus
highly internationally dependent. Increasing Swedish
exports and trade surplus was also a vital element of the
Swedish economic recovery in 1993—2002.

In terms of export volume, the most important
Swedish industries are non-electrical machinery, motor
vehicles, pulp and paper, telecommunications and iron
and steel. Of these, the pulp and paper industry is clearly
the most significant in terms of trade surplus, followed
by the non-electrical machinery, motor vehicles and
telecommunications industries. The pharmaceutical and
wood industries are also, together with the iron and steel
industry important in this respect. In terms of trade
balance, i.e. export-import ratio, the pulp and paper
industry, together with the wood and pharmaceutical
industries, are particularly important, figure 4.5.

Taking a long-term perspective on Swedish
international trade, the emergence and growth
of the pharmaceutical industry during the 1980s
and 1990s represents a striking change in Swedish
trade specialisation. Even more impressive was the
development of telecommunication exports in the 199os,
when telecommunications trade expanded very rapidly.

Today, both these industries play important roles in
Swedish exports and industry.

A comparison of trade balances with high-
technology products shows that Japan has the most
positive high-technology trade balance, followed by
Ireland, Finland, France and Sweden. A closer look
reveals that the high-technology trade balance is clearly
better than the total trade balance in Japan, France, the
UK, Ireland and the USA. In Sweden and Finland, as
well as in most other countries, the high-technology
trade balance is considerably less impressive than the
total trade balance. The main explanation in the case
of Sweden and Finland is the comparatively large raw-
material based industries in these countries, which
represent a large proportion of total exports.

Manufacturing dynamics and value added

One part of the explanation for the relatively poor
Swedish economic competitiveness during 1970—2003
concerns the development of the multinational
knowledge-intensive industrial groups that dominate
Swedish manufacturing industry. Despite increasing
R&D investments and productivity growth in Sweden
in these groups, their share of total Swedish GDP

has continuously decreased. This development is a
consequence of two general trends. Firstly, there has
been a general trend in modern economies of declining
manufacturing shares and increasing service shares of
total value added. Second, there has been a trend towards
increasing production focus on newly industrialising
countries, and even relocating manufacturing production
from Sweden, to these countries.

Many of the large industrial groups are now
toreign-owned. And, the price of labour for producing
high-technology products in many newly industrialising
countries is much lower than in Sweden and in other
industrialised countries. Moreover, the capacity and
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competence for such production have improved
considerably in many of the newly industrialising
countries in Asia and Eastern Europe. As a consequence,
there is a strong and rising global tendency to outsource
high-technology production to these countries, while
most of the product development activities and company
headquarters remain in Europe or North America.

The large multinational industrial groups, with a

strong competence and production base in Sweden,

have expanded their production abroad, while slowly
beginning to decrease it in Sweden, figure 4.6.

4.1 Index of real GDP per capita 1970-2001 (PPP USD)

Index (1970=100)

Service sector value added
Another explanation for the relatively poor Swedish
economic competitiveness during 1970—2003 concerns
the comparatively weak development of service sector
value added. In terms of services and service sector
development, the performance of the Swedish economy
is apparently considerably poorer than for manufacturing
development and production, figure 4.7.

An important aspect of this, by international
standards, rather low level of service value added and
productivity is the poor development of value added in

business sector services. This concerns both knowledge-
intensive services and other services in Sweden, with
the exception of transportation and storage. Another
aspect of the relatively poor service sector development
concerns the relatively low productivity rates in the
public sector, which is bigger than in most countries.
These factors have contributed to a reduction in
Sweden’s national productivity and value added in
services. It should be noted though that public sector
productivity rates are difficult to calculate properly,
which makes all international comparisons of public
sector productivity rates problematic,' figure 4.8.

4.2 Relative weight of high- and medium high-technology manufacturing employment in

different countries 2001
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4.3 Real percentage growth in manufacturing value added 1971-2001

Average annual percentage growth
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4.5 Swedish manufacturing trade in different industries 2001
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4.4 Relative weight of knowledge-intensive service employment in different countries 2001
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4.6 Number of employees in Sweden and abroad in the 20 largest Swedish industrial
groups 2001
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4.7 Real percentage growth in business sector services value added 1971-2001 4.8 Real percentage growth in community and social service value added 1971-2001
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The Swedish national innovation system has in recent
decades generated new jobs at a slower rate than in
most other OECD countries. Particularly in the
1990s, net job creation was relatively slow in Sweden,
since the main route to increased labour productivity
was through high rates of rationalisation in the private
and public sector. In parallel, Swedish unemployment
rates increased to unprecedented levels, from a long
period with one of the lowest levels in the OECD. In
recent years, the Swedish unemployment rate has
been somewhat lower than the OECD average. A
particularly important problem is the labour market
participation rates among immigrants in Sweden,
which by international standards are low. Moreover,
the Swedish labour supply has declined further due to
a rapid increase in health-related absence from work.
In addition, the demographic development has been
comparatively negative for Sweden, where the
Swedish labour force has decreased more than in most
countries. The overall result has been a considerable
deterioration of Swedish human resources sustain-
ability in the past decade. Moreover, future demo-
graphic prospects for Sweden indicate substantial
labour force challenges, particularly if immigration
rates and labour market participation rates cannot be

increased.

Net job creation

In the earlier part of the period 1970—2003, Sweden
was leading among OECD countries in terms of the
share of total population in employment. However, the
Swedish situation worsened considerably in the latter

half of the period.

Most OECD countries increased their labour
market participation in the 1980s. An important source
for this was increasing participation rates among women,
which, by international standards, had traditionally
been high in Sweden. Therefore, despite increasing net
job creation in Sweden in the 1980s, Sweden fell from
first to third place between 1981 and 1991 in terms of
employment as a percentage of total population. During
the period 1991—2001, most OECD countries increased
their employment rates, while the proportion of the
total population employed decreased in Sweden.! As
a consequence, Sweden fell from third place to tenth
place in 1991—2001 in terms of the proportion of total
population employed, figure s5.1.

Sweden is still among the five leading countries in
the OECD in terms of the proportion of women in the
labour force in employment. In terms of the proportion
of men in employment, Sweden’s performance is
somewhat less satisfactory in international comparison.
More importantly however, Sweden has, despite
increasing employment rates among immigrants,
become the least efficient country in the OECD in
terms of employment of immigrants, particularly male
immigrants.'? It should be noted that this is a relatively
new trend in Sweden, related to the increased rates
of political refugees among immigrants to Sweden.
The labour market-related immigration to Sweden
in the 1960s and 1970s resulted in high labour market
participation rates among immigrants, figure §.2.

Sectoral employment patterns

In all OECD economies, services clearly dominate
over manufacturing in terms of sector contributions

to economic growth. The trend towards increasing
services shares in modern economies has been going on
for a long time. Particularly professional and financial

services, together with personal services have rapidly
increased in importance in recent decades. An important
explanation for this is a continuously increasing division
of labour between different organisations in economic
systems. Another important explanation is the increasing
consumer demand for different kinds of services and, as
a result of this, increasing shares of personal income that
are allocated to this kind of consumption.

In Sweden, manufacturing employment declined
continuously and substantially during 1970—2003.
Construction and agricultural employment has
tollowed a similar trend. Until 1985, a rapid increase
in public service employment outpaced the decreasing
manufacturing employment. Moreover, increase in
knowledge-intensive services, combined with a relatively
stable employment in other services, resulted in a net
increase in private sector services until the middle of
the 1980s. Private sector services continued to increase
after 1985, due to rapidly increasing employment in
knowledge-intensive services, while the employment
level for the rest of the private service sector remained
stagnant. Public sector employment expansion came
to a halt after 1985 and has since then been stagnant
and started to decrease in recent years. The net effect
for Sweden has been a declining proportion of its total
population in employment.

A trend analysis of net job creation in different
industries in Sweden during 1970—2003 shows that —
apart from public sector services — knowledge-intensive
services and high-technology manufacturing industries
are the only ones that have given a net contribution
to employment in Sweden. Less knowledge-intensive
services and manufacturing industries have together
with the construction industry and the agriculture sector
provided a net loss of employment in Sweden. It should,
however, be noted that low, medium and medium high-
technology industries within the Swedish manufacturing
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sector, such as the Swedish iron and steel, non-electrical
and motor vehicles industries, are still the most
important manufacturing industries in employment
terms. Likewise, in terms of employment, public sector
services and less knowledge-intensive services still
dominate the Swedish service sector, figures 5.3 and 5.4.

Unemployment rates and health-related work
absence

The severe economic crisis in the early 1990s, followed
by broad rationalisation processes in the Swedish
economy and increasing labour productivity, in both the
public and private sectors, generated rapidly increasing
unemployment rates in Sweden.

From a situation with the lowest unemployment
rates in the OECD in the 1980s, Swedish unemployment
rates increased to unprecedented levels. This resulted
in unemployment rates in Sweden that for most parts
of the 199os were relatively high in international
comparison. In the early 2000s, the Swedish situation
has improved, although the Swedish unemployment rate
is still far from being among the lowest in the OECD,
figure 5.5.

Even more unexpected for most labour market
analysts, researchers and policy makers was the very
rapid increase in health-related work absence. From
a situation with an apparent trend of continuously
improving labour market conditions, health-related
work absence, i.e. ill-health, increased between 1995
and 2001 by 115 per cent. The rapidly decreasing rate of
slack in different organisations in the Swedish economy
probably contributed strongly to these rapidly increasing
rates of health-related absence from work. However, the
incentive structures in the social security system may
also have contributed to this strong trend of increasing
health-related work absence, figure 5.6.

Together, these two trends are threatening to
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undermine the long-term labour supply in Sweden.
Moreover, they can seriously threaten the sustainability
of human resources in the Swedish national innovation
system, due to decreasing rates of learning and com-
petence development in the labour force. Further, they
may generate increasing problems with social cohesion
in the Swedish society.

Labour force share of total population
One result of these developments has been rapidly
increasing levels of withdrawals of human resources
from the active labour market, which seriously threatens
future growth potential and public budgets. In addition,
the decline of the labour force share of total population
in Sweden has, by international standards, been high in
recent decades, figure 5.7.

The future prospects of the Swedish labour force

indicate great challenges for Swedish labour market
policy. In the coming thirty years, the working-age
population in Sweden will increase in absolute numbers,
if projected immigrant levels prevail. Otherwise, the
total labour force will decrease substantially. Despite a
growing labour force, the old-age dependency ratio, i.e.
the ratio between the number of people aged 65 years or
more in relation to the number of people in the labour
force, will start to increase quite rapidly after 2005."
The expected rapid rise in the dependency ratio
in Sweden will be an important challenge for sustained
economic growth. Moreover, if immigrants continue to
have a lower labour force participation rate than native-
born Swedes, long-term economic growth may be even
more hampered because of the relatively high future
dependency on immigrating labour force for Swedish
economic development.™

5.1 Employment in relation to population 1981-2001
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5.2 Employment for men and women in relation to population 2002

5.4 Net creation of new jobs in Sweden 1970-2002

Employment change in absolute numbers (thousands) and in per cent
1971-1981 1981-1991 1991-2000
Employment | Percentage | Employment | Percentage | Employment Percentage
EMen @ Women Industry change change change change change change
Grand total 337.4 8.6 241.3 5.7 -242.3 -5.7
Agriculture, hunting, forestry and fishing -76.5 -28.4 -51 -26.5 -26.2 -22.7
Mining and quarrying -2.1 -11.7 5.7 -36.1 -1.9 -23.2
Total manufacturing -76.6 -75 -108.7 -11.5 -84.3 -11.2
Food products, beverages and tobacco -5.3 -6.3 -4.2 -5.3 -11.9 -18.8
Textiles, textile products, leather and footwear -34.4 -46.7 -17.3 -44.0 -8.2 -59.4
Wood and products of wood and cork -8.9 -15.0 -5.1 -10.1 -8.2 -22.1
Pulp, paper, paper products, printing and publishing 0.0 0.0 -13.3 -10.0 -25.3 -27.0
Chemical, rubber, plastics and fuel products 1.6 2.2 -9.3 -12.4 0.3 0.5
— Coke, refined petroleum products and nuclear fuel - - -0.4 -12.1 -0.1 -3.6
Other non-metallic mineral products -11.8 -29.0 -2.6 -9.0 -8.6 -48.6
Basic metals, metal products, machinery and equipment -12.1 -2.5 -55.3 -11.7 -15.1 -3.7
Basic metals and fabricated metal products -14.9 -8.6 -36.6 -23.2 -11.4 -10.4
— Basic metals - - -24.3 -36.5 -10.7 -33.9
— Machinery and equipment, N.E.C. - - 0.5 0.5 -12.0 -12.2
— Electrical and optical equipment - - -17.5 -16.4 9.3 9.5
E § % § E é X g § B g § ] E g 2 g CS” Transport equipment 6.4 6.8 1.6 -1.6 -1.1 1.1
£ 2 & 5 & 8 s & 3 &2 <= 5 ° &3 Manufacturing, N.E.C. -5.7 -8.2 -1.7 27 7.3 -13.3
H § g Electricity, gas and water supply 4.3 13.6 0.3 0.8 -3.7 -11.3
Source: OECD Employment Outlook, 2003 Construction -45.9 -14.0 4.5 1.6 -68.9 -31.6
Wholesale and retail trade; repairs - - 214 4.0 -6.7 -1.2
Hotels and restaurants - - 30.1 37.4 5.8 5.0
Transport and storage - - 21.8 12.3 -1.4 -0.7
Post and telecommunications - - 27 2.6 -19.7 -23.1
. . Finance, insurance and real estate 34.4 15.0 168.6 63.7 87.2 16.8
5.3 The production structure in Sweden as sector shares of employment 1970-2000 Real estate, renting and business activities - ) 1473 763 88.0 205
Community social and personal services 475.5 4.7 157.3 9.7 -122.6 -7.4
Per cent of total employment Total services 534.0 23.8 402.1 14.5 -57.4 -1.8
Business sector services 58.5 5.3 244.8 21.0 65.2 4.4
Source: OECD STAN, 2003
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5.5 Unemployment rate among the active share of the population 1993-2002, per cent

