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Figure 2.1.7 R&D intensity (%), latest available year (1)
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Figure 2.1.8 R&D intensity (%) — average annual growth, 1995 to latest available year (1)
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What are the structures of R&D financing and
performance in the EU?

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

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

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

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

In the EU, R&D conducted by the government sector
accounted for less than 14% of total R&D in 2000 (figure
2.1.13). The figures for the US and Japan were even lower, at
below 10%. What is notable here is that the government
sector was the only sector of R&D performance where the
volume of R&D in 2000 (22.4 billion euro) was higher than
in the US (21.5 billion euro).
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Figure 2.1.13 R&D expenditure by main sectors of performance, latest available year (1)
Countries in decreasing order according to the share (%) of the business sector
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Finally, four categories may be identified, whereby EU coun-
tries are clustered on the basis of the structure and patterns of
R&D financing and performance:

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

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

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

2) Innovation/R&D system on industry—public

sector axis

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

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

Germany’s system is a mixture of categories 1 and 2 in
the sense that the system there is dominated by the busi-
ness sector, with a share of total R&D expenditure at
65% (1999), and a share of total R&D financing in
excess of 71% (2001).

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

Austria’s R&D system is clearly more centred on the
industry-higher education axis than in the other countries
in this group. The business sector share of R&D funding
and performance is also comparatively moderate and
below the EU average (resembling that of group 3).
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Figure 2.3.7 Government intramural expenditure on R&D - average annual real growth (%),
1995 to latest available year (1)
Government R&D expenditure in 2000
(€ million, in current terms) (3)
Portugal | 125 228
Greece [ 7.6 173
Belgium [ 5.0 153
Finland | 3.7 468
Spain | 3.5 971
Denmark | 29 516
Sweden [ o 2.9 289
Japan 25 15216
Netherlands £ 1.9 1250
us J= 0.9 21 525
Italy 0.8 241
Germany 0.7 6818
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EU-15 (2) mo.2 22 420
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Source: DG Research
Data: OECD, with DG Research provisional estimates
Notes: (1) D, E, I: 1995-2001; B, DK, EL, NL, P, S: 1995-1999; F: 1997-2000; A: 1993-1998; all other countries and EU-15: 1995-2000.
(2) EU-15 calculated by DG Research; L data are not included in the EU-15 average. (3) B, DK, EL, NL, P, $: 1999; D, E, |: 2001;
A: 1998.
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The growth rate recorded for Japan (2.5%) was substantially
higher than the EU average and the US (figure 2.3.7). Japan has
slightly narrowed the gap between itself and the EU and the US
in terms of R&D performance by public sector research insti-
tutes. This is apparently so in spite of the fact that both the econ-
omy and GDP growth in Japan have stagnated since 1997.

The low rate of growth for the EU is mostly due to poor perfor-
mance by the UK and France, as discussed previously. These two
countries, which together accounted for approximately 40% of
EU-level GOVERD, spent a total of PPS 825 million less in real
terms (636 million euro less in current terms) on government
sector R&D in 2000 than they did five years earlier. Italy still
lags behind the 1991 absolute volume of GOVERD in real terms.
In Germany, although R&D spending by public sector research
institutes has not increased much in relative terms (0.7%), the
development in absolute terms has been fairly favourable (from
PPS 5.4 million in 1997 to over 5.7 billion in 2001).

Government contribution to public sector
research institutes is diminishing

Figure 2.3.8 and table 2.3.1 show expenditure on R&D by the
government sector by source of funds in 1999 and the aver-
age annual real growth of financing by source of funds in the
1990s. Although most of the funds for public sector research
institutes come from govemmental sources (65-96% of all

the funds, depending on the country concerned), certain inter-
country differences remain apparent in the EU. The share of
GOVERD financed by government is the highest in the US
and in Japan. In the EU, share of governmental sources of
GOVERD is clearly at a lower level at around 85%.

The business sector has played an increasing role in the funding
of public sector institutions. In 1999, business sector funding
accounted for almost 9% of GOVERD in the EU. In addition,
the growth of business sector funding has increased substan-
tially at a real annual rate of 8.3% in the 1990s (table 2.3.1). The
highest annual growth rates of businesses financing were
recorded for Denmark (10%), Spain (9%) and France (3%). In
the Netherlands, the upward trend in GOVERD in the 1990s
was due mostly to an increase in business sector funding.

This development indicates that a prominent recent feature of
the EU research has been the growing role of the business
sector, not only as a performer, but also as a financier of research
(see Section [ and Chapter 3). The increased share of funding by
business enterprises also indicates that firms are willing to
exploit the research performed by the government sector. This
is linked to the strong growth of R&D outsourcing (e.g. How-
ells & James 2001). In addition, public sector research institu-
tions are eager to get additional funding for R&D by intensify-
ing collaborative efforts with the business sector, and by
commercialising their knowledge base.



