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Abstract

In this paper, I analyze the evolution of R&D patterns in three Nordic coun-
tries, Denmark, Norway and Sweden. I document substantial differences in industry
specialization and also in terms of the respective role of the intensive and extensive
margins. I also observe an increased specialization in the different countries, Norway
becoming more focused in high tech service industries, while Denmark is increasingly
investing in high tech manufacturing like pharmaceuticals and machinery.

∗I thank Andreas Moxnes for providing summary statistics from Norway. This Project has received
funding from the European Union’s Horizon 2020 research and innovation programme under grant agree-
ment no. 822390.
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1 Introduction

Despite the widespread recognition that investment in research and development (R&D)

is a massive contributor to economic growth, we observe wide dispersion in the intensity

through which advanced countries invest in knowledge.1 At the country level, R&D

intensity is measured as the share of total R&D expenses in the country divided by the

country GDP. However, this important macroeconomic figure to which policy makers refer

to is the aggregation of the individual decisions of thousands of firms in the economy. An

increase in R&D intensity can be driven by more firms investing in R&D (the extensive

margin) or by firms already involved in R&D increasing their investment relative to the

value added they generate (the intensive margin).

Differences are also driven by the comparative advantage and specialization patterns

that firms in various countries have created over the years. Some sectors like pharmaceu-

ticals or industrial machinery are more R&D intensive than others. Much of it builds on

initial conditions, as these patterns have sometimes taken decades to be built but can also

be undone relatively quickly as a consequence of global competition and/or poor strategic

decisions.

Consider the case of NOKIA, a pioneer in the age of mobile phones. While being

an established global leader until 2010, it failed to adopt the smartphone touchscreen

technology, and was quickly taken over by Apple, Samsung and Chinese followers. After

gradually losing market share, it eventually sold its mobile phone division to Microsoft and

refocused its activities to network equipment, software and services industry.2 Due to the

large global scale of Nokia relative to the Finnish economy, such a dramatic reconversion

led to dramatic consequences at the macroeconomic level. The R&D intensity in Finland

fell from 3.7% to 2.7% from 2010 to 2016.

In this paper, I use confidential survey data from three Scandinavian countries (Den-

mark, Norway and Sweden) to analyze the dynamic evolution of firms’ R&D decisions

over more than three decades. I focus on three basic descriptive facts: 1) how many

firms are undertaking R&D investment in each country and what is the average weighted

investment? (i.e. looking at the extensive and intensive margin of R&D); 2) in which sec-

tors are firms predominately undertaking R&D in each country in the last year observed

in each country? (i.e. looking at the comparative advantage and specialization patterns

at snapshot); 3) how have relative sectoral R&D shares evolved over the last decade? (i.e.

1See section 2 for a detailed account of these differences.
2See e.g. NYT, ”Microsoft to Buy Nokia Units and Acquire Executive”, Sept. 3, 2013 and The

Economist, ”Planning the next bounceback”, Nov 23rd 2013. Note that Nokia has always been trans-
forming itself through the ages, from selling toilet paper and rubber boots before entering the mobile
phone era. A similar picture can be drawn from Samsung, ... or Toyota
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looking at the dynamics of comparative and specialization patterns). By examining these

three dimensions, we can get a better understanding at how R&D decisions have evolved

dynamically and have affected how specialized Scandinavian countries have established

themselves over time.

The rest of the paper is divided in four parts. Section 2 discusses the macroeconomic

facts about how Scandinavian countries differ in their aggregate R&D intensity. Section 3

discusses the micro data sources and provides basic stylized facts about difference between

countries at the micro level. Section 4 looks at sector-specific dynamics over the last

decade. Section 5 concludes.

2 Macroeconomic picture

While investment in R&D has been considered as a key determinant for long run growth

by economists, European policy makers clearly introduced it as a major component of a

renewed policy, the so called Lisbon Agenda in early 2000. The established aim was to

make the European Union (EU) the most competitive economy in the world and achieving

full employment by 2010. With an average of 2% of GDP in 2003, R&D intensity was

lagging behind in Europe compared to the United States (2.8%) and the rest of the OECD

(3.1%). The European Council set as an aim to raise these expenditures to 3% of GDP

by 2010. The mid-term review held in 2005, for which a report was prepared under

the guidance of Wim Kok, former Prime Minister of the Netherlands, showed that these

objectives were far from being achieved.

After the financial crisis hit the global economy, the Commission and European leaders

launched a renewed agenda labeled ”Europe 2020 - The EU strategy for smart, sustain-

able and inclusive growth”. One of the stated objectives was to promote the development

of smart growth through knowledge, education and innovation investment. Among the

integrated guidelines were two specific targets related to R&D: ”optimising support for

research, development and innovation, strengthening the knowledge triangle and unleash-

ing the potential of the digital economy” and ”developing a skilled workforce responding

to labour market needs, promoting job quality and lifelong learning”. It was also decided

to evaluate the impact of the new measures in a consistent way.