1993 1996 1999 2002
Japan 2.5 | Luxembourg 2.9 | Luxembourg 2.4 | Netherlands 2.7
Luxembourg 2.6 | Japan 3.4 | Netherlands 3.2 | Luxembourg 2.8
Austria 4.0 | Austria 4.4 | Norway 3.2 | Norway 3.9
Portugal 5.6 | Norway 4.8 | Austria 3.9 | Austria 4.3
Norway 6.0 | USA 5.4 | USA 4.2 | Ireland 4.4
Netherlands 6.2 | Netherlands 6.0 | Portugal 4.5 | Denmark 4.5
USA 6.8 | Denmark 6.3 | Japan 4.7 | Sweden 4.9
Germany 7.7 | Portugal 7.3 | Denmark 4.8 | Portugal 5.1
Belgium 8.6 | UK 8.0 [ Ireland 5.6 | UK 5.1
Greece 8.6 | Germany 8.7 | UK 5.9 | Japan 5.4
Sweden 9.1 | Belgium 9.5 | Sweden 6.7 | USA 5.8
Denmark 9.6 | Sweden 9.6 | Germany 8.4 | Belgium 7.3
UK 10.0 | Greece 9.6 | Belgium 8.6 | Germany 8.6
Italy 10.1 | ltaly 11.5 | Finland 10.2 | France 8.7
France 11.3 | Ireland 11.7 | France 10.7 | ltaly 9.0
Ireland 15.6 | France 11.9 | ltaly 11.3 | Finland 9.1
Finland 16.3 | Finland 14.6 | Greece 11.8 | Greece 9.9
Spain 18.6 | Spain 18.1 | Spain 12.8 | Spain 11.3

Source: Eurostat, 2003

5.6 Number of sick-listed for at least 30 days (in 100s) 1974-2001, per cent
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5.7 Labour force in relation to population 1981-2001, per cent

1981 1991 2001
1[Sweden 52 Switzerland 58 Luxembourg 64
2|Finland 52 Denmark 57 Iceland 57
3|Denmark 52 Iceland 54 Switzerland 56
4|Switzerland 50 Sweden 53 Denmark 53
5/Canada 50 Japan 52 Japan 53
6|Japan 49 Canada 51 Canada 52
7|lceland 48 Finland 51 Norway 52
8|USA 48 Luxembourg 51 Netherlands 51
9|Norway 48 USA 51 Finland 51
10[{UK 47 Norway 50 Portugal 50
11|Germany 46 UK 50 Australia 50
12| Australia 46 Germany 49 Czech Republic 50
13| Total OECD 45 Portugal 49 USA 50
14|Portugal 44 Czech Republic 49 New Zealand 50
15| Luxembourg 44 Australia 49 Sweden 50
16|France 43 Slovak Republic 48 UK 50
17[Austria 42 New Zealand 47 Slovak Republic 49
18[New Zealand 42 Total OECD 47 Germany 49
19|Belgium 42 Netherlands 47 Austria 48
20| Italy 40 Austria 46 Total OECD 47
21|Netherlands 40 Korea 44 Korea 47
22| Turkey 39 Italy 43 Ireland 46
23|Korea 38 France 43 Spain 44
24|Greece 38 Belgium 42 France 44
25|Ireland 37 Spain 40 Belgium 43
26| Spain 36 Ireland 38 Italy 41
27 Greece 38 Hungary 40
28 Turkey 37 Greece 40
29 Israel 36 Mexico 39
30 Mexico 36 Israel 39
31 Turkey 33

Source: Eurostat, 2003




The competitiveness of the Swedish national
innovation system in terms of value-adding
innovation has not been high by international
standards. Value-adding radical or genuine inno-
vation seems to be a particular weakness of the
Swedish national innovation system. However, in
terms of adopting existing technology in products and
processes, Sweden seems to be highly competitive, in
both manufacturing and services. Genuine innova-
tions are relatively low in numbers and represent
rather low shares of total turnover in Swedish
industry, compared to many other countries. More-
over, the rate of start-ups is low in international
comparison. University spin-offs and spin-offs from
large companies or R&D institutes represent very low
shares of total start-up volumes in Sweden. Few of the
start-up firms in Sweden grow to become medium-
sized and virtually none of them get really big.

Multi-factor productivity growth
Long-term multi-factor productivity growth is a strong
indicator of innovative performance. It attempts to
directly measure changes in the value ratio between total
inputs and outputs, which, in turn, should be highly
related to innovative renewal.®

In a special international comparison by the
OECD, Swedish performance in terms of total business
sector multi-factor productivity (MFP) growth was
shown to be low in the 1980s. However, it improved in
the 1990s, with Swedish business sector MFP climbing
from fifteenth place in the OECD’s list in the 1980s
to eighth place in the latter period. Thus, despite the
improvement, Sweden was still far behind the best

countries in terms of MFP growth, figure 6.1.

It should be noted that the improved Swedish
performance in terms of MFP growth in the 1990s is
probably only marginally attributable to improved long-
term innovativeness in the business sector. The recession
in the early 1990s resulted in a considerable cleansing of
the least productive parts of the economy. Through this
one-time reduction of the less productive elements of
production capacity, average multi-factor productivity
increased in the remaining production capacity.'® This
is supported by the fact that the Swedish rate of MFP
growth was at about the same level in the first and the
second half of the 199os, while for many other countries,
MFP growth increased in the latter half of the 1990s.

Labour productivity growth

The rate of labour productivity growth is another
indicator of innovation performance. It attempts to
measure the relationships between total labour costs
and production value.!” An international comparison
of labour productivity gives further indications of a
relatively weak value-adding innovation performance in
the Swedish national innovation system.

Swedish labour productivity growth was particularly
low in the early 1980s, when both business sector
manufacturing and services, as well as public sector
services, showed low rates of productivity growth by
international standards. In the late 1980s, Swedish labour
productivity growth improved in the public sector, due
to a halt in employment expansion. However, labour
productivity growth in both manufacturing industry and
in business sector services slowed down and lost further
ground in international competitiveness. In the 1990s, as
a consequence of the substantial personnel cutbacks in
the wake of the severe economic crisis, Swedish labour
productivity improved considerably in all sectors. In
both manufacturing industry and public sector services,

Sweden was close to the top of the OECD’s rankings
in terms of its labour productivity growth. Labour
productivity in the Swedish business sector services
also improved in the 1990s, although it still remained

relatively far from the top of the OECD’s rankings.

Value-adding innovation
The main source of innovation survey data is the
Community Innovation Surveys produced by Eurostat.
This survey measures innovations, i.e. the introduction
of entirely new or significantly improved products that
are also new to the market. It also measures products
that are new only to the firm but not new to the market.
The first measure indicates rates and importance
of more radical renewal in industry, while the latter
indicates rates and importance of adoption capacity of
available technology, which in innovation terms is more
incremental in nature.'®

The Community Innovation Surveys indicate a
rather low rate of value-adding innovation in Swedish
industry, in terms of genuinely new products. Together
with Austria, Sweden is in only ninth place in this
European comparison, while Finland is a clear leader. A
closer look at this data reveals that there are considerable
differences between the pattern in manufacturing
industry and in the service sector. Swedish industry
seems to be more internationally competitive in service
innovation than in manufacturing innovation, figure 6.2.

According to the European innovation surveys,
Swedish industry is considerably more competitive in
terms of the adoption of existing technology than in
terms of innovations that are new to the market. In this
respect, Swedish industry is highly competitive in both
manufacturing and services. It is competitive in all firm
sizes, particularly the largest firms," figure 6.3.
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Rate of new firm start-ups

Another indicator of the rate of renewal in an economy
is the frequency of new firm start-ups, since establishing
new firms is one of several channels for the economic
exploitation of innovations. Sweden shows low levels of
start-up firms compared to most other countries. Also
the rate of shut-down is relatively low in Sweden, which
means that a high proportion of the small firms tend

to survive a relatively long time. However, start-ups in
Sweden generally tend to remain very small, with only
1.5 employees on average after two years. This is a low
rate of employment expansion compared to most other
European countries.?

In terms of the number of individuals that are
annually engaged in starting new firms, Sweden is
ranked 33 in the world. Sweden is clearly behind all the
other Nordic countries and most other EU member
states, with the exception of Belgium, Finland, the
Netherlands, Italy and France,? figure 6.4.

Most new firms in Sweden are started in the
service sector, particularly in the trade, hotel and
restaurant industries. The construction industry also
shows a high level of start-ups. Apart from traditional
service industries, knowledge-intensive services such as
financial services and business services show high levels
of start-ups. There is a clear trend towards an increasing
proportion of start-ups in knowledge-intensive service
industries.?

New technology-based firms

New technology-based firms (NTBFs) are important
agents of radical renewal, variety and dynamics in
innovation systems. They are generally assumed to be
important in the early commercialisation stages of new
knowledge, of which the creation of new markets, or
niches, is an important part. While large firms generally
have large financial, technological, production and
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network resources, they often have vested interests
that tie them to existing technological trajectories.”
Measures of the creation of NTBFs and their growth
effects are therefore key indicators of the capacity of
innovation systems to generate potential for radical
industrial renewal and growth.

Sweden, Denmark and Finland show a similar level
of spin-offs from high-technology industries, while
Norway lags behind the other Nordic countries. Of all
spin-off firms in Sweden during 1999—2000, 17.5 per
cent were spin-offs from high-technology sectors. The
corresponding figures for Denmark and Finland were
17.5 and 17.3 per cent respectively, but only 11.2 per cent
in Norway.

Finland and Sweden show considerably higher
levels of spin-offs from high-technology manufacturing
industries, which is a reflection of the greater size of
these industries in those countries compared to the other
Nordic countries. Despite a broader high-technology
manufacturing industry in Sweden, Finnish spin-ofts
from the high-technology manufacturing industry
are about 50 per cent larger than in Sweden. This is
primarily related to the comparatively high spin-off rates
from the Finnish telecommunications industry. Most
of the high-technology spin-oft firms in Sweden are
generated from the computer consultant industry,
figure 6.5.

Sweden shows higher levels of university spin-offs
than any other Nordic countries. However its overall
share of such spin-offs is very low. Further, spin-offs
from universities generally grow at a considerably slower
rate than spin-offs from industrial firms or other
NTBFs.?* The rate of spin-offs from research institutes
- and indeed the subsequent growth of such firms — is
higher than for university spin-offs in Sweden.
However, since the institute sector is very small in
Sweden, the quantitative role of institute spin-offs is

quite limited, figure 6.6.

Moreover, researcher-initiated or researcher
participation in high-technology start-ups is very low.
Only about 1 per cent of all new firms in Sweden are
researcher-initiated. Despite the large research system
in Sweden, this is considerably lower than in Finland,
but somewhat higher than in Norway. Most researcher-
initiated start-up firms are generated from high-
technology manufacturing firms, figure 6.7.

In Sweden, the proportion of higher educated
individuals starting and running SMEs is about the
same as the overall proportion of higher educated people
in the country’s population. The majority of NTBFs in
Sweden started by people with a higher education in
engineering, medicine or natural science were part-time
firms. Most of these firms were started by people whose
higher education was in medicine. A majority of the
businesses started by people with a higher education
were wound up within four years of start-up.?

Growth patterns in new technology-hased SMEs
Not all NTBFs contribute significantly to economic
growth, though when they do, the growth mechanisms
involved may be one of several types. One concerns the
direct growth of NTBFs themselves, another is growth
within larger firms, subsequent to mergers, and a third
mechanism is growth effects through their role in
industrial networks.

Not many NTBFs grow to be large by themselves.
Of all Swedish high-technology spin-offs from 1996,
about 63 per cent were still running in 2000. However,
only about 28 per cent of the spin-off firms started in
1996 had generated any employment growth in the
period 1996—2000. The proportion of surviving spin-off
firms that generate employment growth is considerably
higher in Finland than in Sweden, but much lower in
both Denmark and Norway, figure 6.8.
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6.2 Economic turnover generated by products that are new to the market 2000

Per cent

30

25

ETotal

B Manufacturing O Services

30

25

20

2 s > c X 8 > £ o S g o = 2
I} 2 s S 5 < 5 3 2 @ 3 S
< £ = & £ 5 £ 5 g B 8 3 £ 3
ic g & iy 5 K < H 0] £ 2 °
a o] 2
3
3
Source: Eurostat New Cronos database, 2003
6.4 Percentage of active population engaged in starting new firms 2003
Per cent
T T € X e = = 8 =
&S 38 = 5 £ g o g0 3 %2 5532559 ¢ < g E gLt seEgES e S
S g e jod N = 2 S z 38 S g £ £ 8 5" 26 a2
= < z z 3 @ 3 £
3 @ @ z

Source: Global Entrepreneurship Monitor (GEM), 2003

THE SWEDISH NATIONAL INNOVATION SYSTEM 1970-2003 23



20

6.5 High-tech spin-offs in the Nordic countries 1999-2000

Per cent of all spin-offs

DOHigher education

W Research and Development

B Computer and related activities

W

OAir transport

DO Manufacture of electrical machinery and appz.

