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Economic Growth and Investment in R&D:
Contemporary Challenges for the European

Union

Rata Baneliené and Borisas Melnikas

ABSTRACT

KEY WORDS:

JEL Classification:

This paper presents new approaches to investigating economic growth and innovation activity as well as
analyzing investment in R&D needs and efficiency in the context of contemporary challenges for European
integration. Our research modeled the impact of R&D investment on GDP growth under broad conditions
of globalization. In addition to capital and labor factors, we took into account factors that influence climate
change, keeping in mind their relation to economic activity. Additionally, we paid particular attention to
other factors driving sustainable economic growth, such as consumption of scarce resources as well as in-
equality and poverty. Herein, we proposed new modeling conceptions for evaluating the impact of R&D
investment on economic growth. The suggested method was adapted to analyze the case of development
processes in the European Union. Our research confirmed the hypothesis that R&D expenditure has a positive
impact on economic growth, and the impact is much higher in well-developed EU economies under condi-
tions of sustainable economic development and globalization. The research was based on the case of the
European Union economies. The panel least squares method was applied for the modeling and estimations.

economic growth, R&D investment, European Union, sustainable development.

A10,E17,F01, F39, 039.

Vilnius Gediminas Technical University, Lithuania

1. Introduction
Economic growth processes and their acceleration are
widely perceived to be essential in solving current social
and economic problems and improving the quality of
social and economic life in the context of the contempo-
rary challenges of globalization and European integra-
tion. Therefore, priority should be given to problems,
needs and opportunities in activating economic growth.
Innovation and innovation stimulation, as well as
related economic policy decisions, are a very wide and
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complex area of practice and scientific study. This area
could be considered particularly difficult: in the real
world, innovation research has to constantly respond to
new and increasingly complex challenges arising from
globalization and growth in international competition,
and existing early-stage scientific knowledge is becom-
ing inadequate for rapidly changing needs.

One of the most complicated and essential issues re-
quiring both serious scientific research and knowledge,
as well as informed economic policy decisions, is the
role of R&D investment and its impact on economic
growth. Answering this question requires the ability to
measure the impact of R&D investment on economic
growth properly, purposefully and comprehensively.

This work is licensed under a Creative Commons Attribution 4.0 International License.
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The answer determines the ability to select in a well-
grounded way the most viable and highest-priority di-
rections for innovation activity and, at the same time,
develop and implement effective economic policy de-
cisions.

These objectives could be furthered by comprehen-
sive modeling of various investments in R&D process-
es and alternatives, including the specific contexts of
different countries and regions.

In turn, relevant instruments must be developed
and used with an eye toward understanding and solv-
ing a double-faceted scientific and practical problem:
(a) R&D investment needs and the impact of R&D on
economic growth are not properly taken into account
in either current innovation stimulation practices and
activity or economic policy development and imple-
mentation, and (b) R&D investment modeling often
does not adequately reflect the specificities of the situ-
ation in different countries and regions.

Obviously, this problem is important in both scien-
tific and practical terms, especially under the contem-
porary conditions of social and economic development
in the European Union. There are many specific chal-
lenges that are especially relevant in achieving prior-
ity goals in social development, enhancing economic
growth and R&D investment efficiency, and increasing
competitiveness in the EU.

This problem could be analyzed and solved in two
directions by (a) analyzing and prioritizing innovation
activity and investment in R&D processes, taking into
account the contemporary challenges for social and
economic development and technological progress in
the EU and (b), analyzing and improving the assess-
ment and modeling of the impact of R&D investment
on economic growth, especially under the current de-
velopment conditions in the European Union.

This paper presents a theoretical investigation and
the results of empirical research in these directions in
more detail.

2. Theoretical Approach and Empirical
Background

Research on economic growth processes and sci-
entific and technological progress, enhancement,
and acceleration covers a wide range of topics and
issues (Spetzler et al., 2016). This research has be-

come essential—especially under the current con-
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ditions of globalization, European integration and
development of knowledge-based societies and
knowledge economies—and should focus on the
following:

— orientation towards solving the progress prob-
lems that are most important for contemporary soci-
etal development (Boldrin & Canova, 2001; Calori et
al,, 1999; Chortareas & Pelagidis, 2004; Currie, 2000;
Drews et al., 2018; Garrett & Mitchell, 2001; Grace &
Butler, 2005; Hayo & Seifert, 2003; Huseman & God-
man, 1999; Krugman & Obstfeld, 1997; Leydesdorft,
2004; Melnikas, 2002, 2011, 2013; Melnikas & Reichelt,
2004; Perraton, 2001; Rosenzweig, 2001; Steinmueller,
2002; Tomaselli et al., 2019);

— development of conditions, assumptions, and
effective tools, measures, and applications to pur-
posefully enhance social and economic prosperity,
scientific and technological progress, and economic
growth (Alexiou et al., 2018; Armstrong, 2006; Carlaw
& Lipsey, 2003; David & Foray, 2002; Ein-Dor et al.,
2004; Feng & Ji, 2018; Hummels et al., 2001).