Figure 2.3.8 Government sector R&D expenditure by source of funds, 1999
Countries in decreasing order according to the share (%) of direct government funding
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Table 2.3.1 R&D conducted by the government sector — annual average real growth (%)
of financing by source of funds, from 1991 to latest year available (1)

Total financing | Financed by direct Financed by Financed by Financed by Financed by

government business enterprise funds from abroad  higher education private non-profit

Belgium 3.0 2.5 -4.1 12.9 : -18.0
Denmark 3.4 3.0 9.6 7.1 : 2.2
Germany 1.1 1.0 -4.8 8.4 2 5.8
Greece 2.1 0.8 4.6 5.2 : :
Spain 0.2 -13 8.5 18.7 : 18.5
France (2) -1.5 -2.5 8.5 0.5 14.2 17.0
Ireland 1.0 2.5 -3.6 -2.9 : -
italy (3) -2.7 -2.8 -0.3 -0.9 : :
Netherlands 1.1 -0.7 4.8 4.5 4.7 10.2
Austria ; : : : : :
Portugal (4) 9.4 10.9 0.1 -5.0 : 57.9
Finland 1.3 0.0 4.4 19.9 : 2.2
Sweden (5) 2.3 1.8 3.5 13.2 12.1 39.9
-2.4 6.6 10.7 ; -4.5

44 | 4.5

Source: DG Research

Data: OECD, with DG Research provisional estimates

Notes: (1) Data cover the following years: US: 1991-2000; D, IRL: 1992-2000; F, P: 1992-1999; DK, E, EL, FIN, 1, JP, NL, UK: 1991-1999;
B, S, EU-15: 1993-1999. (2) F: break in series between 1997 and the previous years for the government sector. (3) I: breakdown
by sector for 1999 extrapolated by DG Research. (4) P: break in series between 1997 and the previous years for the government
sector and for abroad. (5) S: break in series between 1997 and the previous years for the government sector. (6) UK: breakdown
by sector for 1999 extrapolated by DG Research. (7) A and L data are not included in EU-15 average.

: Data not available.
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‘Research financed from General University Funds’ (GUF).
This category accounted for over 28% of the total increase in
government budget investments in R&D.

‘Research financed from General University Funds’ is the
largest of the R&D budget items, accounting for over 31% of
total GBAORD in 2000. It has also been a major factor in
GBAORD growth in the EU in 1995-2000. GUF accounted for
almost a third of the total growth of govemment-financed
research. In the Netherlands, Denmark, Portugal, Finland, and
Greece, GUF was clearly the major source of growth in
GBAORD. In the Netherlands, university funds accounted for
61% of the total increase in government R&D funding in the
period 1995-2000. In Italy and Belgium, government funding
increased particularly in the area of ‘Technological objectives’,
or more specifically, in the NABS category of ‘Industrial pro-
duction and technology’. In Italy and Belgium, this category
accounted for 59% and 48%, respectively, of total GBAORD
growth (see the next section for more on the impact of different
socio-economic objectives on GBAORD).

Compared to US growth over the 1995-2000 period, the rel-
ative growth of R&D support in government budgets was
slower in three of the four major EU economies (D, F, UK)
(figure D1.1.4). Of the major EU economies, only Italy (2%)
managed to maintain a faster growth rate than the US, and to
record a higher rate than the EU average. Through these
efforts, Italy has compensated — at least partially — for large
cutbacks in its R&D budget earlier in the decade.

In spite of this positive development, Italy remains part of the
group of five countries, comprising the four main EU
economies and Sweden, in which the absolute volume of
GBAORD in real terms in 2000 was at a lower level than it was
in 1991. In this group, the combined volume of government
resources devoted to R&D activities fell by more than 11%
between 1991 and 2000. Even excluding defence-related R&D
— the budget item responsible for most cutbacks in government
investments — only the UK is currently earmarking more
resources for R&D than in the early 1990s.

Figure D1.1.5 shows the ratio between the average annual
real growth of GDP and GBAORD in the EU countries, the
US and Japan in 1995-2000. In most of the EU countries, the
average annual real growth of GDP was between 2% and 4%,
while the average growth of GBAORD had a wider range
from —1% to +6%.