B Manufacture of office machinery and equipment
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Source: SINTEF, High-tech spin-offs in the Nordic countries, 2003

6.7 Researcher participation in new firms 2001

Per cent (new firms)
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OOther services
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@ High-tech manufacturing
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Source: SINTEF, High-tech spin-offs in the Nordic countries, 2003
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6.6 New firms and spin-offs in Sweden
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6.8 Survival and growth rate among spin-offs from the high-tech industry in 1996
Per cent

@ Survived 4 years and growth
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Source: SINTEF, High-tech spin-offs in the Nordic countries, 2003.

Comment: Growth is defined by a formula requiring that establishments starting out with 1 or 2 employees in 1996 should have 3 or more employees four years later.
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IIl. TECHNOLOGY AND SCIENCE PERFORMANCE



The Swedish national innovation system has during
the entire period 1970—2003 been among the leading
countries in the OECD in terms of generating
technological inventions, measured as international
patenting in relation to population size. Swedish
international patenting of new technology has risen
considerably in recent decades, in total and across
all high-technology and medium high-technology
fields. Apart from the USA, Japan, Germany and
Switzerland, Sweden has a higher level of patenting
in relation to population size than any other country
within most technology areas. A major reason for
the strong Swedish position is that Sweden has the
largest concentration of R&D-intensive industrial
groups in the world. Also the industrial groups in
medium-sized low-technology industries are relatively
R&D-intensive and technologically competitive.
Multinational R&D-intensive industrial groups in
Sweden dominate Swedish international patenting,
while independent SMEs patent very little outside
Sweden and university researchers or R&D institutes

even less.

Total international technology patenting
Technological performance is fundamental to innovation
processes and is here understood as inventions, in a
broad sense, i.e. ideas and results that are possible to
commercialise and exploit in different kinds of produc-
tion. Technological competitiveness is here measured in
terms of different countries’ patenting in the USA.2
Throughout the period studied Sweden has been
highly competitive in terms of patenting in the USA
and was ranked fourth in the world in 2001. Swedish
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patenting in the USA rose rapidly during the second half
of the 1990s, from a level that was already relatively high
by international standards. Other countries with high
patenting in the USA have shown a similar trend, albeit
not as pronounced, figure 7.1.

In terms of triadic patenting, i.e. patents assigned in
the three patenting areas USA, EU and Japan, statistics
show that Sweden is even more competitive. Only
Switzerland reports a higher rate of triadic patenting
than Sweden. As in the case with US-patenting,
Swedish triadic patenting rose rapidly in the latter half
of the 199os.

Sectoral patenting performance

Swedish technological competitiveness is particularly
strong in telecommunications. However, the most
significant characteristic of the Swedish technological
strength is its breadth. Sweden is highly competitive
technologically in most high-technology and medium
high-technology fields. This is a reflection of the breadth
of the Swedish manufacturing industry across almost
all the high-technology and medium high-technology
industries. These industries are all dominated by large
multinational groups with a strong R&D base in
Sweden, figure 7.2.

Apart from the USA, Japan, Germany and
Switzerland, Sweden has a higher level of patenting in
relation to its population size than any other country
within most technology areas. However, compared to
the major patenting countries in the world, the USA
and Japan, the level of Swedish patenting is rather low
in most high-technology and medium high-technology
fields.

Patenting organisations
A major reason for Sweden’s high technological
competitiveness in terms of international patenting

is the large share and dominating role played by large
multinational and R&D-intensive industrial groups
within the Swedish national innovation system.

Companies that accounted for particularly
substantial patenting activities in the USA included the
Swedish parts of Ericsson, AstraZeneca and Pharmacia
Upjohn in the telecommunication and pharmaceuticals
sectors. ABB and a number of other industrial groups
with considerable R&D presence in Sweden also
increased their patenting substantially in the latter half
of the 1990s. The sharp rise in patenting activities by
these industrial groups contributed to most of the rapid
increase in Swedish patenting in the USA noted in the
second half of the 1990s. Large multinational groups,
with a strong R&D base in Sweden, dominate Swedish
patenting in the USA, accounting for about 70 per cent
of all patents in 2001, figure 7.3.

SMEs represent only a very small proportion of
overall Swedish international patenting. Moreover, a
majority of the patenting SMEs are firms belonging
to large multinational groups. Patents by individual
entrepreneurs, R&D institutes or special organisations
patenting inventions from the research system account
for only a minor proportion of Swedish international
patenting.
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7.1 Number of patents in the USA (USPTO) per million inhabitants 1980-2001
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7.3 Parent organisation of Swedish inventions patented in the USA 2001

Per cent
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related to universities

Multinational Corporations SMEs

Source: USPTO & O. Persson, 2003
Comment: Others includes companies and organisations that either cannot be found in the Swedish business
register or, are not specified by the USPTO or do not belong to the other categories.
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The Swedish national innovation system tops the
OECD?’s rankings in terms of science production,

in relation to population size. Swedish scientific
production and world science shares have increased
rapidly in recent decades. In all three broad

scientific fields of medical science, natural science
and engineering, Sweden is ranked highest by the
OECD in terms of scientific publications. One main
reason for the strong Swedish position in science
production is that Sweden, in relation to the size of
its population, has the largest university system in the
world. Universities dominate the world production
of scientific results, globally as well as in Sweden.
However, whilst the volumes of scientific production
in Sweden have been rapidly increasing, the average
scientific quality seems to have declined in all major
scientific fields, particularly engineering.

Science production

Research of high scientific quality is of great importance
to the dynamic competitiveness of innovation systems.
Apart from the knowledge and competence of
individuals, the most important product of scientific
research is scientific publications that document
scientific progress. The rate of scientific publications

in internationally acknowledged scientific journals is a
good general indicator of the scientific performance of
different innovation systems.

Swedish research is, in relation to the size of the
country’s population, world-leading in terms of scientific
results, measured in terms of the number of publications
in internationally acknowledged scientific journals. Only
Switzerland publishes more scientific articles per capita.
Sweden has for many years been first or second in the
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world in terms of generating scientific publications,
relative to the size of the country, figure 8.1.

Overall, Swedish scientific publications increased
steadily during the 1980s and 1990s. During 1981-1991,
the number of Swedish scientific publications increased
by 31 per cent. The corresponding figure for 1991—2001
was 28 per cent. This resulted in an increasing world
share of total scientific publications for Sweden, from 1.5
per cent in 1981 to over 2 per cent in 200L.

Science performance within different scientific fields
In all three broad scientific fields of medical science,
natural science and engineering, Sweden is first or
second in the world in terms of the number of scientific
publications. In terms of the number of publications in
relation to its population size, Sweden is world-leading
in medical science and second only to Switzerland in
natural science and engineering.

In absolute terms, the Swedish performance differs
between these three broad science fields. In medical
science, Swedish publications account for 2.7 per cent of
all such publications in the world. The corresponding
figures for natural science and engineering are 2 per cent
and 1.7 per cent respectively, figures 8.2, 8.3 and 8.4.

Science-producing organisations

University research dominates the scientific results

in all countries. In Sweden, about 85 per cent of all
Swedish scientific publications are produced within
Swedish universities. The main reason is, of course, that
scientific publication is a central purpose of university
research and the main driving force for most university
researchers. Of all university papers, about two-thirds
refer to life science papers. Despite the increase of
scientific publications by businesses and R&D institutes
during recent years, they still represent only a very small
proportion of overall publications.

Businesses produce around 6 per cent of all
scientific papers in Sweden, almost all in co-operation
with universities. Also of these, nearly two-thirds are life
science publications. Non-academic hospitals produce
about the same amount of scientific publications as
businesses, almost all of which are in life sciences. Other
sectors produce together about 5 per cent of all Swedish
scientific publications, most of which in the field of life
science.”

Scientific quality

The scientific quality of Swedish research results,
measured in terms of citations in scientific articles, is
high in international comparison. However, in recent
years the quality seems to have deteriorated.

A closer look at different broad scientific fields
reveals that the deterioration in Swedish scientific
quality has been particularly noticeable in engineering
research. Between the two periods 1992-1996 and 1997—
2001 Sweden’s world ranking went from third to sixth.
Sweden’s international performance in medicine also
deteriorated in terms of scientific quality, falling from a
sixth place in 1992-1996 to a ninth place in 1997—2001.
In natural science, Sweden fell from fifth to sixth place
in the world in terms of science citations.



8.1 Scientific publications in internationally acknowledged journals 2000-2001

Number Per cent

2,000

1,800

1,600

1,400

1,200

1,000

800

600

400

200

1,000

900 -+

800

700 +

600

500 +

400 +

300

200 +

100

40%

* T 35%

B Number of publications per million inhabitants 4 Per cent of world total 30%

25%

20%

15%

10%

5%

Switzerland
Sweden
Israel
Denmark
Finland

UK
Netherlands
Norway
Canada
Belgium
USA
Austria
Germany
France
Ireland
Spain
Japan

Italy

Korea
China

Source: National Science Indicators (NSI) database, 2002

8.3 Scientific publications within medical sciences 2001 — Numbers per million
inhabitants and share of world total
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8.2 Scientific publications in engineering 2001 — Numbers per million inhabitants
and share of world total
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8.4 Scientific publications within natural science 2001 — Numbers per million
inhabitants and share of world total
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V. INNOVATION ACTIVITIES AND INTERACTIONS



The Swedish national innovation system is highly
competitive in terms of business sector innovation
investments. Particularly impressive are the
internationally high levels of R&D activities. The
Swedish business sector is at the top of the OECD’s
rankings in this respect, in relation to GDP. Business
sector R&D investments in Sweden increased rapidly
in the 1990s. The Swedish business sector innovation
investments in general and R&D investments in
particular have been dominated by large industrial
groups. Moreover, the expansion in recent years has
been highly concentrated to only three industrial
groups. The Swedish national innovation system is
considerably less competitive in terms of innovation
activities in SMEs, both in general and in terms of
R&D. Sweden seems to be relatively attractive to
foreign investments in knowledge-intensive activities,
though considerably less attractive for foreign
investments in large-scale production of goods and
services. In several value chains, there is a trend
towards an increasing use of the Swedish national
innovation system as a platform for value-adding,
knowledge-intensive activities where the large-scale
production to an increasing extent is taking place
elsewhere.

Importance of innovation investments

A general conclusion from research into the economic
impact of innovation investments is that such invest-
ments, particularly R&D investments, generally generate
a value added corresponding to at least 5 times as much
as the costs of these investments. The reason for this

is the generally large multiplying effects generated
by learning and imitation from the knowledge and
innovations generated by innovation investments. It is
thus the diffusion effects observed and accounted for
in economic theory and in many empirical studies that
generate socio-economic effects that are generally much
greater than the cost of the original investments.”

Some empirical studies indicate that the average
multiplying spill-over effects on economic value may be
higher than 10.% It is also clear that the social returns
from innovation are generally several times higher than
the private returns. The latter returns are, generally
at least, four times as high as the former, or about 8o
per cent of the total value generated.’! It can also be
concluded from these studies that R&D activities
carried out within the business sector contribute more
to productivity growth than R&D activities carried out
outside the business sector.

One particular kind of spill-over effect is spill-
over from one industry to another. The present state
of research indicates that such spill-over effects appear
to correspond to at least s0—100 per cent of the direct
effects in the firms or industry undertaking the R&D.
Moreover, these spill-over effects are almost certainly
underestimated, because spill-over is generally only
estimated for a limited number of industries. As an
example, the impact on productivity effects in service
industries is often not measured. Since these industries
are major users of manufacturing innovations this should

be a major source of the underestimation of spill-over
effects.®

Total business innovation investments

Data from the Community Innovation Survey (CIS)
reveal that the Swedish business sector is highly
competitive in terms of innovation investments.
Sweden is both highly competitive in terms of total

manufacturing innovation investments and in terms

of total service innovation investments. The Swedish
performance is largely based on investments in high-
technology manufacturing and knowledge-intensive

services that by international standards are high.

Of all the total innovation investments in the
manufacturing industry, R&D accounts for a large
proportion, while in services, R&D expenditure
represents a relatively small proportion of overall
innovation investments. This is an important sectoral
difference to bear in mind in innovation policy
development and design.*

Business sector R&D investments
Sweden’s business sector investments in R&D are
the highest in the OECD in relation to the country’s
GDP. This performance is to a large extent based on
R&D investments made by the large high-technology
or medium high-technology manufacturing industrial
groups which have a substantial R&D base in Sweden.
Sweden advanced to the world-leading position in terms
of business sector R&D investments in the early 1990s
and this position was further reinforced during the rest
of the decade. The advancement was almost completely
attributable to increasing R&D investments by the large
industrial groups. And of these, R&D investments in
telecommunications and pharmaceuticals accounted for
a large proportion, figure 9.1.

