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Аннотация. Предложена модель, позволяющая объяснить динамику совокупной 

факторной производительности в странах ЕС такими факторами, как участие в между-
народной торговле, темп роста расходов на НИОКР и неопределенность мировых цен 
на нефть. Результаты оценки модели показали, что для стран Северной Европы, кото-
рые являются глобальными лидерами инновационного развития на протяжении послед-
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них восьми лет, взаимосвязь между уровнем инновационного развития и темпом роста 
производительности более высокая, чем для стран ЕС в среднем. Выделены особенно-
сти организации национальной инновационной системы и финансирования НИОКР 
скандинавских стран, а также факторы, способствующие вкладу инновационной актив-
ности в производительность.  

Ключевые слова: совокупная факторная производительность, затраты на НИОКР, 
скандинавские страны, инновационная активность, инновационное развитие, националь-
ная инновационная система 
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Introduction 

Innovation and innovative development are among the main topics of the past 
two decades of the 21st century. In the European Union, back in 2000, the Lisbon 
Strategy was adopted, which set itself to build an innovative economy. The Europe 
2020 development program adopted in 2010 set no less ambitious goals – achieving 
world leadership in the field of innovation under the slogan “European Union – Inno-
vation Union”. In line with the general concept, each EU country and other European 
countries have adopted national strategies for innovative development (Matyushok, 
2011; Matyushok, Kravtsov, 2011). We can say that the efforts led to complete suc-
cess; all countries have achieved the goals and implemented the innovative strate-
gies fully. However, many European countries are consistently in the top 20 world 
leaders in innovative development ranked by the Global Innovation Index (GII). 

The Nordic countries are highly successful among European countries in terms 
of innovation indicators: Sweden, Denmark and Finland are among the top 10 world 
leaders, while Norway and Iceland are ranked 20 and 21 respectively among 130 coun-
tries of the world according to the Global Innovation Index 2020. 

One of the main indicators of achieving the goals of innovative development 
is the share of R&D expenditures in the gross domestic product. Increasing ex-
penditures on R&D should ensure the leadership in the technology race, enlarging 
the output of high-tech products, and, as a result, the quality of life should be im-
proving. In the long term, R&D expenditures should support economic growth by 
increasing productivity of labour and capital. 

Despite huge R&D expenditures globally, and primarily in developed countries, 
total factor productivity has been increasing at a slow pace over the past 20 years. 
After the crisis of 2008–2009, a global trend towards a slowdown in economic growth 
was formed. Against this slowdown's backdrop, the growth in R&D spending may 
seem redundant, with no productivity gain, at least in the short term. 

The study aims to analyze the relationship between the growth rates of total 
factor productivity (TFP) and the growth rates of R&D expenditures controlling 
other factors. We compare the aggregated data of EU countries with the case of 
the Nordic countries, which are leaders in innovative development by many criteria. 
In the last section, we identify factors contributing to a higher impact of R&D on 
TFP growth for these countries. 
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Theoretical background of the study  
and a brief review of the literature 

In a broad sense, productivity is understood as the ratio of the output (measured 
in one way or another) to the resources expended. Productivity can show techno-
logical change, resource efficiency, real cost savings, etc. 

There are several methods for measuring output. Productivity is measured in 
relation to one resource (the ratio of output to labour expended – labour produc-
tivity – is an example of such an approach) or in relation to a group of factors 
(multifactor or total factor productivity of TFP) (OECD, 2001). 

The multi-factor type of productivity is labour and capital productivity. 
In general terms, the formula for measuring labour and capital productivity (or total 
factor productivity, TFP) can be written as follows: 

Labour and capital productivity =  
(Quantitative index of gross value added) / (Quantitative index of labour 

and capital used in the process of GVA production). 

This measure reflects technological changes in general, economies of scale, 
changes in the efficiency of primary resources, etc. “When the capital input measure 
is an aggregator of detailed types of assets… and …reflect quality change, the ef-
fects of embodied technical change are picked up by the capital input term, and only 
disembodied technical change affects” TFP (OECD, 2001). 

There parametric and non-parametric approaches to productivity measures. 
The growth accounting approach is a prominent example for non-parametric tech-
niques. 

In neoclassical growth models (Solow, 1956), output is determined by the ge- 
neralized Cobb – Douglas production function 

𝑌௧ ൌ TFP௧𝐾௧
ଵିஒ𝐿௧

ஒ,                                             (1) 

where Yt is output, TFPt is total factor productivity, K is physical capital, and L is 
labour utilized in the production process.  