Figure D1.1.5 also suggests that Spain, Portugal, Greece, Bel-
gium and Japan increased resources going to GBAORD more
than might have been expected on the basis of growth of GDP
and a comparison with other countries. In other words, in
these five countries, GBAORD grew at a higher rate than
GDP. The situation is the reverse in the UK, Austria, Germany
and France, where in spite of the favourable real growth in
GDP (2-3% per year), the rate of growth in GBAORD in real
terms was negative in the late 1990s. In general terms, an
examination of the ratio of the growth rates of the variables
shows substantial differences between individual countries. It

Figure D1.1.4 Government budget appropriations for R&D - average annual real growth (%),
1995-2000 (1)
Government R&D budget, 2000
(euro million, in current terms)
Spain 1.3 4187
Portugal 10.6 713
Ireland 9.3 329
Japan 6.5 33017
Greece 5.4 391
Finland 51 129
Belgium T 4.6 1423
Netherlands 3.1 2951
italy 2.0 6756
us I 0.9 85 325
EU-15 (2) I 0.8 61 893
Denmark 0.7 1189
Sweden 0.6 1873
Austria -0.1 1197
UK 0.5 10 194
Germany 0.7 16 308
France -09 ] 13 092
-2 0 2 4 6 8 10 12 14
Source: DG Research
Data: Eurostat (NewCronos), OECD, DG Research provisional estimates
Notes: (1) D, F, IRL, IT: 1996-2000; DK: 1997-2000; S: 1998-2000. (2) L data are not included in EU-15 average.
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Figure D1.1.6 Government budget appropriations for R&D as % of GDP, 2000
Growth of the share from 1997 to 2000 in brackets (percentage points)

Finland 058 ¢-0.12)
France 1 0:83" [-0.08)
Germany 0.81 (-0.05)
U S o e e e P =24 0.80 (-0.06)
Sweden (1) 0.75 (-0.05)
Netherlands 0.74 (-0.05)
EU-15 (2) I .73 (-0.04)
Spain 0.69 (+0.19)
Denmark 0.68 (-0.04)
UK 0.65 (-0.07)
Japan 0.64 (+0.06)
Portugal 0.62 (+0.11)
Austria 0.58 (-0.04)
Italy 0.58 (-0.03)
Belgium 0.57 (+0.01)
Greece | 0.32 (+0.02)
Ireland 0.32 (+0.02)
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Source: DG Research
Data: Eurostat (NewCronos), OECD, DG Research provisional estimates
Notes: (1) S: 1998-2000 instead of 1997-2000. (2) L data are not included in EU-15 average.
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SecTiON Il GOVERNMENT R&D
BUDGET BY SOCIO-ECONOMIC
OBJECTIVES

Major objectives in total R&D budget:
defence research makes a difference

Table D1.2.1 illustrates the total govenment budgets for R&D
by socio-economic objectives in the EU, the US and Japan. As
discussed earlier in this dossier, the total volume of government
R&D budget in the US in 2000 was about PPS 13 billion higher
than in the EU (EU: PPS 54 billion, 62 billion euro in current
terms; US: PPS 67 billion, 85 billion euro). Defence R&D has a
strong influence on the volume of GBAORD in the EU, and
especially in the US. In 2000, the volume of defence R&D in the
US was five times bigger than that of the EU. In addition,
defence R&D has increased recently in the US, which is the
reverse of the trend in the EU. Because of this development in
the defence R&D sector, the US has managed to maintain its
advantage over the EU in terms of GBAORD-related invest-
ment at the level of PPS 12-15 billion in the 1990s and in 2000.

In some EU countries, defence R&D still plays a major role.
This situation is most discernible in the UK, France and

Spain, where defence R&D was the most important single
socio-economic category. Likewise, the defence-related
R&D investment share of total GBAORD in these three coun-
tries was the highest in the EU group in 2000, accounting for
23-33% of total government-financed R&D spending. In
addition, defence-related research in Spain accounted for
almost half of the growth in total R&D financing by the gov-
emment in 1995-2000 (for more on defence R&D, see the
box on “Defence R&D budget”, below).

Table D1.2.1 displays differences in the volume and structure
of GBAORD across the EU area and between the EU, the US
and Japan. In the EU, ‘Research financed from General Uni-
versity Funds’ (GUF) was the leading socio-economic objec-
tive, with an absolute volume of 19.2 billion euro in 2000.
The next largest budget items were ‘Non-oriented research’
(9.5 billion euro) and ‘Defence’ (9.2 billion euro). Together
these three objectives accounted for over 61% of total
GBAORD at the EU level. In Japan, the three objectives
accounting for most of the budgetary R&D spending, with a
combined share of almost 68% of total GBAORD,
were ‘Research financed from General University Funds’
(11.7 billion euro), ‘Protection, distribution and rational
utilisation of energy’ (6.0 billion euro) and ‘Non-oriented
research’ (4.6 billion euro).
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Figure D1.2.1 General University Funds (GUF) in government R&D budget — average annual rate of
growth (%), in real terms (PPS, at 1995 prices), 1995-2000 (1)
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The development of GUF reflects the importance of universi-
ties in the national innovation systems. It implies that the gov-
erments of Portugal, Finland, Greece, the Netherlands and
Denmark have found it necessary to guarantee the favourable
development of the university system, and to support its
advancement by awarding more resources to universities.
These five countries not only stand out in the EU group, they

have also scored higher growth rates than Japan (3%). On the

other hand, since the mid-1990s, the rate of growth of GUF in
Japan has been more than double the EU growth rate.