Sweden is also among the leading countries in
the OECD in terms of R&D expenditure in medium
low-technology and low-technology manufacturing
industries. However, these industries account for a
relatively low proportion of overall R&D investments in
all countries. Innovation investments in services are to
a much lesser extent based on R&D investments than
manufacturing innovation. Though, as in terms of total
business sector innovation investments, Sweden is quite
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competitive in R&D in knowledge-intensive services,
but much less competitive in R&D investments in less
knowledge-intensive services and in public services,
figure 9.2.

Attractiveness for R&D investments

The localisation of R&D activities within national
borders is of key importance for national innovation
systems. The presence of firms and other organisations
undertaking such organised innovation activities is
important both directly, through the technological
knowledge they produce, and indirectly, through
knowledge spill-over from such activities and through
their contribution to the general technological
environment.

The geographical location of industrial activities
depends on the relative advantages of the specific
environments in different locations. In relation to
organised innovation activities, such as R&D, positive
environment conditions may vary, but should, in general
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terms, be related to particularly good access to highly
qualified competence. Therefore, key factors in attracting
knowledge-intensive industrial activities, both in terms
of new investments and in terms of keeping existing
activities within national borders, are those that provide
access to key competence for different industries. Such
competencies vary from industry to industry and must
therefore be analysed in relation to specific sectoral
innovation systems.**

Internationalisation processes of R&D tend to
diminish the relative concentration of R&D activities
in large industrial groups to domestic units. In doing so,
they may reduce the home country’s innovative capacity.
Generally, risks of this kind should be greatest in small
countries, since their industrial R&D base is often
dominated by a small number of large multinational
industrial groups.” Therefore, the geographical location
of R&D activities in large multinational industrial
groups is also one indicator of the existence of positive
location factors for organised innovation activities.

Data on R&D intensities in foreign affiliates in
different countries indicate that Sweden in general terms
is a relatively attractive location for R&D activities for
large multinational manufacturing groups. However, as
in most countries, domestic manufacturing firms are,
on average, more R&D-intensive than foreign affiliates
in Sweden. The average R&D intensity of national
Swedish manufacturing firms is highest in the world,
figure 9.3.

Considering the falling number of employees in
R&D-intensive industrial groups in Sweden, as noted in
chapter 4, it is likely that multinational industrial groups
find Sweden considerably more attractive for R&D
activities than for production. Particularly since several
of them now have foreign owners, with less historical
and practical bonds to Sweden. An important issue for
innovation and growth policy in Sweden is therefore, if
and how future value generation and flows could benefit
the Swedish economy.



9.1 Business R&D investments in relation to GDP 1981-2001, per cent

9.3 Percentage of business R&D expenditure from foreign-owned firms 1999

No. 1981 1985 1989 1993 1997 2001
1 |Germany 1.7 |Switzerland (1986) 2.2 |Switzerland 2.1 |Sweden 2.3|Sweden 2.8 |Sweden 3.3
2 [USA 1.7 |JUSA 2.0 |Germany 2.0 |Switzerland (1996) 1.9|Japan 2.0|lsrael 3.1
3 [Switzerland 1.6 |Germany 1.9 |Japan 2.0 |Japan 1.9|Israel 2.0|Finland (2000) 2.4
4 JUK 1.5 |Sweden 1.9|USA 1.9|USA 1.8 |Korea 2.0|Japan (2000) 241
5 [Sweden 1.4 [Japan 1.8 |Sweden 1.9 |Germany 1.6 |USA 1.9|USA 241
6 |Japan 1.4 |OECD 1.6 |OECD 1.6 |Israel 1.6 |Finland 1.8 |Korea (2000) 2.0
7 |OECD 1.3 |UK 1.4|UK 1.5 |France 1.5|Germany 1.5 |Switzerland (2000) 2.0
8 |France 1.1 [France 1.3 |France 1.4|OECD 1.4|OECD 1.5|Germany 1.8
9 [EU 1.1 |EU 1.2|EU 1.3|UK 1.4 |France 1.4 |lceland 1.8
10 |Belgium 1.0 |Belgium 1.2 |Netherlands 1.2 |Finland 1.3 |Belgium 1.3|OECD (2000) 1.6
11 |Netherlands 1.0 [Netherlands 1.1 |Finland 1.1 |Belgium 1.2|Denmark 1.2 |Belgium (2000) 1.5
12 |Finland 0.6 |Norway 0.9 [Belgium 1.1|EU 1.2|UK 1.2|France 1.4
13 |Austria 0.6 |Finland 0.9 [Norway 1.0 |Denmark 1.0|EU 1.1 |EU (2000) 1.2
14 |Norway 0.6 [Canada 0.8 |[Denmark 0.8 |Netherlands 1.0 |Netherlands 1.1 |UK (2000) 1.2
15 |Canada 0.6 |Austria 0.7 |Austria 0.8 |[Norway 0.9 |Canada 1.0 |[Netherlands (2000) 1.1
16 |Denmark 0.5 |Denmark 0.7 |Canada 0.7 |Canada 0.9 |[Norway 0.9 [Canada 1.1
17 |ltaly 0.5 |ltaly 0.6 |Italy 0.7 |Austria 0.8 [Ireland 0.9 |Australia (2000) 0.7
18 |Ireland 0.3 |Ireland 0.4 |Australia 0.5 |Ireland 0.8]lceland 0.8|ltaly 0.6
19 |Australia 0.2 |Australia 0.4 [Ireland 0.5 |Australia 0.7 |Australia 0.8[Spain 0.5
20 |Spain 0.2 |Spain 0.3 |Spain 0.4 |ltaly 0.6 [ltaly 0.5 |Austria
21 |Portugal (1982) 0.1 |lceland 0.1 [New Zealand 0.3 |Iceland 0.4[Spain 0.4 |Denmark
22 [lceland 0.1 |Portugal (1986) 0.1 [Iceland 0.2 |Spain 0.4 |[New Zealand 0.3 [lreland
23 |lIsrael Israel Portugal (1990) 0.1 [New Zealand 0.3 |Portugal 0.1 [New Zealand
24 |Korea Korea Israel Portugal (1995) 0.1 |Austria Norway
25 |New Zealand Korea Korea Switzerland Portugal
Source: OECD MSTI, 2003
9.2 R&D expenditure in different industries in Sweden 2001
Per cent of total business R&D
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The Swedish national innovation system is leading
in the OECD in terms of university research
investments, in relation to GDP. Public R&D
investments outside the university sector are low

in international comparison. As a consequence, the
Swedish R&D institute sector is one of the smallest
in the OECD. Therefore, the Swedish university
sector is expected to co-operate efficiently with the
rest of society. However, the incentive structures for
this are weak in the universities and the university
functions for this are therefore underdeveloped. As
a consequence, the Swedish R&D system outside
the business sector is by international comparison
highly focused on curiosity-driven scientific research.
The level and share of mission-oriented research

is low and has continuously decreased in recent
decades. By international standards, defence-related
R&D accounts for a high proportion of total

public investments in mission-oriented research. A
consequence of the Swedish R&D system and the
profile of public research financing is that overall
investments in engineering R&D outside the business
sector are not particularly high in international
comparison, despite high levels of engineering

research in universities.

University research

Research in Swedish universities and higher education
colleges accounts for a larger proportion of GDP than
in all other countries. In 2001, research in the higher

education sector amounted to SEK 18.8 billion, which
corresponded to 0.83 per cent of GDP. The OECD
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average was about half of that. Only Israel, with 0.82 per
cent of GDP, comes anywhere near Sweden in terms of
the volume of higher education sector research. Closest
to Sweden and Israel are Switzerland, Canada and
Finland, each with about 0.6 per cent of GDP in higher
education sector research activities, figure 10.1.

Sweden has been a world leader in terms of the
investments made in university research in relation
to GDDP, at least since the early 1980s. This reflects a
long-term, determined focus of Swedish governmental
research policy that was initiated as far back as World
War II. This policy has been based on a rather firm
view that university research and education are of key
importance for social development and progress. On the
other hand, the policy has been based on the view that
universities should be the major performers of research
and advanced learning in society.

Medical sciences, followed by engineering
and natural sciences, dominate in terms of research
investments in Swedish universities. The most rapid
increases in the 199os took place within engineering and
medical sciences.

Institute research
As a consequence of the Swedish research policy
developed in the early 1940s, the R&D institute sector
and public funding of R&D institutes is by international
standards small. In total, R&D activities carried out by
governmental and private R&D institutes corresponded
to about 3 per cent of overall R&D activities in Sweden
2001, which is considerably less than in other European
countries.* As a consequence, Swedish R&D institutes
tend to play rather minor roles in their main areas of
focus, figure 10.2.

The Swedish R&D institute sector is dominated
by industrial research institutes. These date back to
the early 1940s, and most of them focus on individual

manufacturing industries. The industry is represented
by different owner constellations for each institute.
Government ownership is administered through the
holding company IRECO. Today, all industrial research
institutes have been transformed into companies with a
private-public shared ownership. The research institute
sector will be further reorganised into larger institute
groups in 2004.

The basic public funding of R&D institutes has
over the past decade become among the lowest in
Europe. As a result, it is very possible that their R&D
activities will become more short-term in nature and less
closely linked to the science base than institute research
in other countries,* figure 10.3.

Mission-oriented research in universities and R&D
institutes

Compared to most other OECD countries, the volume
and share of mission-oriented research in the Swedish
research system outside the business sector is small. First
of all, the financing structure of Sweden’s large university
sector primarily promotes curiosity-driven research.

The share of financing for explicit mission-oriented
research in the Swedish university system has decreased
considerably in Sweden in recent decades. Secondly,

the small relative volume and share of research in R&D
institutes in Sweden compared to virtually all other
OECD countries should further contribute to a low level
of mission-oriented research in the Swedish national
innovation system, figures 10.4 and 10.5.

Engineering research in universities and R&D
institutes is a particularly important investment in the
performance of innovation systems. However, general
international comparisons of the total engineering
research carried out outside the industry are difficult to
make, since such compilations are not made by national
or international statistical agencies. However, through



special compilations of R&D data from the statistical
authorities in different countries, it is possible — albeit
problematic due to differing data quality — to compare
the volumes of engineering research in universities,
higher education colleges and R&D institutes in
different countries.*

While Sweden invests relatively large resources
in engineering research at universities, the resources
invested in engineering research in R&D institutes

are small by international standards. Overall, Sweden

is not particularly competitive in terms of engineering
research in universities and R&D institutes. Finland,

the Netherlands and Norway show higher numbers of
engineering R&D man-years in universities and R&D
institutes in relation to the size of their population.
Germany and Denmark account for a lower proportion
than Sweden, due to their considerably smaller university

sectors, figure 10.6.

10.1 R&D expenditure in the higher education sector 1981-2001 in relation to GDP

No. 1991 2001
1 |Sweden 0.65 |Sweden 0.74 |Sweden 0.83
2 |Japan 0.55 |Israel 0.67 |Israel 0.82
3 |Switzerland 0.43 |Switzerland (1992) 0.66 |Finland 0.61
4 |Netherlands 0.42 |Netherlands 0.58 |Switzerland 0.60
5 |Germany 0.41 |Japan 0.51 |Canada 0.59
6 |[Norway 0.34 |Canada 0.49 |Iceland 0.58
7 |Canada 0.33 |Finland 0.45 |Netherlands (2000) 0.57
8 |France 0.32 |Norway 0.44 |Belgium (1999) 0.47
9 JUK 0.32 |Belgium 0.43 |Denmark (2000) 0.45
10 JOECD 0.31 |Germany 0.41 |Japan 0.45
11 JUSA 0.31 ]Australia (1992) 0.40 |Norway 0.42
12 |EU 0.30 JUSA 0.39 |Australia (2000) 0.41
13 |Denmark 0.28 |Denmark 0.37 |France 0.41
14 JAustralia 0.27 |EU 0.36 |JUK 0.41
15 |Finland 0.26 |France 0.36 |EU (2000) 0.40
16 |lceland 0.17 JOECD 0.36 |Germany 0.40
17 [ltaly 0.16 |Iceland 0.35 |OECD 0.40
18 |[New Zealand 0.16 JUK 0.34 JUSA 0.40
19 llreland 0.11 |[New Zealand 0.28 |New Zealand (2000) 0.35
20 |Spain 0.09 |ltaly 0.26 |ltaly (2000) 0.33
21 |Belgium Ireland 0.22 |Korea 0.31
22 |lsrael Spain 0.19 |Spain 0.30
23 |Korea Korea Ireland (2000) 0.23

Source: OECD MSTI, 2003
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10.2 Institute R&D in relation to total R&D expenditure 2001

Per cent of total R&D

i,

Norway Netherlands France Germany Denmark Finland UK Sweden
Source: INNO & Technopolis “Benchmarking Technology R&D”, 2004
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10.3 Government funding of the institute sector in relation to GDP 2001 10.4 R&D activities carried out in the institute sector 2001

Per cent of GDP . .
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10.5 Government-financed civil R&D in relation to GDP 2002 10.6 Engineering R&D in universities and institutes 2001
Per cent of GDP Man years per 1000 inhabitants
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Source: OECD MSTI, 2003 Source: INNO & Technopolis “Benchmarking Technology R&D”, 2004
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Since World War II, the Swedish national innovation
system has been dominated by technology-based,
public-private partnerships between R&D-intensive
manufacturing industrial groups and public agencies
and companies. To a large extent, these partnerships
explain the high R&D-intensity in Swedish-based
industrial groups. In turn, the evolving technology
and market leadership of these groups also illustrate
the manufacturing subcontractor structures that

have dominated Swedish manufacturing industry.
Moreover, the R&D-intensive industrial groups

in Sweden have provided major markets for
knowledge-intensive services, which have rapidly
expanded in recent decades, through outsourcing

and market growth trends. The Swedish university-
dominated research system has served the dominating
technology-leading, public-private partnership
structure rather well, even if it has been less efficient
in supporting innovation through start-ups, in SMEs
and in the public sector. The private knowledge-
intensive business services play an increasingly
important role in innovation system interactions. The
relationship between the roles of such businesses on
the one hand and R&D institutes and universities

on the other merits further investigation. Some of
the important strengths of the Swedish national
innovation system include Swedish investments

and the use of modern communications technology,
together with home-market consumers that are open

to new technology and solutions.