L is the effective amount of labour (that is, the quantity and quality of workers), 
and K accumulates all types of physical capital. In this form, the production func-
tion is used by the World Bank experts for predicting the economic growth rates 
of the countries of the world (see, for example, (Sinha, 2017)), as well as by the ex-
perts of the International Monetary Fund (see, for example, (Cubeddu et al., 2014)). 

In the approach developed by Daniel Jorgenson and his followers, capital 
invested in information technology is distinguished as a special type of capital. 
As shown in numerous studies (e. g. (Jorgenson, Vu, 2016)), ICT capital contributes 
significantly to economic growth. At the same time, the amortization of ICT capi-
tal occurs much faster than other capital assets. 

Applying the decomposition of labour and capital equation (1), turning to 
the growth rates (measured as differences in natural logarithms) and taking GDP 
as a measure of output, we have 

Δ lnሺ GDPሻ ൌ Δ ln T FP  𝜈୍େΔ ln 𝐾୍େ  
𝜈ே୍େΔ ln 𝐾ே୍େ  𝜈ுΔ lnሺ 𝐻ሻ  𝜈ொΔ lnሺ 𝐿𝑄ሻ.                     (2) 
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Here 𝜈୍େ is the share of consumed ICT capital in the output, 𝜈ே୍େ is the 
share of consumed non-ICT capital in the output, 𝜈ுis the share of the amount of 
labour in the output, and 𝜈ொ is the share of the quality of labour in the output. 

If the hypothesis of constant returns to the scale of production is true,  
the sum of these shares is equal to one. 

From equation (2), we can find the growth rate of the total factor productivity 
ΔlnTFP as the difference between the GDP growth rate and the contribution of labour 
and capital growth rates. With this definition, total factor productivity is not measured 
directly. Still, it results from measuring GDP, employment, capital consumed, and, 
of course, depends on the economic growth model that links all these values. 

Within this article's framework, we will not consider other approaches to de-
termining TFP (see, for example, a brief overview of methods for determining 
TFP in (Maslennikov, 2015)). However, the empirical results do not support 
the hypothesis that TFP reflects the only technological change. The dynamics of 
the total factor productivity is influenced by various factors, both local and global. 

The literature on the influence of various factors on one-factor and multifac-
torial performance is quite extensive. We will note a few works that are closest to 
the subject of this study. The impact of R&D on multi-factor productivity growth has 
been assessed in a study (Guellec, van Pottelsberghe de la Potterie, 2001). It is shown 
that in countries with a high intensity of R&D expenditures, the contribution of 
the growth of these expenditures to the growth of total factor productivity is higher 
than in countries with a low share of R&D expenditures in GDP. The impact of 
public policy instruments on R&D spending has been studied in (Guellec, Van 
Pottelsberghe De La Potterie, 2003; Balashova, 2015). The work (den Butter, Es-
Saghir, 2013) analyzes the impact of international trade and, mainly, trade of 
high-tech goods, on TFP dynamics, empirical analysis is carried out for a number 
of OECD countries. The impact of innovation, education, institutions, infrastruc-
ture has been studied in the works of experts from the World Bank (Kim, Loayza, 
2017, 2019). It is shown that the intensity of the influence of these factors is dif-
ferent for different groups of countries, and general patterns are highlighted. 

Another aspect, namely the influence of uncertainty in commodity markets 
on macroeconomic indicators, has been studied by A. Serletis and his colleagues 
(Elder, Serletis, 2010; Azad, Serletis, 2020). Our study assumes that uncertainty in 
commodity markets affects the cyclical component of the growth rate of total fac-
tor productivity. 

Empirical research methodology 

The time series of TFP growth rates, like any time series, can be represented 
as a combination of trend 𝛥 lnሺ TFP்ோሻ௧, cyclical 𝛥 lnሺ TFPେ୷ୡ୪ୣሻ௧ and random 
components ε௧: 

𝛥 lnሺ TFPሻ௧ ൌ 𝛥 lnሺ TFP்ோሻ௧  𝛥 lnሺ TFPେ୷ୡ୪ୣሻ௧  𝜈௧,             (3) 

where i is the country index, t is the time index. 
Let us accept the hypothesis that the cyclical component is related to the state 

of the world economy and affects the rate of TFP change in any country in the con-
text of globalisation. 
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𝛥 lnሺ TFPେ୷ୡ୪ୣሻ௧ ൌ 𝐹ሺGlobal conditions௧ሻ, 

Here Fi is a function specific to each country. In the simplest case, 
𝛥 lnሺ TFPେ୷ୡ୪ୣሻ௧ is a linear function of an indicator characterizing the state of  
the world economy (the coefficients of this linear equation may be different for 
different countries). 