Among the larger EU economies, the GUF growth rates
recorded for the UK, France and Italy have been compara-

EU defence R&D budgets’ in decline

The proportion of defence-sector R&D in government bud-
getary financing has steadily diminished in the EU since
the late 1980s. Defence-related R&D reductions are mostly
due to the end of the Cold War era at the start of the 1990s,
which led to an overall decrease in military expenditure. In
addition, the economic recession and general budgetary
constraints in the EU in the early part of the 1990s com-
pelled governments to reassess their investment priorities
(e.g. NSF, 2002).

tively high, at 1.9-2.4%. In light of the negative growth of
total GBAORD in the UK and France since the mid-1990s
(figure D1.1.4), the growth rates of budgetary funding for
university research in these countries can be considered
favourable. In Germany, which alone accounts for almost
33% of total GUF in the EU, the average annual growth rate
of university funds was only 0.6%. Once again, taking into
account the negative growth of total GBAORD recorded for
Germany (-0.7% per year in 1996-2000), the real growth rate
of GUF can at least be regarded as fair. Austria and Ireland
have been the only EU countries to experience, in real terms,
a negative GUF growth rate in the period 1995-2000.

As a result, the volume of government R&D investment in
real terms started to decline and the ratio between civil and
defence research changed. Since the early 1990s, non-
defence R&D has generally outpaced the growth of fund-
ing of defence-related research in government budgets.
Figures such as the real volume of defence R&D, the
defence R&D share of total GBAORD, and the defence
R&D as a percentage of GDP in the EU have all decreased
during the 1990s, and again in 2000. In 1991, the share of
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Figure D1.2.2 Government R&D budget — defence R&D as % of total GBAORD, 2000

Defence R&D budget, 2000
(euro million, in current terms)
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Figure D1.2.3 Defence R&D budget - change in the share (percentage points) of total GBAORD,
(1991-2000)
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CHAPTER 3 - PRIVATE SECTOR INVESTMENT IN SCIENTIFIC AND TECHNOLOGICAL KNOWLEDGE

the R&D investment of European top international R&D per-
formers in comparison to that of the US and in selected sec-
tors. In comparison to the very large firms the SMEs are a
very heterogeneous group that needs to be taken into account
when targeting policies.

Section 5 analyses the development of the venture capital
investment (in seed, start-up and expansion phases) across the
countries and across stages. In particular, the investment by
stages in the high-tech and non-high-tech sectors is seen as an
indication for venture capital’s role in creating R&D per-
formers and new business sector R&D investment in the
emerging knowledge-based economy.

Finally, this chapter closes with a dossier about the results of
a case study concerning the creation of science-based spin-
offs which are an important mechanism for commercialisa-
tion of the research results and which obviously require a
coherent financing and knowledge support system.

SecTION | FINANCING OF R&D
ACTIVITIES: THE ROLE OF THE BUSINESS
SECTOR

1. R&D activities financed by the
business sector

Business sector R&D financing of Gross
Domestic Expenditure on R&D (GERD)

The objective of research activities financed by business
enterprise is to increase future profitability and competitive-
ness. These activities do not have to be conducted within the
business sector alone, but can be carried out in the govern-
ment sector, higher education sector or in other sectors as
well. Such research executed outside the business sector
probably includes research activities that are not normally
conducted in the business sector, such as basic research, or
that which is complementary to the sector’s own research and
development (R&D) efforts.

In the EU, the business sector is the major source of financ-
ing for total R&D (GERD) in the late 1990s. In this period,
however, its share amounted to 56.5%, which ranks con-
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Figure 3.1.1 Share of Gross Domestic Expenditure on R&D (GERD) financed by industry (%),
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siderably behind the US (68.2%) and Japan (72.4%). There
are considerable differences in the business sector financ-
ing of GERD across the Member States, indicating struc-
tural differences in financing the system of knowledge
production. In particular, in Belgium, Ireland, Finland,
Sweden, Germany and Denmark the shares are comparable
with those of the US and Japan. In contrast, in Portugal and
Greece the share is extremely low at just above 20% (figure
3.1.1).