Importance of interactive learning in innovation
Few businesses have all the vital resources, primarily
knowledge, but also financial capital, required in
innovation processes. Innovating businesses are therefore
generally in need of interactive learning transactions
with other businesses, research organisations, financial
organisations, etc. Many empirical studies have shown
that innovation and technological development within
a sector or an industry are largely the product of
interactions between businesses and other agents.”

Innovation process interactions are generally not
temporary transactions, but involve essential elements
of relatively long-term social contacts and mutual trust,
together with financial commitments of a reciprocal
nature. For this reason, innovation and technological
relationships tend to be more or less stable ventures, in
which considerable resources, intangible and tangible,
have been invested.*

A particular form of innovation interaction is
technology consortia. Such consortia could bring
considerable value added to the businesses in the
consortia. Moreover, they generally generate efficiency
gains in the form of different types of innovation and
economic systems.” However, there is always a balance
to be considered between such efficiency and monopoly
power that could be detrimental to innovation and
national economic growth.

User-producer relationships

In innovation-related interactions, user-producer
relationships are particularly important.* Several studies
have in fact shown that the single most important factor
for successful innovation processes is the innovators’
understanding of user needs. And, in many cases the
users themselves are the locus of innovation, i.e. the
main source of focus and knowledge for the innovation.
An important determining factor for identifying which

agents will become the locus of innovation is often found
in the differences in appropriation patterns between
different agents.”

The most important sources of knowledge and
ideas in innovation processes are generally found
internally in innovating firms or other firms within the
same industrial group. Clients and customers are also
generally important sources of knowledge and ideas for
innovation, figure 1r.1.

This underlines the findings from many case
studies and broader empirical studies that user-
producer relationships and internal innovation and
absorption capacity of firms are of key importance for
industrial innovativeness.* These patterns are similar
across Europe, including Sweden. However, there are
important differences between different sectors and
industries in this respect. And, these differences also
generate differences in critical innovation policy issues
between countries, due to national differences in sector
and industry structures, figure 11.2.

Public-private partnerships
In Sweden, important long-term, technology-based,
user-producer public-private partnerships have been
important for technological development within
the Swedish national innovation system. From the
public perspective, these partnerships have focused on
satisfying public needs, represented by public procuring
organisations. From the business perspective, they
have provided a long-term basis for substantial R&D
investments as a basis for international competitiveness
on export markets.

An important general framework for these public-
private partnerships has been the market, financial
and ownership regulations that have guaranteed some
degree of stability in these semi-monopolistic public-
private relationships. These structures have contributed
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a great deal to the high R&D-intensity in Swedish
industrial groups. Through the leading multinational
industrial groups within these R&D-intensive sectors,
large sections of Swedish manufacturing industry
have been characterised by a high level of technology.
These public-private partnerships have for many years
determined the pace and pattern of technological
development within these sectors and subcontractor
structures. In doing so, they have played an important
part in shaping the innovation networks within Swedish
manufacturing industry.*

In recent decades, the foundations of the
dominating Swedish public-private partnership regime
have begun to erode in several different and mutually
reinforcing ways. As a consequence of intensified
globalisation, multinational industrial groups worldwide
have increasingly been locating their exploitation and
production activities to areas where the conditions for
these activities are best met. Historical and geographical
roots have decreased in importance as determinants
for the location of value-adding industrial activities. In
addition, the deregulation or re-regulation of almost
all sectors that were previously regulated through
monopolistic or semi-monopolistic private-public
partnerships has further reinforced these trends.

Because of the importance of such private-public
development blocks in recent Swedish economic history
and their significance for the dynamic competitiveness
of the Swedish national innovation system, these
developments generate particular challenges for Swedish
innovation policy.*

Universities and R&D institutes

As direct sources of knowledge and ideas for innovations,
universities and R&D institutes are generally of limited
importance. However, they are quite often vital as co-
operation partners in relation to innovation processes.
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Universities have a particularly important role to play
in innovation-related co-operation with manufacturing
and service firms that have relatively high R&D or
knowledge intensities, i.e. with considerable internal
absorptive capacity. They are generally of considerably
less importance as co-operation partners for firms with
less developed internal absorptive capacity, figure 11.3.

Despite the large Swedish university sector, total
business sector financing of university research is not
particularly high in Sweden. Moreover, the share of
business sector financing of overall university research
financing is comparatively low in Sweden. This is an
indication of a low rate of industrial use of university-
based knowledge and competence. Since the universities
dominate the Swedish research system, this may be an
important challenge for the future development of the
Swedish national innovation system, figure 11.4.

Swedish R&D institutes are, relatively speaking
generally more important than universities as co-
operation partners in innovation to manufacturing
firms with medium or low internal technological and
absorptive capacity. However, they are generally of
limited importance for service innovation in most service
industries, figure 1r.5.

University research has provided a scientific basis
for R&D-intensive multinational groups with in-house
technological capacity to use scientific knowledge in
their own R&D activities. Moreover, the continuous
outflows of R&D specialists from universities have to a
large extent been absorbed by the large R&D-intensive
groups in Sweden. This combination has thus been a
strength of the Swedish national innovation system.
On the other hand, the relative difficulties for SMEs
to interact with university research, combined with
the small R&D-institute sector in Sweden, which is
generally more SME-related, has been a weakness for
the development of innovative SMEs in Sweden.

University-industry science linkages

Science-based co-operation between R&D-intensive
firms and university research increased globally in the
1980s and 1990s at a considerable rate, albeit from a quite
low level. This is a clear indication of the increasing
importance of scientific knowledge and results in
industrial innovation processes.

Also in Sweden, the increase in science-based co-
operation between firms and universities has increased
considerably over the last two decades. These co-
operation patterns reveal that scientific knowledge is
particularly important within bio-science fields, in which
the increase in the co-authoring of scientific articles
between firms and universities increased rapidly both
globally and in Sweden. However, industry-university
co-operation also increased within certain other
industrial high-technology fields in Sweden in the 1980s
and 1990s. Scientific co-operation between firms and
universities is highly restricted to large R&D-intensive
firms, primarily multinational industrial groups with a

high internal R&D capacity.

Knowledge-Intensive Business Services
Knowledge-intensive business services (KIBS),

such as R&D firms, computer-related services and
other business services are often important sources

of knowledge and ideas for innovation. R&D firms
belonging to industrial groups are particularly important
sources of innovation inside their industrial groups,
reflecting the basic business logic behind their existence.
However, KIBS firms are generally more important

as co-operation partners to different kinds of firms in
their innovation processes than as original sources of
knowledge and ideas for innovation. Thus, they are
generally more important as advanced problem-solvers
in innovation processes than the source of original
ideas.



Compared to most other industries, KIBS
firms generally have much closer relationships with
universities. Most R&D firms regularly co-operate with
university partners in their own innovation processes.
However, computer-related services and other business
services also show considerably higher intensity in their
innovation-related co-operation with universities than
other industries. This supports much of the research
that has characterised and described KIBS firms as
important vehicles for the learning, packaging and
diffusion of science-based knowledge to different firms
and other organisations. Thereby, their activities and
business models are often similar to the activities of
and logic behind public or private non-profit R&D
institutes in different countries. Such institutes are
generally supposed to support R&D and innovation in
the business sector.

Together with private KIBS firms, public or private
non-profit R&D institutes constitute a sector of research
and technological development organisations (RTOs)
engaged in knowledge storing, packaging and providing.
Private and public boundaries within national RTO
sectors are generally quite blurred, both from a business
or organisation logic perspective and from a financing
perspective. For an efficient innovation policy, it is vital
to fully understand the characteristics and dynamics of
the national private-public RTO sector. However, in
most European countries, including Sweden, data and
analysis of this sector are scarce, partial and often of
quite low quality. A substantial increase in the attention
to statistics and analysis of RTOs is thus called for, as
an important analytical basis of innovation policies in
Europe, at national, sector and regional levels.*

ICT investments and use
Communication is essential to interaction. Investments
in and the use of advanced communication infra-

structure, technology and services are therefore of key
importance for the interaction pattern, intensity and
quality within innovation systems. Availability and
use of the most modern communication technology
and services are particularly important in determining
the efficiency of interaction patterns in innovation
systems. ICT systems and services have in recent
decades emerged as the key technological paradigm for
communication in modern economies.*

Sweden has for many years been a leading player
among OECD countries in terms of its investments
in and use of advanced communication technology. In
terms of ICT infrastructures, Sweden has increased its
ICT investments in the period and advanced to the top
or close to the top of the OECD rankings in recent
decades, figure 11.6.

Also in terms of its use of ICT, Sweden has

throughout the period studied been among the leading
countries in the OECD, both in terms of ICT use

among individuals and in terms of ICT use within the
production system. The Swedish business sector and the
Swedish public sector are both among the most intensive

ICT users in the OECD, figures 11.7 and 11.8.

Consumer demand

An important, though still rather poorly documented,
strength of the Swedish national innovation system is
the relatively open attitude of consumers and markets

to innovative products and services. This seems to be

a particular feature of the Nordic countries, compared
to the rest of Europe.®® It is likely that such consumer
habits, as most habits and attitudes, have been gradually
built up over a long period of time. This may have

been influenced by the early and for many years rather
ambitious policy of modernising infrastructures and
equipment at work, at home and in education, combined
with a relatively broad participation of the population in
education and working life.

11.1 High use of different sources for innovation 2000, in relation to innovative enterprises,

per cent
Sources of information for innovation
2 0 I c
2 ] g < .g "E g :‘OE) % z » g a8
s | 25 2 | cga g E= 5 s | 58S
£s | &% 8§ |Ee83| § | 22| z |585| 3=
Country B 53 @ =55 8 3 = SE3| 358
France 44 34 16 12 15 9 2 5 3
Austria 45 21 13 13 8 8 5 11 3
Belgium 51 28 27 17 12 15 5 10 2
Germany 33 35 17| 9 15 20 7 17 2
Denmark 34 35 17| - 14 13 4 6 2
Spain 35 20 25 11 11 18 3 10 5
Finland 45 26 10 12 4 5 3 2 4
Greece 60 26 33 7 11 0 7 21 4
Iceland 26 16 7 3 4 5 1 3 2
Italy 27 15 18 3 7 12 2 6 2
Luxembourg 66 33 30 32 16 14 2 20 1
Netherlands 51 17 12 12 7 5 2 5 3
Norway 47 35 20 14 10 11 3 13 5
Portugal 35 21 27 8 7 25 4 9 2
Sweden 50 48 22 16 11 7 7 3 3

Source: Eurostat New Cronos, 2003
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11.2 High use of different sources for innovation 2000 in Sweden, in relation to innovative enterprises, per cent 11.3 Co-operation arrangements on innovation activities in Sweden
with universities 2000, in relation to innovative firms, per cent

Sources of information for innovation Location of co-operating university
[ 0 3 < @« o o @ o«
9 e 9 ] 2 o o% o S5 25 = £ £
2 9B 8 £ L Bl 8%e ES8 %5 BL| B_| B E.
£ & €9 3 £ 2qa =1 ».a 9] o= 8 g =] Qo 24| %« 2g 2¢
£9 T @ Q] £23 € £Z = cQE 2o E 2| E2| €9l Es E£%
Industry =5 6o 3 £585 8 3 5| S8es| 852 Industry S8 oS8 53 59 S5O
Total 50 48 20 16 11 7 7 '3 5 Research and development 73 36 12 2 4
Manufacturing 50 43 21 9 7 6 4 3 7 Communication equipment 38 8 8 2 6
Services 50 53 25 25 14 7 9 3 5 Other business activities 31 3 3 - -
Food products 74 19 8 9 3 9 15 7 3 Medical § optical instruments A
|Real estate, renting and business activities 74 60 7 3 9 5 11 4 5 Manufacture of oulb and paper >7 13 > " -
Electrical and optical equipment 69 61 8 4 13 6 7 5 2 e T -
Transport, storage and communication 56 36 32 3 13 8 2 6 1 Electrical and optical squipment 26 - - - -
Rubber and plastics products 55 46 20 1 5 5 3 0 5 Non-metallic mi';eral p?o dEcts 22 8 A - -
Machinery and equipment 49 66 15 11 7 7 0 4 o) Other transport equipment 21 N N - -
Financial intermediation 48 24 14 12 9 0 1 1 1 Machinery and equipment, N.E.C 17 3 7 . -
| Transport equipment 47 38 20 18 9 14 0 2 0 Electrical machinery, N.E.("J. — 16 2 - - -
Tex?”es - 46 39 23 3 0 20 0 5 0 Rubber and plastic products 15 - - - -
Basic metals & fabricated metal products 45 36 30 4 14 0 3 0 0 Computer and related activities 15 = 3 N -
Other manufacturing 44 40 17 3 5 18 3 1 9 Transport equipment 15 - . . -
Chemicals and chemical products 38 22 7 11 4 7 7 1 1 Manufacturing 15 P 1 N n
Pulp & paper products 36 37 26 6 3 5 3 7 1 Wood and products of wood 13 . 1 N -
Wholesale & retail sale 34 58 23 32 18 9 11 2 6 Services 12 1 1 . N
Electricity, gas & water supply 32 11 17 13 9 3| 8 12 7 Motor vehicles etc. 12 3 3 N N
Non-metallic mineral products 31 27 14 11 0 3 7 [0) 0 Manufacturing, N.E.C. 10 6 N N N
Food products etc. 9 9 - - -
Source: Eurostat New Cronos, 2003 Office machinery & computers _ 9 N N
Insurance and pension funding 8 - - - -
R . . . . R . R Fabricated metal products except machinery 7 - - - -
11.4 R&D in the higher education sector financed by industry, in relation to higher Transport, storage and communication 7 1 . - 7
education R&D and in relation to GDP 2001 Wholesale trade and commission trade 7 - - - -
Textiles and textile products 6 4 4 - -
Publishing and printing 5 - - - -
Per cent of HERD Per cent of GDP Financial intermediation - - 1|- - -
16 0.07 Activities auxiliary to financial intermediation - - 4/- - -
® Source: Eurostat, New Cronos, 2003
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11.5 Co-operation arrangements on innovation activities in Sweden with research

institutes 2000, in relation to innovative firms, per cent

Location of co-operation research institute
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11.7 Percentage of firms with more than 10 employees having Internet and websites 2000
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11.8 Broadband users per 1000 inhabitants 1999-2001
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V. R&D STRUCTURES AND HUMAN RESOURCES