To characterize global conditions in this study, we selected the volatility indicator 
of world oil prices, estimated using the GARCH-M (1,1) model for the cyclical compo- 
nent of the Brand oil price. In order not to deviate from the main goal of the study, 
we will omit a more detailed description. We only add that the GARCH-M (1,1) 
model is generally accepted for assessing volatility (see, for example, (Aye et al., 2014)). 

The trend component of TFP reflects technological changes that grows over 
time, which, however, is not evenly distributed across countries. The ability of  
a country to generate new knowledge and technologies, the ability of a country's 
economy to apply advanced technologies, affects how the general technological 
trend will affect the TFP of each economy. 

R&D expenditures are a key characteristic of the level of development of 
the national innovation system. Based on the studies mentioned above, we use  
the volume of foreign trade to characterize the effect of knowledge and technolo-
gy spillover, as well as to account for the benefits from the international division 
of labour and participation in international economic relations. 

Considering the above, as a model for the TFP growth rate 𝛥 lnሺ TFPሻ௧,  
a model is proposed 

𝛥 lnሺ TFPሻ௧ ൌ α  βΔ lnሺ 𝑅𝐷ሻ௧  δΔ lnሺ Tradeሻ௧  γVol  ε௧,       (4) 

where 𝛥 lnሺ 𝑅𝐷ሻ௧ is the growth rate of R&D expenditures, Δ lnሺ Tradeሻ௧ is the 
growth rate of foreign trade volumes, Vol is the oil price volatility; α, β, γ and δ 
are model parameters, and α reflects the influence of time-constant factors specific 
to each country. 

We estimate the parameters of the model (4) using the method of least squares 
with fixed effects for panel data. Standard errors are corrected by White's method 
to account for heteroscedasticity. 

The data for empirical analysis were retrieved from the TED (Total Econo-
my Database, 2019), MSTI OECD, and World Bank Database. R&D expenditures 
and foreign trade volumes have been converted into constant international dollars 
for correct cross-country and cross-temporal comparison. 

Empirical results and discussion 

The dynamics of total factor productivity is highly volatile. Figure 1 shows 
the TFP dynamics for EU countries, aggregated over 28 EU member-countries as 
of 2019. The trend component changes quite smoothly, demonstrating growth from 
the beginning to the mid-90s, then a gradual decline and a transition to negative growth 
rates in the middle of the first decade of the XXI century. The cyclical component 
is fluctuating with large amplitude. A sharp drop in TFP growth rates in 2009 
closely correlates with a sharp increase in oil price volatility (right axis in Figure 1). 
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Figure 1. The growth rate of total factor productivity for EU countries 
and volatility of world oil prices (right axis) 

 
Source: compiled by the authors. 

 

  
 

Figure 2. The growth rate of total factor productivity (trend component)  
for Denmark (DNK), Spain (ESP), Finland (FIN), France (FRA) 

 
Source: compiled by the authors. 
 
However, if the cyclical components' behaviour in most EU countries is 

the same, the trend components' behaviour is quite different. Figure 2 shows the dy-
namics of the trend component of the growth rate of total factor productivity for 
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Finland, France, Denmark and Spain. It demonstrates that even among the deve- 
loped “old” EU countries, there are no common patterns in productivity dynamics, 
except for the global impact of the 2008–2009 crisis. 

Table 1 shows descriptive statistics for the variables of model (4): mean 
values, medians, and standard deviations for TFP growth rates, R&D expenditures 
and international trade volumes, as well as characteristics of the volatility of world 
oil prices. Values are given for the entire set of EU countries, for the “old” EU-15 
members and for the three Nordic countries. 

 
Table 1 

Descriptive statistics of model variables (4) for different groups of EU countries 

Переменная EU countries / EU	15 / Nordic countries 

 Mean Median St. deviation 
𝛥 lnሺ TFPሻ 0.78/0.15/0.5 0.7/0.26 /0.62 2.5/1.8/1.2 

𝛥 lnሺ 𝑅𝐷ሻ 3.6/3.3/3.0 3.3/3.8/3.2 8.9/5.0/4.9 

Δ lnሺ Tradeሻ 4.5 3.7/3.3 5.0/4.5/4.3 8.5/7.1/7.7 

Vol 1.7 0.4 3.1 

 
Source: compiled by the authors. 
 