Figure 1 shows the current situation in terms of R&D intensity in the EU. As can

be seen, the average is now around 2.3%, far from the 3% initially targeted. It also

shows substantial dispersion between EU members, as Belgium and Sweden are leading

the charts with a ratio of 3.5%, while some of the new member states like Romania or

Malta are still below the 1% threshold.
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Figure 1: R&D intensity in EU countries, 2020
(Source: https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20211129-2)

Figure 2: Evolution of R&D intensity in selected EU countries, 2010-2020 (Source:
https://ec.europa.eu/eurostat/web/science-technology-innovation/visualisations)
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Figure 2 shows the dynamic evolution of the intensity indicator. We can observe

an increasing trend for the EU average since 2007, even though at a relatively slow pace.

Looking separately at the three Scandinavian countries, we observe that they have followed

three distinct trajectories. Sweden has been at the very top around 4% of GDP at the

beginning of the years 2000, then suffered from a relative decline until 2014 at around

3.2%, and has since been on the rise again. In the case of Denmark, the ratio jumped

spectacularly from 2.5% to 3% between 2006 and 2009, and then remained pretty constant

around this level. Finally, looking at Norway, the ratio remained relatively low around

1.6% until 2013, before quickly converging towards the EU average at 2.3% in 2020.

One of the questions I want to investigate in this paper is what is driving this dynamics

at the macro level, looking at industry and firm-level dimensions.

3 Data and stylized facts

For several decades, Eurostat in partnership with national statistical institutes has been

running the Community Innovation Survey (CIS) asking relatively large companies in

industries more likely to be involved in innovation about the nature of their innovation

activities. National statistical institutes would typically send the questionnaire including

the questions agreed at the European level but could complement them with additional

questions, depending on the policy agenda in the country involved. One of the key

questions that have been asked consistently over time though is how much firms invest in

R&D and how many R&D personnel they employ.

Tables 1 to 3 show the number of firms surveyed and involved in R&D in all three

countries, as well as the average amount of R&D spending in nominal domestic currency.

We can clearly observe that the number of firms investing in R&D increased much more

in Norway than in the other countries, suggesting a substantial role for the extensive mar-

gin. On the other hand, the average amount of R&D increased much more in Denmark,

stressing the .

Tables 4 to 6 show the most R&D intensive industries in the respective countries in

2017. We can immediately notice important differences in sectorial specialization. R&D

appears to be more focused in services than in manufacturing in Norway.

In the next section, I investigate how these specialization patterns evolvd over time in

each respective country.
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4 Dynamic evolution at the sector level

The previous section showed how the respective countries had built comparative advan-

tages for innovation in different sectors. This section looks at the relative evolution of the

shares of these top sectors in each country.

4.1 Norway

As shown in table 3, the top innovative sector in Norway is the ”Computer programming,

consultancy and related activities” (code 62). The relative share of this industry has

clearly been increasing from 10.4% to 17.1% between 2008 and 2017.

Figure 3: Relative share of sector 62 in total R&D expenses, Norway, 2008-2017
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Another industry that has grown relatively is the ”Publishing activities” industry

(NACE 58) where the share increased from increased from 6.8% to 8.6%. This activity

involves computer games and also software design and publication.

On the other hand the share of other top sectors such as ”Architectural and engineering

services; technical testing and analysis” (NACE 71) remained stable around 10%, or

declined from 10.8% to 6.3% in the case of ”Manufacture of computer, electronic and

optical products” (NACE 26).
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Figure 4: Relative share of sector 58 in total R&D expenses, Norway, 2008-2017
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Figure 5: Relative share of sector 71 in total R&D expenses, Norway, 2008-2017
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Figure 6: Relative share of sector 26 in total R&D expenses, Norway, 2008-2017
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4.2 Denmark

Compared to Norway, the innovation specialization patterns have been mostly increasingly

focused in the manufacturing industry, in particular pharmaceuticals and machinery, while

the shares in the top service sectors have been either stable or declining.

As can be seen from figure 7, the share of pharmaceuticals (NACE 21) has been

increasing from 19.2% to 28.4%, while the share of machinery and equipment (NACE 28)

slightly from 8% to 10%. The share of ”Scientific R&D ” (NACE 72) remained quite

stable around 12%. Among the other top sectors, the share of ”Manufacture of computer,

electronic and optical products” (NACE 26) had ups and downs but remained remained

relatively stable around 9%, while the share of ”Computer programming, consultancy and

related activities” (NACE 62) went down significantly from 11% to 6.3%.
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Figure 7: Relative share of sector 21 in total R&D expenses, Denmark, 2008-2017

.2
.2

2
.2

4
.2

6
.2

8
sh

ar
e

2005 2010 2015 2020
year

Figure 8: Relative share of sector 28 in total R&D expenses, Denmark, 2008-2017
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Figure 9: Relative share of sector 72 in total R&D expenses, Denmark, 2008-2017
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Figure 10: Relative share of sector 26 in total R&D expenses, Denmark, 2008-2017
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Figure 11: Relative share of sector 62 in total R&D expenses, Denmark, 2008-2017
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5 Conclusion

In this paper, I use confidential survey datasets from three Scandinavian countries to

analyze the evolution of innovation specialization among countries. I document a clear

increase in innovative sectoral specialization, with Denmark increasing specialization in

pharmaceuticals and machinery, while Norway getting more focused in the service industry

in particular publishing activities and computer programming and consultancy.

I also document differences between the different countries regarding the respective

roles of the intensive and extensive margins. Norway appears to display more firms invest-

ing in R&D while in Denmark, established R&D investing firms invest more intensively,

therefore leading to different dynamics.
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