The Swedish national innovation system is at the

top of the OECD rankings in terms of its R&D
expenditure and the number of people engaged in
R&D. Total Swedish R&D expenditure and R&D
man-years increased rapidly in the 1990s and Sweden
went from fourth place to the top of the OECD list
in terms of its R&D investments in relation to the
size of the country. The business sector dominates
total Swedish R&D activities and Sweden’s rapidly
increasing R&D expenditure in relation to its GDP in
the 1990s can be attributed solely to the rapid increase
in business sector R&D investments. University
research expenditure kept pace with the GDP
development, while R&D outside the business and
university sectors stagnated. The Swedish national
innovation system is split into two distinct R&D
performing sectors. Industrial R&D concentrates
largely on a few large multinational and knowledge-
intensive industrial groups, while research outside

the business sector focuses mainly on the largest and
oldest universities. There is a substantial difference

in the relative size of the Swedish R&D system if
comparisons are made in terms of R&D expenditure
or R&D man-years. This difference reveals important
problems with the statistical comparability of R&D
statistics in different OECD countries. It should

thus be a methodological challenge for the OECD
and Eurostat in the further development of data for

innovation system comparisons.

R&D expenditure

In international comparison, Sweden is second in the
world after Israel in R&D when expenditure is expressed
as a percentage of GDP, with total R&D expenditure
amounting to about 4.3 per cent of GDP in 2001. Most
of this R&D work, about 77 per cent, is carried out by
businesses. Compared to other countries, this is a high
percentage, only the USA has a comparable business
sector share. The OECD average was less than 70 per
cent in 2001, figure 12.1.

As shown in part 1v, a distinct feature of the
Swedish R&D system is its split into two performing
sectors, which distinguishes it from most other OECD
countries. The system is dominated on the one hand
by R&D activities in about ten multinational industrial
groups, led by Ericsson and AstraZeneca, and on the
other hand by the R&D activities of Sweden’s largest
and oldest universities. R&D activities in various kinds
of public and private R&D institutes are very limited
compared with most other countries. The same is true
for public R&D activities outside the higher education
sector, figure 12.2.

R&D expenditure trends

R&D activities in Sweden have expanded considerably
during the last two decades. In the early 1980s R&D
increased, followed by a period of stagnation during the
latter half of the decade. During the entire 1990s and up
to 2001 R&D activities grew at a constant and rapid rate.
Among OECD countries, only Finland (and later Israel)
reported a more rapid increase during the 1990s.

During both these expansion periods for Swedish
R&D, the business sector dominated the expansion.
University R&D increased at a steady rate, just ahead
of GDP during the entire 1980s, but stagnated during
the 1990s. The result is that the entire net expansion
of R&D activities during the 1990s was generated

by the business sector. R&D performance in other
organisations has remained on a low level during the
entire twenty-year period, figure 12.3.

Human resources in R&D

Also in terms of R&D man-years Sweden is fourth in
the world in the OECD rankings, in relation to the
size of its population. However, the Swedish leadership
in the OECD is considerably smaller in terms of the
number of people engaged in R&D than in terms of
R&D expenditure. In fact, in terms of R&D man-years,
Finland and Israel have reported higher business sector
R&D activities than Sweden, even though they are

far behind Sweden in terms of business sector R&D
expenditure, figure 12.4.

The rapid business sector R&D expansion in
Sweden in the 1990s can also be seen in terms of R&D
man-years, even though the increase in terms of man-
years was considerably slower than the increase in terms
of expenditure. As a result, the ratio between business
sector R&D expenditure and man-years is very high
in international comparison. The costs of research
man-years in universities are also considerably higher
in the Nordic countries, with the exception of Finland,
than in all other OECD countries. Finnish research
man-years in universities are instead remarkably low in
international comparison.

It is highly unlikely that this significant difference
in cost-labour ratio reflects real differences between
countries. Therefore, the large differences between
data on R&D man-years and R&D expenditure in
different OECD countries put R&D data quality and
comparability at the OECD level in question. This
problem should be seriously looked into by the OECD
and Eurostat in co-operation with different national
statistical agencies.’!
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12.1 R&D expenditure in relation to GDP 2001 12.2 R&D expenditure in Sweden 2001 by performing sector
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The Swedish national innovation system is not at the
top of the OECD rankings in terms of the number of
higher educated people in the population. However,
the situation improved considerably in the 1990s

and early 2000s. The Swedish education system has
increased its focus on higher education and at the
same time increased the education rates considerably
in recent years. As a consequence, Sweden is now
among the leading countries in the OECD in terms
of the rate of increase in the total number of higher
educated people, higher educated natural scientists
and engineers, as well as in terms of the number

of PhDs. The majority of those individuals with a
higher education and PhDs in the Swedish national
innovation system are employed in the public sector.
Of these, most have been educated in social sciences
or humanities. An overwhelming majority of those
with a higher education in natural sciences and
engineering, NSEs, are employed in businesses.
Business sector employment of NSEs is highly
concentrated to knowledge-intensive business services
and high-technology and medium high-technology
manufacturing firms. SMEs belonging to industrial
groups generally have a substantially larger percentage
of NSEs on their payroll than independent SMEs.
Business sector employment of PhDs has increased
substantially in recent decades. PhD employment is
highly concentrated to large industrial groups and

the PhD-intensity in SMEs belonging to industrial
groups is higher than in independent SMEs. This

indicates a considerably higher absorptive capacity in

SMEs within industrial groups than in independent
SMEs. Outside the business sector, universities

and technical colleges dominate in terms of NSEs.
The general labour market mobility rates are not
particularly high in Sweden and the mobility of
researchers from the business sector to universities

seems to be low.

Importance of higher educated human resources
The knowledge and competence of individuals are the
most important resources in innovation. The availability
of competent individuals to a large extent determines the
innovation capacity of innovation systems. Therefore, the
volume, distribution and flows of human resources are
important for the performance of innovation systems.*

The distribution and intensity of higher educated
workers within different industries should be important
determinants for the absorptive capacity for new
knowledge in the firms in these industries. Research
competence is a particularly important capacity in
relations between firms and the science-producing
system. The mobility of human resources can be
considered as an important factor for knowledge transfer,
both within and between sectors.™

Percentage of higher educated people in the
population

In terms of the percentage of total population with at
least a theoretically based tertiary education, Sweden is
ranked twelfth in the OECDs list. It should be noted
that the Swedish education system has historically
been less geared towards theoretical higher educations
than several other OECD countries.* Therefore,
Sweden would be considerably more competitive

in human resources terms if tertiary educations of a

practical or vocational nature were included. In terms
of the percentage of tertiary graduated NSEs of the
total number of graduates from tertiary education,
Sweden is more competitive and is ranked third by the
OECD. Leading countries in this respect are Korea and
Germany, figures 13.1 and 13.2.

In terms of the total numbers of new university
degrees in relation to the population size, the Swedish
performance has improved substantially in the last two
decades, particularly within the field of engineering.
This is partly a consequence of structural changes of the
engineering education system, marked by a shift towards
longer programmes of study, which can more closely
be compared with international standards for higher
education, and partly a result of a volume expansion of
higher education, with a rather strong focus on the field
of engineering.

The Swedish national innovation system has in
the past decade achieved a significant improvement
in performance in terms of generating new research
graduates. In terms of research graduates between
25 and 34 years of age, Sweden is at the top of the
OECD rankings. This indicates that Sweden is taking
active steps to build a foundation for future research
competence in the national innovation system. This is
a consequence of increasing examination pass rates in
the Swedish university system in recent years. Sweden
is particularly competitive in terms of the number
of people with new PhDs in engineering and less
competitive within natural sciences.

Distribution of higher educated people in the
economy

A large proportion of those employed people in Sweden
who have completed a tertiary education, 78 per cent,
are educated in social science, humanities or in some
other field than natural science or engineering. About 55
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per cent of the higher educated workers in Sweden are
employed in the public sector and about 45 per cent in
the business sector. In the public sector, a large majority
of those with a higher education have studied social
science or the humanities, while NSEs are in majority,
59 per cent, in the business sector.

In 2000, 145,194 employees in Sweden were
higher educated NSEs, which represented 22 per cent
of the total stock of higher educated employed in the
Swedish economy. A large majority of these, 83 per
cent, were employed in businesses, about 6 per cent
in the higher education sector, 1 per cent by other
services, while about 10 per cent were employed in
public authorities and other non-business organisations.
The largest NSE-employing sector in the Swedish
economy is that of KIBS firms. In 2000 about 42 per
cent of the NSEs employed in firms were employed in
knowledge-intensive business services (KIBS), which
was considerably more than in manufacturing industry,
where 33 per cent of the NSEs were employed,*
figure 13.3.

Within the business sector, KIBS are also clearly
the most NSE-intensive of all industries. The highest
knowledge intensity is shown by R&D firms. In
manufacturing, the high-technology and medium high-
technology industries dominate NSE employment.
These industries are also considerably more knowledge-
intensive than other manufacturing industries in
terms of the percentage of NSEs. There is thus a
close correspondence between the high-technology
manufacturing classification by the OECD, based on
R&D intensities, and the knowledge intensity measured
in terms of NSE employment, figures 13.4.and 13.5.

Knowledge-intensive SMEs in services generally
have a higher NSE-intensity than manufacturing
SMEs. SMEs belonging to industrial groups generally
have a substantially higher percentage of NSEs than
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independent SMEs. This indicates a considerably
higher absorptive capacity for SMEs within industrial
groups than in independent SMEs. However, there is a
considerable number of very small independent SMEs
run by NSEs, particularly in KIBS-industries. These

firms should be of considerable interest to innovation

policy.

Distribution of research graduates in the economy
The total number of PhDs and licentiates employed
in the Swedish economy in 2000 was 36,097. The
majority of these were employed in the non-business
sector, primarily in universities. In the business sector,
the majority of PhDs were employed in KIBS firms.
In the late 1990s, the number of PhDs in the business
sector increased considerably. From a relatively stable
percentage of around 35 per cent of total employment
of PhDs in the 1980s and early 1990s, the business
sector share of PhDs increased to 45 per cent in 2000,
figure 13.6.

In the manufacturing sector, high-technology
and medium high-technology industries dominate
employment of PhDs. The majority of the PhDs
in manufacturing industry are employed in the
telecommunications, instrument, transport equipment,
pharmaceutical and machinery industries. In the service
sector, KIBS industries dominate PhD employment.
A large percentage of the overall number of PhDs
employed in services work for R&D firms, figures 13.7,
and 13.8.

An overwhelming majority of all PhDs in the
business sector are employed by large firms. Of the
overall business sector employment rate for PhDs in
2000, large firms accounted for 71 per cent. Moreover,
the concentration to industrial groups is even stronger

than for higher educated NSEs.

Human resources mobility

Swedish labour market mobility shows a relatively low
rate of inter-firm job mobility by international standards.
About 5-10 per cent of employees change employers
once a year and the average employee spends 10.5 years
in the same job. This may be a consequence of Sweden’s
relatively strict employment protection legislation,
which may stimulate employees to stay in their jobs,
because of the resultant loss of job protection associated
with mobility.*® It should also be noted that there has
been a sharp decline in inter-firm job mobility by older
employees. This reveals some important structural and
incentive rigidities in the Swedish labour market that
tend to lock older employees into rather fixed positions
on the labour market.””