As can be seen from Table 1, despite a sharp drop in TFP growth rates in 2009, 

the average value for all considered groups is positive. For the Nordic countries, 
the average growth rate is higher, and the standard deviation is lower than for the 
EU15. This suggests that, on average, these countries are more stable in increasing 
the total factor productivity than other “old” EU members. However, “new” EU 
members provide higher TFP growth for the EU as a group. At the same time, 
the growth rates of R&D expenditures, as well as the growth rates of foreign trade 
for the Nordic countries, are on average the same as for other groups of countries. 
So, we assume that specific factors provide higher TFP growth rates for Denmark, 
Sweden, and Finland, not only model’s (4) factors. 

The results of estimating the parameters of the model (4) are shown in Table 2. 
The estimation was carried out for 24 EU countries (due to the availability of data) 
from 1990 to 2018. In the right column of Table 2, we show results for the three 
Nordic countries (Denmark, Sweden, Finland) already mentioned to be global in-
novation leaders. 

 
Table 2 

Estimation of model parameters for the growth rate of total factor productivity 

Variable Full sample (EU countries) Nordic countries  
(Denmark Finland, Sweden) 

Δ lnሺ 𝑅𝐷ሻ 0,03** 
(0,01) 

0,06** 
(0,03) 

𝛥 lnሺ Tradeሻ 
0,11*** 
(0,03) 

0,15*** 
(0,03) 

Vol 
–0,27*** 

(0,05) 
–0,25*** 

(0,05) 

𝑅ଶ 0,49 0,75 

N 558 63 
 
Note. * OLS estimates of parameters and standard errors (in parenthesis) are given. ** Significance 

at the 5% level. *** Significance at the 1% level. 
Source: compiled by the authors. 
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The assessment results show that the model is much better fitted for the Nordic 
countries – leaders in innovative development than for the EU as a whole. A 75% 
change in the regressors included in equation (4) explains the change in the growth 
rate of total factor productivity, while for the EU countries as a group, the model 
expaines less than 50% of the variability in TFP growth rates. Moreover, the Nor-
dic countries’ TFP growth rates are more sensitive to changes in the growth rate 
of R&D expenditures than in the EU as a whole. 

What factors can be identified that determined the Nordic countries’ leader-
ship in innovative development and made it possible to obtain higher rates of total 
factor productivity? 

Supporting innovations in Nordic countries 

A distinctive feature of the Nordic countries is their developed national inno- 
vation system (NIS), which is built on the principle of a “triple helix” (Reshetni- 
kova, 2020). All the elements of such a spiral – the state, companies, universities – 
closely interact. The high level of cooperation between the various elements of  
the spiral provides a higher innovative return. In addition, another distinctive fea-
ture of all Nordic countries (including Norway and Iceland) is the focus on the use 
of regional potential. Thus, governments develop strategies, and regions carry out 
appropriate measures, which increases the speed of making innovative decisions 
and ensures a certain even distribution of innovative results. 

The main government body that determines innovation policy in Finland is 
the Research and Innovation Council. The Ministry of Education and Culture over- 
sees the activities of the Academy of Sciences and universities. The Ministry of 
Education, Science and Culture and the Ministry of Trade and Industry account for 
80% of all government R&D spending in Finland. The government agency Tekes 
plays an important role in NIS Finland, which supports research, technology deve- 
lopment and innovation. The agency makes independent decisions regarding the fi-
nancing of scientific projects. Another state-owned company, Sitra, is supporting 
startups and venture funding. An important link in NIS is the Finnish Technical 
Research Center (VTT), which focuses on the following social problems and growth 
opportunities for Finland: climate, resource sufficiency, quality of life, safety, in-
dustrial modernization. Even though in the structure of R&D expenditures a large 
share belongs to the entrepreneurial sector (on average, about 60% of all R&D 
expenditures in 2010–2018), the public sector plays an important role in coordi-
nating innovation policy. 

Sweden also has an extensive system of state support for innovation. The Go- 
vernment is in charge of developing the innovation strategy, with the key minis-
tries being the Ministry of Education and Research and the Ministry of Entrepre-
neurship and Innovation. These ministries manage the Swedish Research Council, 
the Venture Capital and Long-Term Loan Fund, the Swedish Management of In-
novation Systems, the Small and Medium Business Support Fund, the Strategic 
Research Fund and other funds and organizations. 