In the US, the relative importance of the business sector in
financing GERD is not only considerably higher in 2000 but
has also increased by 2.5% more than in the EU. In the second
part of the 1990s this share has grown only slightly in the EU,
implying that there are no radical changes of the knowledge
production system in this respect. In Japan it has, contrary to
the situation in the EU and the US, declined, although the
Japanese share is still slightly higher than in the US.

In particular, the dynamics of GERD financed by industry
differ strongly across the Member States. Portugal, Spain
and France are catching up with relatively high growth
rates from initially low levels. In contrast, Austria and
Greece are falling further back as they have negative
dynamics at a low level of GERD financed by industry.
Other countries - Ireland, Belgium and Japan - also have
negative growth rates but are starting from a high initial

level. Finland and also Denmark show strong positive
dynamics at a high initial share of GERD financed by
industry while in Sweden and the UK the trend is increas-
ing only slightly (figure 3.1.2).

R&D activities of other sectors financed by
industry: utilisation of other sectors’
knowledge pool

The business sector’s financing of research activities in
other sectors reflects industry’s strategy to utilise the
knowledge pool and competencies outside of the business
sector, such as in the public sector and higher education.
The existence of such a pool provides a strategic benefit for
the firms, provided that the business sector has appropriate
absorptive capacities for the utilisation of the research
results.

The share of government expenditure on R&D financed by
industry reflects the links and co-operation between science
and industry. In some Member States, for example the UK
(21.1%) and the Netherlands (20.4%), such co-operative
efforts are very intensive. In comparison to the EU average
(8.8%) this is also the case, although to a lesser extent, in Ire-
land (16.5%), Finland (14.2%) and France (10.8%) (figure
3.1.3).

us ly
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Figure 3.1.7 Business Enterprise Expenditure on R&D (BERD) financed by abroad
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year), which reflects the importance of the foreign business
sector and of the European Framework Programme. In con-
trast, in Finland, Japan and Germany foreign sources do not
play a material role (figure 3.1.7).

However, the aggregate figures do not allow us to analyse the
relative importance of foreign financing of R&D by foreign
firms or by the Framework Programme. The foreign funding
of US R&D is recorded as zero, although this is the result of
a data collection problem. As mentioned above, the National
Science Foundation (NSB, 2000) estimates the share of for-
eign funding of R&D performance at 8%, which represents a
considerable increase from the 3% share in 1980.

SECTION Il BUSINESS SECTOR AS
PERFORMER OF R&D

1. Importance and dynamics of business
sector investment in knowledge

Importance of business sector R&D
expenditure

Independently of the source of financing, the R&D activi-
ties executed in the business sector are essential for the
innovative output and competitive dynamics of a country
although — of course — all other types of R&D activities
(public, international) are needed in the innovation process.
The fundamental characteristic of business sector R&D
activities is that they are ultimately innovative and profit-
oriented for the purpose of increasing the competitiveness
of the firms. This does not exclude the possibility that some
R&D activities in the business sector are similar to basic
research activities (Rosenberg, 1990). This is not surprising
as, according to the interactive model of innovation, firms
need to develop absorptive capacities in order to be able to
utilise the knowledge created through basic research in the
public sector.



EUROPEAN REPORT ON SCIENCE & TECHNOLOGY INDICATORS

Figure 3.2.2 Business Enterprise Expenditure on R&D (BERD) - average annual real growth (%),
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Best Performing Regions in the EU in
terms of BERD as a % of GDP (1999)

(NUTS 2)

1. Braunschweig, Germany (4.60%)

2. Stuttgart, Germany (4.38%)

3. Vistsverige, Sweden (4.22%)

4. Stockholm, Sweden (4.10%)

5. Oberbayern, Germany (3.75%)

6. Tiibingen, Germany (3.48%)

7. Pohjois-Suomi, Finland (3.14%)

8. Sydsverige, Sweden (3.02%)

9. Eastern, United Kingdom (3.01%)
10. Rheinhessen-Pfalz, Germany (2.76%)
11. Darmstadt, Germany (2.74%)
12. Uusimaa, Finland (2.66%)
13. lle-de-France, France (2.46%)
14. Ostra Mellansverige, Sweden (2.42%)
15. Noord-Brabant, Netherlands (2.38%)

EU average: 1.25% (EUROSTAT estimate for 1999)

Data: EUROSTAT; No data available for Austria

Besides large metropolitan areas such as Greater Stock-
holm, Greater London, Greater Helsinki and Greater
Paris, one can see smaller regions with strong innovative
business presence such as Noord-Brabant (Philips),

Braunschweig (Volkswagen), Stuttgart (Mercedes,
BMW) and even peripheral regions such as Pohjois-
Suomi around Oulu (famous science-based Technical
University).