A comparison of mobility patterns between
Sweden, Finland and Norway shows quite similar
general patterns of human resources mobility. In general,
internal flows within the same sector are considerably
larger than flows between sectors. One difference
between the Nordic countries is a wider sectoral
distribution of the flows of higher educated employees in
Sweden than in Finland and Norway. This is a reflection
of the larger Swedish manufacturing sector, from which
substantial mobility rates have developed in recent
decades. However, in relative terms, considering the
structural differences between the three countries, there
are strong similarities in terms of the distribution and
mobility of higher educated employees within the three
national innovation systems.*®

A special study of the return mobility to universities
of research graduates that were employed at universities
three years after their PhD examination shows rather
low figures. Of all PhDs employed at a university in 1993
and with a PhD degree from 1990 within natural science
or engineering, about 10 per cent went back to work in
universities some time during the period 1994—2000.%
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VI. FINANCING AND INCENTIVE STRUCTURES



R&D financing in the Swedish national innovation
system is dominated by the business sector. Business
sector R&D financing is dominated by a small
number of large multinational manufacturing
industrial groups with a large R&D base in Sweden.
As a consequence of the rapidly increasing R&D
expenditure in the Swedish business sector in the
1990s, the Swedish share of business sector R&D
financing is the highest in the OECD. Accordingly,
Swedish public sector R&D financing represents a
small proportion of total R&D financing in Sweden
by international standards. However, in relation to
GDP, Swedish public sector R&D financing is high
by international standards. Swedish public sector
R&D financing is heavily focused on curiosity-driven
university research. Financing of mission-oriented

research decreased considerably during 1970—2003.

Total financing of R&D
Most R&D activities carried out in Sweden are financed
by the business sector. The same is true for most OECD
countries, but the share of business sector financing is
particularly high in Sweden. Only Japan and Korea have
a higher proportion of business sector R&D financing.
If R&D activities carried out abroad but financed
from Sweden are taken into account, a more complete
picture of the financing structure is obtained. Of all
Swedish-based financing of R&D activities, whether
carried out inside or outside Sweden, the Swedish
business sector finances 77 per cent. This is primarily
financing of R&D activities carried out in the business
sector in Sweden. However, more than one quarter of
the R&D financing from the Swedish business sector
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goes towards financing R&D activities abroad. Only a
little over one per cent of total business-financed R&D
goes towards R&D at Swedish universities and colleges,
figure 14.1.

The Swedish public sector represents 18.5 per cent
of all R&D financed by Swedish sources and 21 per
cent of all R&D activities carried out in Sweden. This
is primarily financing research at Swedish universities
and colleges. However, about one fifth goes towards
financing business sector R&D. Most of this concerns
defence-related R&D activities carried out by large
multinational industrial groups in Sweden.

Business sector R&D financing

Business sector R&D financing increased rapidly in

the 1990s and generated virtually all of the net increase
reported in the rapidly growing business sector and total
R&D performance in Sweden since 199r. This led to
Sweden advancing from fifth place in 1981 to third place
in 1991 and later to second place in 2001 in OECD’s
rankings for total R&D financing in relation to GDP,
figure 14.2.

In the process, the proportion of business sector
financing of total R&D activities carried out in Sweden
rose from 55 per cent in 1981 to 62 per cent in 1991 and
72 per cent in 2001. The corresponding proportions for
government financing of R&D decreased from 42 per
cent in 1981 to 34 per cent in 1991 to 2I per cent in 2001

During 2002 and 2003 two of Sweden’s leading
players in R&D, Ericsson and ABB, radically reduced
their R&D investments, due to severe financial
problems. Other industrial groups in Sweden seem to
have kept their R&D levels relatively constant. This
reduced total business sector R&D investments by about
8.5 per cent, with the result that Swedish business sector
R&D expenditure in 2002 fell from 3.3 per cent of GDP
in 2001 to about 3.0 per cent of GDP in 2002. The

reduction of R&D resources continued in 2003 and will
continue in 2004, and this, in turn, is expected to lead
to further reductions in overall Swedish business sector
R&D in the near future.

Engineering research in universities and R&D
institutes will be particularly affected by this process,
since their dependence on business sector financing is
considerably higher than is the case for research in other
scientific fields, figure 14.3.

Public sector R&D financing

As noted above, Swedish government R&D financing
represents a relatively small proportion of the overall
financing of R&D activities in Sweden, about 21

per cent. However, since overall R&D expenditure

in Sweden is large in international comparison, the
relatively small proportion of public shares of total
financing nevertheless represent quite high levels in
relation to GDP, figure 14.4.

In fact, despite a rather stable, and even declining,
level of governmental R&D financing in relation to
GDP in Sweden 19812001, Sweden advanced from
sixth to second place in the OECD rankings in terms
of governmental R&D financing. The reason for this
is that most countries showed stagnating or declining
levels of government R&D financing in relation to
GDP during the period 1981—2001. Finland and Israel
were the major exceptions, with rapidly increasing levels
of governmental R&D financing. However, analysis
of government budget data shows that Sweden has
in recent years been passed by the USA, Finland and
France in terms of total governmental R&D financing
in relation to GDP.

Purpose of government-financed R&D
In Sweden, about 85 per cent of all publicly financed
research is performed within universities. Only



Switzerland and Turkey show similarly high rates. Other
OECD countries are far from the Swedish concentration
of public research resources to the universities. And,
Japan, the USA and France put almost as much public
research resources outside as inside the universities.
This pattern of the Swedish research system is part
of the explanation behind the scientific performance
of the Swedish research system, measured in terms of
scientific publications. Swedish public research resources
are heavily focused on investments in such research
that leads to international publications and, thereby, to
academic careers for the researchers.®

Despite the relatively large governmental R&D
investments in Sweden, mission-oriented, or strategic,
research investments are quite small in international
comparison. Thereby, the percentage and volume of

14.1 R&D in Sweden hy financing and performing sector 2001 (SEK bn)

governmental R&D funding devoted to economic
development is low in international comparison.
Governmental research investments are dominated by
basic university funds aimed at general advancement of
knowledge through research in universities and colleges.
This also explains the internationally high share of
university research in Sweden, figure 14.5.

Private non-profit R&D financing

Apart from the Government, semi-public or private
non-profit research foundations are quite important
financers of R&D in the Swedish R&D system.
Particularly important among these are the wage-earner
funds, but also some major private research foundations.
The research foundations’ financing of R&D in Sweden
amounts to approximately SEK 1.5 billion per year,

Per cent of GDP

which corresponds to about 0.08 per cent of GDP in
Sweden. This means that they represent about 10 per
cent of the total volume of R&D financing from public,
semi-public and private non-profit sources.

Private non-profit R&D financing in Sweden
is primarily used for financing different kinds of
mission-oriented R&D. Even if the figures for semi-
public financing are added to the overall figures for
governmental financing, total publicly and semi-publicly
financed civilian mission-oriented R&D in Sweden have
still fallen in the 1990s. It did not keep pace with the
moderately increasing governmental financing of general
scientific development. Nor has it kept pace with the
governmental resources invested in mission-oriented
R&D in other countries, figure 14.6.

14.2 R&D financing in relation to GDP 1981-2001
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14.5 Governmental R&D financing in relation to GDP 2002
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14.4 Government-financed R&D in relation to GDP 1981-2001
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14.6 Governmental and semi-public research foundation R&D financing in Sweden 1986-2002
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The Swedish national innovation system was for
most of the period 1970—2003 characterised by an
underdeveloped venture capital and seed-financing
market. It has only very recently attracted substantial
volumes of capital. It is, however, still characterised
by institutions that have not yet fully matured and the
actors are still developing in terms of competence and
structures. The pre-seed and initial seed-financing
stages present a great innovation policy challenge in
all countries. Because of the very high risks involved
in the initial stages of start-up commercialisation,
there is generally a significant market failure related
to this stage of the innovation process. Since the
public benefits from a high flow of potentially high
value-adding, new knowledge-based firms, public
pre-seed and early stage commercialisation financing
is an important part of efficient innovation systems.
Such financing has been very limited in Sweden in
the period studied and in recent years it has fallen to

extremely low levels.

Total venture capital and seed-financing
Venture capital and seed-financing increased rapidly
in the 1990s in most OECD countries. Sweden was
among the countries that experienced the most rapidly
increasing volumes of venture capital. In many countries,
venture capital started to decrease in the early 2000s,
particularly in the USA and Iceland. In 2002, the
Swedish venture capital market was the largest in the
OECD, in relation to GDP, figure 15.1.

This was a considerable improvement compared
to the mid-1990s, when Sweden’s international position
was much worse. Before the second half of the 199o0s,

the Swedish venture capital market was quite small and
institutionally underdeveloped, figure 15.2.

Early stage seed-financing

A quite small but increasing proportion of the Swedish
venture capital market focuses on early stage financing,
while the majority focuses on expansion stages. However,
early stage venture capital is nevertheless relatively

high in Sweden. The latest available data reveals that a
comparatively small proportion of the venture capital

in Sweden is directed towards high-technology areas,

figure 15.3.

Pre-seed financing

The level of high-risk pre-seed financing, based on
different kinds of grants, rather than ownership prin-
ciples, has in most countries increased at a considerably
slower rate than the venture capital market. Since private
capital is generally reluctant to finance the initial stages
of the commercialisation process in start-up ventures,
there is generally a significant market failure rate at these
stages. A substantial part of such seed-financing is in
most countries provided by public sources. The Swedish
national innovation system does not seem to have been
particularly well equipped with public pre-seed financing
mechanisms.

Further, such high-risk pre-seed financing actually
declined and virtually disappeared in the early 2000s,
which has considerably worsened Sweden’s international
performance in terms of investments in the initial stages
of the start-up commercialisation processes,®! figure 15.4.

Incubators, science parks and university spin-off
organisations

The Swedish support structure for stimulating the
commercialisation of R&D through start-ups and the
growth of such firms is fragmented, nationally and

regionally. The Swedish university sector has shown a
general inefficiency in promoting spin-offs of research-
based firms. Moreover, the numerous organisations that
focus on similar or related issues often lack a critical level
of financial resources, relevant business competence and
a highly professional organisation.®

On the public side of this support, a general lack of
national and regional structures for stimulating the early
steps towards commercialising R&D-based inventions
has been an important weakness. Thereby, a loosely
connected structure of technology and science parks
has evolved, for which the financial resources, business
competence and national co-ordination and support
have failed to reach critical mass.

Swedish universities, with a few exceptions, have
not developed professional structures and organisations
for stimulating the commercialisation of university
research. Moreover, the Government has not allocated
any substantial funding for such activities at or around
universities, though universities have been urged to
engage in activities that would make use of research
results for the benefits of society. However, as shown
in chapter 6, university spin-ofts have not been a major
source of new technology-based firms in Sweden. And,
it does not seem that the Swedish university sector has
been particularly efficient in generating knowledge-
based firms, compared to other countries.
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15.4 Supply of government funds to the VC industry in relation to GDP average 1989-1999
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During the period 1970—2003, the Swedish national
innovation system primarily generated incentive
structures that were favourable to productivity
improvements and growth in large manufacturing
groups. The knowledge-intensive Swedish manu-
facturing industry has been spurred to continuously
rationalise production processes. General tax
structures, wage structures, public attitudes and
public-private partnerships have all been stimulating
to large firm capital accumulation and growth in
Sweden. General incentives for starting firms and
generating SME growth in Sweden have been much
weaker. Moreover, the pre-seed and initial seed-stage
financing of R&D-based start-ups has remained low
and even declined in Sweden in recent years. The
general incentive structures in the publicly funded
—and to a large extent university-based — Swedish
research system do not provide strong incentives

for knowledge interaction and learning between
university researchers and businesses, public sector
services or between different university departments,
within or between different universities.

Macroeconomic conditions
To a large extent, general macroeconomic conditions
determine the general business climate, which, in turn,
influences the innovation climate in national innovation
systems. There are several links between general
macroeconomic conditions and innovation incentives.
Three major links of this kind are public deficits,
inflation and interest rates.

Swedish public deficits were relatively high
compared to many other OECD countries in the 1980s.

In the 1990s, Swedish public deficits rose, as in all other
OECD countries, due to the economic crisis in the early
years of the decade. However, Swedish public deficits
rose rather rapidly in international comparison. In the
early 2000s, Sweden has improved its budget balance
considerably and more efficiently than most countries,
figure 16.1.

The Swedish inflation rate followed average
international levels in the 1970s, which in most countries
meant very high levels compared to the present situation.
In the 1980s and the early 1990s, the Swedish inflation
rate was high in international comparison, although
declining in line with the general international trend.

In the late 1990s and the early 2000s, Sweden’s inflation
rate was in line with the inflation rate in most other
OECD countries, as a consequence of a purposeful
policy to reduce inflation, figure 16.2.

For most of the period studied, Sweden’s real

interest rates were on a par with the OECD average.

In the 1970s, international real interest rates were low

or even negative, due to high inflation rates in most
countries. Real interest rates rose considerably in the
1980s and the 199o0s and have been relatively high in
Sweden. Compared to increasing stock market values
however, the interest rate has been low in the past
decade, which has stimulated increased savings in stocks
and shares,® figure 16.3.