TNCs (Volvo, Ericson, Scania, Skanska and others), which are actively de-
veloping innovative products, have made a great contribution to innovative Sweden. 
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Thus, we can say that in the Nordic countries, there are well-developed in-
stitutions to support innovation. For this indicator, countries are leaders in con-
ducting a comprehensive assessment of the level of innovative development. 

The Global Innovation Index (GII), calculated annually by the INSEAD In-
ternational Business School in cooperation with Cornell University and the World 
Intellectual Property Organization, is a widely recognized tool for assessing the level 
of innovation. For a number of years, Sweden has been recognized as one of 
the global leaders in innovative development; in 2020, this country took 2nd place 
in the world, behind only Switzerland in the ranking. Sweden has a strong record 
in both Innovation Input and Innovation Output. The list of top 10 countries in inno-
vative development includes Finland (8th position) and Denmark (9th position). 

 

 
 

Figure 3. Assessment of the development level of the Nordic countries  
according to 7 GII indicators (2020), score 

 
Source: compiled by the authors based on data from the Global Innovation Index. 
 
Figure 3 clearly shows a comprehensive assessment of the level of innova-

tive development of the Nordic countries, taking into account the structure of 
the GII, which includes 5 indicators that assess countries' resource capacity for in- 
novation, and 2 indicators characterising the effectiveness of innovation. 

All the Nordic countries, especially Denmark, Sweden, and Finland, have highly 
developed institutions that promote innovation. These countries have high scores 
on Government effectiveness, Political environment, Regulatory quality, Rule of law. 

The indicators of the group Human capital and research have high marks in 
the leading countries. High spending on education and R&D, the number of resear- 
chers per capita, the length of secondary education and enrollment in higher educa- 
tion are the strengths of the resource component of innovation in all three countries. 

Infrastructure development is also assessed quite high in all three countries. 
Here, it is necessary to highlight such an indicator as E-participation (public par-
ticipation in political and public life using information and communication tech-
nologies), which is estimated at 100 points in Denmark and Finland, and quite high 
in Sweden. In general, all indicators related to the use of ICT as a resource have 
high scores (except for the indicator ICT access). 
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The performance of activities in the field of knowledge and technology is 
highly appreciated in leading countries due to patent activity, a large share of ex-
ports of ICT services and payments for intellectual property received in the total 
volume of foreign trade. 

Nevertheless, despite the overall high level of innovation activity, the growth 
rate of labor productivity (Growth rate of PPP $ GDP/worker) in these countries 
is low (Denmark has the highest position in this indicator among the Nordic coun-
tries, ranking 65th in the ranking GII). The paper (Balashova, 2016) shows that  
the effect of increased innovation activity is most noticeable for countries with re- 
latively low levels of productivity and practically insignificant for countries with  
a high level of GDP per worker, which include the three Nordic countries under 
consideration. And despite the undeniable link between innovation and economic 
growth, this link is not linear and requires continuous improvement in transmis-
sion mechanisms. 

Conclusion 

This article examines the relationship between productivity and innovation 
activity in the Nordic countries. Sweden, Finland and Denmark have been in the top 10 
most innovative countries according to the GII for eight years. Labour productivity 
growth rates are not high in these countries. However, the growth rates of the total 
factor productivity (labour and capital) for global innovation leaders to a much 
greater extent depend on such key indicator of the development of innovative ac-
tivity as R&D spending than for the EU countries as a group. Large expenses by 
themselves do not provide innovative leadership and the growth of total factor 
productivity, but in combination with the high quality of political and social insti-
tutions, the all-round development of the national innovation system according to 
the triple helix principle, developed infrastructure and widespread use of ICT, R&D 
spending makes a significant contribution to productivity increase. Historically, 
the Nordic countries specialized in the extraction and processing of natural resour- 
ces (for example, in Sweden it is iron, copper, lead, zinc, etc.; in Finland – timber, 
copper, zinc, silver), but now these countries are successfully developing techno- 
logies and innovation, which, when exporting, provides not only a higher value 
added but also the preservation of natural resources. 

The Nordic countries’ experience can be useful for finding development 
mechanisms for those regions of Russia that do not have their own resource base, 
powerful industrial potential or unique natural and climatic conditions. The Nor-
dic countries are countries with small economies, low populations and rather dif-
ficult climatic conditions. Simultaneously, well-thought-out innovative national 
development strategies and strong support from the European centre allowed these 
countries to become European and world innovative leaders. And they provided  
a higher return on research and innovation compared to other European countries. 
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