Least” Performing Regions in the EU in
terms of BERD as a % of GDP (1999)
(NUTS 2)

1. Tonia Nisia, Greece; Agores, Portugal (0.00%)

2. Dytiki Makedonia and Voreio Aigaio, Greece; Ca-
labria, Italy (0.01%)

3. Ipeiros and Notio Aigaio, Greece (0.02%)

4. Nisia Aigaiou, Greece (0.03%)

5. Crete, Greece; Baleares, Spain; Alentejo, Portugal
(0.04%)

6. Thessalia, Greece; Sardegna, Italy; Madeira, Portugal;
Aland, Finland (0.06%)

7. Canary Islands, Spain; Algarve, Portugal (0.07%)

8. Extremadura, Spain (0.08%)

9. Voreia Ellada, Greece

10. Dytiki Ellada, Greece (0.10%).

© Defined as equal/less than 0.10% of GDP
EU average: 1.25% (EUROSTAT estimate for 1999)
Data: EUROSTAT; No data available for Austria
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Figure 4.1.1 Total number of researchers 1999 and total growth in % (1991-1999)
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researchers in the US, where almost all of the growth took
place in the second half of the decade. In Japan, the first half
of the decade saw the number of researchers growing by
12.5%, but a drop of 2% occurred in the second half. This
resulted in growth of 10% over the whole period.

In most EU Member States, the total number of researchers
increased during the 1990s. Only Italy suffered an overall
decrease of 14% due to a drop in the second half of the
decade. The highest overall rates of growth were recorded in
Greece, Portugal and Austria. In Spain, the Netherlands, Fin-
land and Ireland, there was more growth in the second half of
the decade. In Germany, the negative growth rate of the
beginning of the 1990s was followed by a positive one at the
end.

Share of researchers in the labour force

European countries differ considerably in terms of their pop-
ulation and labour force sizes, so it can be misleading to use
the percentage share of researchers in the population as being
representative of national or regional R&D effort. It is more
useful to look at how many people are actively involved in
R&D, and establish the number of full-time equivalent (FTE)
researchers relative to the total number of people (headcount
—HC) in the labour force. This indicator signifies the relative
importance of research jobs in the labour market and can

therefore be seen as an appropriate indicator for looking at the
knowledge base of an economy.

In 1999, the EU reported 5.4 researchers per 1000 in the
labour force. Japan is the top country in the Triad, reporting
9.7 researchers per 1 000 labour force in 1999. The US
reported 8.7 researchers per 1 000 in its labour force. Among
EU Member States, Finland and Sweden rank higher than the
US. Another group of EU countries - including Belgium,
Denmark, Germany, France, the UK, Austria, the Netherlands
and Ireland — has between five and seven researchers per
1 000 labour force, which is around or slightly above the EU
average. Spain, Greece, Portugal and Italy come in below the
EU average with only between 2.5 and 4 researchers per
1 000 labour force (figure 4.1.2).

In the 1990s, the number of researchers per 1 000 labour force
increased most markedly in Greece and Portugal, where
increases of more than 100% were recorded. There was over
50% growth in Austria, Finland, Denmark, Sweden and Bel-
gium. The other, and mostly larger European countries —
Spain, Ireland, the UK, the Netherlands, France, Germany
and Italy - all had total growth rates well under 50%. France
and Germany showed growth below the EU average, but so
did the US and Japan. Italy had even negative rates (figure
4.1.3).
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Source:
Data:
Note:

Figure 4.1.2 Researchers per 1000 labour force (1999)
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Figure 4.1.3 Researchers per 1000 labour force: total growth in % (1991-1999)
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CHAPTER § - SCIENTIFIC OUTPUT AND IMPACT: EUROPE’S LEADING ROLE IN WORLD SCIENCE

Brazil

Figure 5.2.5 The 18 smaller-sized publishing countries (between 0.25% to 0.99% of world share).
Share and average growth rate (1995-1999)
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Below the five leading countries in figure 5.2.4, the second
grouping within the 20 largest scientific producers might be
termed medium contributing countries. They each produce
between 1% and 5% of the world total. Of the 15 countries in
this group, five are from the EU-15: Italy, Spain, the Nether-
lands, Sweden and Belgium. Of the European countries in the
group, only the Netherlands shows a decline in its share of
world publications. India and Israel also have declining
shares. By comparison, large increases have been recorded by
hina and Korea.

Figure 5.2.5 shows 18 other countries — in terms of scientific
production, smaller contributing countries — which each pro-
duced an average of between 0.25% and 1% of the world total
during 1995-1999. Six other EU-15 countries belong to this
group, but differences are evident. While Denmark is at the
upper end, Portugal and Ireland are at the lower end.

In terms of growth rates, a distinction can be drawn between
those countries making large and small contributions to the
world total: the average growth rate of the 20 larger contribu-
tors is 3.1%, while that of the smaller contributors is 3.4%.