The exact impact of the macroeconomic conditions
and the macroeconomic development are difficult to
analyse in detail, since they simultaneously influence
numerous interrelated economic factors. However, some
general observations can be made. Firstly, the substantial
macroeconomic imbalances in the Swedish economy
that were generated in the 1980s and which had roots
dating back to the 1970s, had a major influence on overall
Swedish economic activities both in the 1980s and in the
1990s. Secondly, a major feature of the macroeconomic

situation in the 1980s was one of increasing public debts
and subsequent devaluations of the currency to improve
industrial competitiveness. Thirdly, a severe economic
crisis in the early 1990s cleared out many of the least
productive production units in the Swedish economy.
Finally, a purposeful and efficient Swedish public budget
policy in the 199os has strengthened the Governmental
budget and contributed to low inflation and interest
rates.*

From these observations, a few hypotheses can
be raised regarding the incentive impacts of these
macroeconomic developments on innovation and
economic renewal patterns in Sweden. Firstly, it is likely
that different industrial policy and macroeconomic
stimulations in the 1980s, such as sectoral subsidies,
currency depreciation and increased public spending
contributed to a slowdown of innovation rates and
economic renewal in Sweden. Secondly, the long-term
instability of the macroeconomic situation may have
tended to favour and encourage entrepreneurship in
financial activities and industrial restructuring rather
than entrepreneurial activities that focused on generating
new value through innovation activities.

Finally, the radically improved macroeconomic
situation in Sweden in the late 1990s and the early 2000s
has been an important step towards building a strong
platform for a successful innovation and growth policy in
Sweden.®

Company taxes and regulations

Swedish tax structures have been particularly favourable
to large-firm capital accumulation and growth in
Sweden. Company taxes have been low in international
comparison, which was based on a policy aiming to
generate strong incentives to re-invest capital in the
firms, in order to stimulate further innovation and
growth in established firms. In line with this policy, taxes
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on dividends to shareholders have been high, as have
personal income taxes,* figures 16.4 and 16.5

Moreover, taxes related to new firm start-ups and
the initial stages of small firm development should
have generated considerable disincentives to start-up
ventures. Swedish tax rules related to closely-held firms
are particularly unfavourable to fast-growing firms.*’
Despite some recent improvements, the risk reward
for starting and growing new firms in Sweden is still
relatively unfavourable to such entrepreneurial ventures.
On the other hand, bankruptcy rules have been modified
and now involve considerably lower personal risks.

Still, general attitudes in Sweden seem to be the
most sceptical in Europe towards risk-taking and the
most critical to entrepreneurs who have failed.*® The
problems with taxes related to start-ups and early stages
of SME growth are now widely recognised and proposed
to change. Some measures have also been taken towards
such changes, although no new comprehensive tax
structure design has yet been presented for and discussed
in the Parliament.

As a result, the general Swedish tax incentive
structures should have favoured capital accumulation in
large established firms, rather than capital investments
in start-ups and new ventures. While this should have
been an efficient method of promoting growth in the
existing industry, it should have generated tendencies
of technological and industrial lock-in effects, which
may be hampering to radical innovation and industrial
renewal.

There is reason to believe that the incentive
structures generated by this tax system were adequate
and efficient in periods with relatively slow renewal and
structural change, but that it might be less adequate for
a situation which requires greater innovation rates and
structural renewal in which start-ups and SME growth
should become more important.”
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Further, the Swedish regulation structures have
probably generated relatively weak incentives for
start-ups and SME growth, although considerable
improvements have been achieved in recent years.”
Given that large firms have much larger administrative
resources than SMEs, the Swedish regulation structures
should not have generated particular disincentives for
large firm industrial activities in Sweden.”

Labour market incentives

Another important incentive structure in the Swedish
national innovation system has been the relatively high
low-wage profile and low salary spread on the Swedish
labour market. As a consequence of the breakdown of
the central salary negotiations in 1983, the salary spread
has increased considerably in Sweden. However, the
Swedish salary structure is still highly concentrated in
international comparison.”

This has been the result of a long-standing
principle, based on the Rhen-Meidner model for
salary development, established in the 1960s, which has
since been adopted as a basic profile of labour market
agreements between employer organisations and labour
unions. This model was particularly important in the
first half of the period, but also continued to influence
Swedish labour market negotiations in the later part of
the period.”

A condition for the application of this model was
centrally co-ordinated salary negotiations. Sweden has
a tradition of an exceptionally high degree of union
participation among both blue-collar employees and
white-collar staff, as well as a high degree of employer
membership in the central employer organisation.
Therefore, the labour market organisations have not only
had a vested interest in, but also to a large extent been
carriers of, the Swedish labour market, which thus have
been characterised by a high degree of corporativism.”

As a consequence of these labour market structures,
the incentives to focus on high rates of process
innovations have generally been strong in Swedish
industry. As a result, Swedish manufacturing industry
has been characterised by high labour productivity,
based on highly competitive production processes and
organisation. This kind of restructuring pressure on
Swedish industry was also intended by the architects
of this wage policy. While it has been highly effective
in generating an efficient flow of manufacturing
process innovations, it may not have been as efficient in
stimulating product innovation investments in Swedish
industry.”®

Innovation investment incentives

Direct R&D-related incentives in terms of tax credits
for R&D costs have not been present in the Swedish
national innovation system since 1983, when such a
system was abolished. The reason for the abolition of
this system was that international evaluations indicated
a very low impact on real net R&D investments in
businesses.”” Also, since the tax credit could only be
claimed by firms with a taxable income, the system
discriminated against new start-up firms. Despite the
absence of a direct tax credit, tax deductions are in any
case possible in firms with large turnover and significant
total investments, which to a certain extent permit tax
deduction.

Another important set of incentive structures in the
Swedish national innovation system relates to university
research. Swedish universities are supposed to be the
dominating research base for both scientific development
and for the benefits of the Swedish industry and public
sector. According to the Swedish research policy
doctrine, universities are supposed to perform functions
in relation to society as a whole that in most other
countries are carried out by R&D institutes. However,



this “third mission” of the universities was not explicitly
stipulated by law until the late 1990s.”

Despite the expectations on interactions between
universities and society at large, the general incentive
structures in the publicly funded and university-based
Swedish research system have not provided strong
incentives for knowledge interaction and learning
between university researchers and businesses or public
sector services.”” Even the incentives for interaction
between different university departments, within or
between different universities, are not particularly
strong, since the main principle for research resource
allocations relates to well-established scientific fields.*
A consequence of this structure is that more radical
renewal within the research system may be hampered.

16.1 Gross government deficits in relation to GDP in different countries 1980-2002

No. Country 1980-1989|Country 1990-1994|Country 1995-1999|Country 2000—2002
1|Finland 17|Norway 33|Norway 29|Norway 27
2|Iceland 30|Finland 41]lceland 53|Iceland 45
3[Norway 34|Germany 43|Portugal 59|UK 51
4|France 36|France 46|UK 60|Finland 51
5|Germany 39|Iceland 47|Germany 61|Denmark 53
6[Spain 40{UK 50(Finland 63[Netherlands 54
7|Greece 43|Spain 57|France 67|Portugal 56
8|Austria 48|Portugal 59|Austria 67|USA 60
9|Portugal 50|Austria 60|USA 70|Germany 61

10[UK 54|Sweden 67|Netherlands 70|Sweden 62
11[USA 56|Japan 71|Denmark 72|France 66
12(Sweden 61|USA 72|Spain 79|Austria 67
13|Canada 62|Netherlands 77|Sweden 80|Spain 69
14|Netherlands 64[Denmark 78|Canada 97|Canada 82
15[Japan 68|Canada 88|Japan 103|Greece 106
16/Denmark 71|Greece 94|Greece 108/Belgium 108
17| ltaly 84|ltaly 124|Belgium 125]Italy 122
18|Belgium 111|Belgium 133|ltaly 133|Japan 141

Source: OECD, MEI, 2003

16.2 Inflation rates in different countries 1971-2002, per cent

No. [Country 1971-1980 |Country 1981-1990 [ Country 1991-1995 | Country 1996-2000 | Country 2001-2002

1[Switzerland 5.0 |Japan 2.1 |Japan 1.4 [Japan 0.3 |Japan -0.8
2|Germany 5.1 |Netherlands 2.5 |Denmark 2.0 |Sweden 0.7 |Switzerland 0.8
3 [Austria 6.2 |Germany 2.6 [New Zealand 2.1 |Switzerland 0.7 |Germany 1.7
4| Luxembourg 6.7 |Switzerland 3.4 [France 2.2 |France 1.2 |[UK 1.7
5 [Netherlands 7.3 [Austria 3.5 |Finland 2.3 |Germany 1.3 |France 1.8
6|Belgium 7.4 |Luxembourg 4.5 |Canada 2.3 |Austria 1.3 [Belgium 2.1
7|USA 7.9 [Belgium 4.6 [Norway 2.4 [New Zealand 1.4 |Netherlands 2.1
8|Canada 8.1 |USA 4.7 | Belgium 2.5 |Finland 1.5 [Finland 2.1
9|Norway 8.4 [Denmark 5.9 | Australia 2.5 [Luxembourg 1.6 |Norway 2.2
10 [Japan 9.1 |Canada 6.0 [Ireland 2.5 |Belgium 1.7 |[USA 2.2
11 |Sweden 9.2 |France 6.4 |Netherlands 2.7 [Canada 1.7 [Austria 2.2
12 |France 9.7 UK 6.6 | Luxembourg 2.8 |Australia 1.9 [Luxembourg 2.4
13 |Denmark 9.9 |Finland 6.6 |lUSA 3.1 |Netherlands 2.1 |Denmark 2.4
14 |Australia 10.4 [Sweden 7.7 | Switzerland 3.2 |Norway 2.3 |Canada 2.4
15 [Finland 11.2 |Norway 7.7 | Austria 3.2 [Denmark 2.3 |Sweden 2.5
16 [New Zealand 12.5 [Ireland 7.9 |UK 3.4 |ltaly 2.4 |ltaly 2.6
17 [Ireland 13.7 |Australia 8.1 |Germany 3.6 |USA 2.5 [New Zealand 2.7
18 [UK 13.8 [ltaly 9.7 |Sweden 4.5 |Ireland 2.6 |Australia 3.7
19 [ltaly 14.0 |New Zealand 10.8 |Italy 5.1 [UK 2.7 [Ireland 4.8

Source: OECD, MEI, 2003
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16.3 Real interest rate in different countries 1971-2002, per cent
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No. | Country 1971-1975 | Country 1976-1980 | Country 1981-1985 | Country 1986-1990 | Country 1991-1995 | Country 1996-2000 | Country 2001-2002
1 [ Denmark 3.8 | Denmark 7.3 | Denmark 8.5 | Ireland 7.0 | Finland 7.8 | New Zealand 5.5 | Norway 4.0
2 | Germany 2.9 [ Austria 3.5 | USA 6.7 | Belgium 6.6 | ltaly 7.0 | Sweden 5.2 | New Zealand 3.8
3 | Austria 1.2 | Germany 3.4 | Australia 5.8 | Denmark 6.4 | Australia 6.6 | Australia 4.6 | UK 3.2
4 | France 0.4 | Belgium 3.3 | Belgium 5.4 | Netherlands 6.3 | Denmark 6.4 | Canada 4.3 | Germany 3.1
5 | Canada 0.2 | Netherlands 2.7 | Canada 5.3 | ltaly 6.2 | New Zealand 6.1 | Austria 4.1 | France 3.1
6 | USA 0.2 | Switzerland 1.8 | UK 5.0 | France 6.1 | Canada 6.0 | France 4.1 | Canada 3.0
7 | Sweden 0.0 | Japan 1.3 [ Japan 4.9 | Norway 6.0 | Ireland 6.0 | Finland 4.1 | Netherlands 2.9
8 | Luxembourg 0.0 | Canada 0.9 | France 4.8 | Germany 5.6 | Norway 5.9 | Germany 4.0 | Belgium 2.9
9 | Ireland 0.0 | France 0.8 | Netherlands 4.8 | Finland 5.5 | France 5.6 | Luxembourg 3.8 | Finland 2.9
10 | Netherlands -0.3 | Sweden 0.0 | Germany 4.7 | Canada 5.3 | Belgium 5.6 | Italy 3.8 | Austria 2.8
11 | Belgium -0.6 | Luxembourg 0.0 | Sweden 4.1 | Sweden 5.3 | Sweden 5.3 | Belgium 3.7 | Denmark 2.7
12 | Norway -1.7 | Ireland 0.0 | Austria 4.0 | Austria 5.2 | UK 5.2 | Norway 3.7 | Sweden 2.7
13 | Switzerland -1.8 | Norway 0.0 | Italy 3.6 | Australia 5.1 | Netherlands 4.7 | Denmark 3.5 | USA 2.6
14 | UK -2.4 | USA -0.1 | Norway 3.5 | New Zealand 4.7 | Austria 4.3 | USA 3.5 | Switzerland 2.5
15 | Australia -2.6 | Australia -0.5 | Finland 2.6 | USA 4.4 | Germany 3.7 | UK 3.5 | ltaly 2.5
16 | Finland -3.1 | Finland -0.5 | Ireland 1.5 | UK 4.3 | USA 3.7 | Ireland 3.1 | Luxembourg 2.4
17 | Italy -3.5 | UK -1.5 | New Zealand 1.5 | Japan 4.0 | Japan 3.4 | Netherlands 3.1 | Australia 2.1
18 | Japan -4.0 | ltaly -2.6 | Switzerland 0.4 | Switzerland 2.3 | Switzerland 2.2 | Switzerland 2.7 | Japan 2.1
19 | New Zealand -4.4 | New Zealand -4.2 | Luxembourg 0.0 | Luxembourg 0.0 | Luxembourg 2.1 | Japan 1.8 | Ireland 0.2
Source: OECD, MEI, 2003
16.4 Corporate rate taxes 2001-2003, per cent 16.5 Effective average corporate tax rates 1991-2003
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