The distinction between larger and smaller contributors is
also useful for an analysis of world regions as well as indi-
vidual countries: regions containing a number of small,
evolving countries in terms of science production, will be
more likely to score higher growth rates.

Comparing scientific productivity

It is useful to examine and compare countries’ scientific pro-
ductivity by normalising scientific output for the number of
people involved in R&D. This can be measured in terms of
numbers of researchers or, to include for example technicians,
the total number of R&D personnel’. In figures 5.2.6 and
5.2.7 the total publication output for the period 1995-1999
and the total number of R&D personnel and researchers (full-
time equivalent — FTE) in 1995 have been used for calculat-
ing per capita productivity ratios.

The first observation to make is that productivity levels can
depend on a country’s scientific specialisation. Those with a
strong science base in the medical and life sciences tend to

‘ In fairness, these changes may only partly reflect the reality of research performance. One of the explanatory factors for the changes is modifications to
the ISI database. This includes the addition of various non-English language journals and journals in which the US and UK researchers do not publish
much, or journals that do not complement the scientific profile of the US and, to a certain extent, the UK. These amendments help the other previously
misrepresented language groups and fields (cf. also methodological annex to chapter 5).

’ Data on R&D personnel or total researchers is not collected by every country and furthermore not harmonised on a world-wide level. The US for example,
does not publish data on total R&D personnel; therefore, the US cannot be used for comparison in this category. The broadest coverage and a reasonable
harmonisation level has been so far achieved for OECD countries and those countries which submit data to the OECD.
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Figure 5.2.6 Publications (1996-1999)
per total R&D personnel
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produce more papers on average, because (academic)
researchers in these fields are more productive in writing
English-language research articles, and because these fields
are better covered in the SCI database. Among the OECD
countries and a small number of non-OECD countries, the
most productive country in terms of publications per total
R&D personnel is New Zealand, with a ratio of more than one
publication per person.

The EU countries have ratios of between 0.97 in Austria and
0.50 in Germany. It is interesting that two scientifically pro-
ductive countries, Germany and France, as well as the small
producer Portugal, show the lowest ratios of the EU Member
States. This is partially due to their propensity for publishing
research findings in non-English outlets that are not covered
in the database (Van Leeuwen et al., 2001).

In figure 5.2.7, only the total number of researchers is
included. Here too New Zealand leads, followed closely by
Switzerland, each with ratios of above 2. All EU countries,
except Germany and Portugal, have ratios between 1 and 2.

While most countries remain in similar positions in a ranking
within both calculations, or show higher ratios when — as here
— only the total number of researchers is taken into account,
the productivity gains are more remarkable for some and less
so for other countries. The most significant gain can be found
in Switzerland, which more than doubles its performance
when only researchers are taken into account (from 0.96 pub-
lications per R&D personnel to 2.24 publications per
researcher).” Second comes the Netherlands with an almost
equally impressive productivity gain. While Switzerland,
New Zealand and Austria have already comparably high pub-
lication ratios per total R&D personnel, the Netherlands
comes from a medium position in the first category to be near
the top in the second category.

When calculating the proportion of researchers to all R&D
personnel, Switzerland and the Netherlands have the lowest
shares. This might be due to the large R&D-based multina-
tional enterprises such as Philips in the Netherlands and the
various pharmaceutical companies in Switzerland. One can
speculate why both countries achieve these ratios but others

° It should be noted that the impressive numbers for Switzerland can be ascribed parily to a measurement artefact: in such a small country the presence of
an international institution such as the Conseil Européen pour la Recherche Nucléaire (CERN - the European Council for Nuclear Research) with a high
number of researchers and publication output, can influence the publication/researcher ratio significantly. If one examines the overall publication profile
for Switzerland, one notes large numbers in clinical medicine, followed by physics, chemistry, and biomedical sciences. While all the other very active fields
can be associated with industry structure, physics can clearly be attributed to CERN. However, even without CERN publications and researchers, the Swiss

numbers can be expected to be rather high.
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Figure 5.2.13 Citation impact by country in computer sciences (1993-1999)
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ence, only four countries produce more than 5% of total world
output each. Another 18 countries manage a share of more
than 1% (figure 5.2.12). In terms of dominance, the US is
clearly the leading nation. The largest number of publications
and citations, as well as a very good citation impact score,
prove its dominance. In general, computer science is a fast
growing field with an average growth rate of 12.6% in the top
22 countries. Within the whole group of 56 analysed coun-
tries, the growth rate is slightly lower at 11.9%.

In terms of citation impact, Israel is the only country per-
forming significantly better than the world average, with a
score of 1.33. Figure 5.2.13 lists all 30 countries that score at
least a world average citation impact of 0.80. A comparison to
the average world share reveals some differences in the rank-
ings. Israel’s output share is in the medium range, while
impact-wise, it is leading. Germany, by comparison, produces
a high share of publications, but impact-wise it has a rela-
tively low score.

The reason for these performances may be that the field of
computer science comprises diverse sub-fields such as com-
puter applications, artificial intelligence, software, graphics,
programming, theory and methods, hardware and architecture
(for a full list see table A.4 in methodological annex at the end
of this report), and it is difficult to trace changes in publica-
tion habits to specific national science and technology pro-
grammes. Nonetheless, there are policy related national fea-
tures that explain part of the picture.

The US dominance in this field can be explained by its pio-
neering work on computers, its extensive information tech-
nology (IT) industry, and especially its long tradition of
defence related research in IT related fields of science. The
latter may also be an explanation for Israel’s research perfor-
mance in the field of computers. Israel has apparent strengths
in this field especially in encryption techniques, which are
closely linked to defence related research. Furthermore, the
military training most businessleaders have received,
includes highly advanced technical expertise in computers
and electronics and provides for managerial qualities impor-
tant for innovations and competition. Now, from a policy per-
spective, computer sciences is a hot issue and often linked to
regional competitiveness and growth (with frequent refer-
ences to Silicon Valley and Bangalore). In general, techno-
logical strength would be measured by high-tech trade data
and a strong trade position would then be linked to a strong
knowledge base. However, can the research performance be
used as an indicator for technological strength?

Looking for example at Israel, India, and Ireland - all strong
export countries in high-technology trade — and supposedly
very strong in computer related technologies - one finds that
the knowledge base in India and Ireland tends to be rather
limited in this particular field. Despite having in common
some structural features of their respective software indus-
tries (e.g. large numbers of qualified personnel) (Arora et al.,
1999), Irish high-tech exports depend on multinational com-
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Figure 6.1.1 Share of European patents (%)

France — o0
UK BB m 6.3
taly e
Netherlands S %:54
Sweden W"Z 5
Finland ﬁo:ﬁz
Belgium i‘}?‘

- 1.1

Austria g o
Denmark %6
Spain i%f,
Ireland ,%_]2
0.0
Luxembourg g}
0.0
Greece 0.1
Portugal 8_‘3

0 10 15 20 25 30 35 40 45

= 2001 » 1992

DG Research
EPO; data processed by OST

Source:
Data:

50

Third European Report on S&T Indicators, 2003

Figure 6.1.2 Annual growth in shares of European patents by country (1992-2001) %
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Figure 6.1.3 Share of US patents (%)
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Figure 6.1.4 Annual growth in shares of US patents by country (1992-2001) %
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Triad patents: a different picture?

Looking at Triad patents — that is, those patents applied for at
all three major patent offices of the Triad (the EPO, the
USPTO and the JPO) — one gets a rather different impression
of the relative shares of the EU, the US and Japan. As shown
in figure 6.1.5, Europe has a share of 32% of this special
subset of patents. It is slightly below that of the US, which
holds almost 35% of Triad patents, while Japan has just under
27%. Although the reference years for this data are slightly
different from those analysed in the previous section', they
suggest that Europe is reasonably well positioned among
those inventors who file economically valuable patents at all
three major offices.

The situation is somewhat different with regard to Triad
patents per capita (figure 6.1.6). Here the EU has slightly
fewer than 28 patents per million population which is well
behind the US (42) and Japan (69).

Figure 6.1.5 Share of Triad patents % (1995)
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Figure 6.1.6 Number of Triad patents per
million population (1995)
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The most dynamic patenting countries
worldwide

While the large economies of Europe, the US and Japan have
the dominant shares of European and US patents, one must
generally look elsewhere to identify those countries that have
displayed the largest growth in patenting activity over the last
ten years. Starting from a low base, South Korea and Singa-
pore have increased the size of their share of patents in the US
and Europe by well over 20% a year since 1992. These two
countries are leading in terms of growth rate of their US
patents share, and occupy second and third position in the
European patent system. China has displayed the strongest
dynamics in the latter system, with its share of European
patents expanding by nearly 25% per year between 1992 and
1999. However, China started from a relatively low base level
of patenting activity of around 30 patents in 1992, rising to
more than 200 in 1999.

! Triad patents have been counted according to the earliest priority date (first filing worldwide) which is closest to the invention date and important for data
comparability. This introduces a time-lag in the data, as does the delay in the US patent system due to publishing patents only when they are granted. For

these reasons, 1995 is the latest year available.
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Figure 6.2.9 High tech trade as a % of total trade (2000)
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Figure 6.2.10 Growth in high-tech exports compared with total export growth in %
(average 1995-2000)
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