The following particularly significant social and
economic problems could be defined in contemporary
society, especially the EU:

— limited supply and efficient use of raw materials
and energy resources. These problems are particularly
relevant in the EU and the European Economic Area
in general because the European economy is heavily
dependent on natural raw material and energy im-
ports.

At the EU level, the following 20 raw materials (Eu-
ropean Commission, 2014) were listed as critical for
the EU because the risk of supply shortages and the
resulting impacts on the economy is higher than for
most other raw materials: antimony, beryllium, bo-
rates, chromium, cobalt, coking coal, fluorspar, gal-
lium, germanium, indium, magnesite, magnesium,
natural graphite, niobium, phosphate rock, platinum
group metals, heavy and light rare earth elements, sili-
con, and wolfram (for which China is the most influ-
ential country in terms of global supply).

Additionally, the EU is highly dependent on im-
ports of energy products. According to Eurostat
(2019a), the EU-28’s dependency on energy imports
increased from slightly more than 44% of gross avail-
able energy in 1990 to 52.9% in 2007 and then to 55.1%
by 2017. Since 2004, the EU-28s net imports of energy
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have been greater than its primary production; in oth-
er words, more than half of its gross available energy
was supplied by net imports. The situation is much
more critical in the cases of oil and petroleum prod-
ucts, where the dependency rate was 86.7% in 2017,
and natural gas, where the dependency rate was 74.3%.
According to Eurostat (2019b), crude oil is the larg-
est imported energy product (70% of total EU energy
imports in the first half of 2018), ahead of natural gas
in the gaseous state (19%). Russia and Norway are the
largest suppliers of petroleum and natural gas to the
EU: In 2018 Russia provided 27.9% and 41.5% by net
mass of all EU petroleum and natural gas imports, re-
spectively, and Norway 10.9% and 32.7%.

— Problems of social, economic, and ecological de-
velopment sustainability, including economic growth
and focusing adequately on the needs for social stabil-
ity and high quality of life throughout the process of
economic development. These problems are particu-
larly relevant in the context of growing social and eco-
nomic disparities in the world, including contempo-
rary European society.

According to the Eurostat report (2016a) on achiev-
ing targets set in the Europe 2020 strategy, almost ev-
ery fourth person in the EU remained at risk of pover-
ty or social exclusion in 2014. Therefore, the challenge
of fighting poverty is still on the EU policy agenda. The
situation is better in the field of environmental protec-
tion, where EU achievements are significant. In 2014,
EU greenhouse gas emissions were down by 23.0%
compared to 1990 levels. The EU is thus expected to
exceed its Europe 2020 target of reducing greenhouse
gas (GHG) emissions by 20% by 2020. However, the
average global surface temperature continues to rise,
with 2015 being the warmest year on record, and cli-
mate change is still a global, not regional, problem.

— New competition and competitiveness problems
arising in the context of contemporary globalization
and economic internationalization. Particularly signif-
icant are the problems caused by excessive differences
in productivity, purchasing power and economic and
business conditions in different regions and countries,
including in different regions and countries of the Eu-
ropean Union. According to Eurostat (2019¢; 2019d),
in 2018, labor productivity per working hour in the EU
varied from 46.2% of the EU-28 average in Bulgaria
to 177.3% in Ireland; compensation of employees per

www.ce.vizja.pl

hour worked varied from €5.5 in Bulgaria to € 46.6 in
Luxemburg.

— A rising gap between expectations and opportu-
nities to realize them in many areas of social and eco-
nomic life. They create preconditions for conflicts and
unsustainable development in many areas of social and
economic life, in various economic and business sec-
tors and in many regions and countries.

It is obvious that the solutions to these problems
should be based on innovations and scientific and
technological tools, measures and capabilities oriented
towards:

— finding and implementing various alternatives
for efficient use of scarce raw materials and energy re-
sources (Voudouris et al., 2015);

— implementing sustainability goals, in particular
achieving sustainable social, economic and ecologi-
cal development (Bond et al., 2001; Drews et al., 2018;
Kim & Shin, 2002; Liu et al., 2019; Olsen & Osmund-
sen, 2003; Ott & Soretz, 2018; Ouyang et al., 2019);

— achieving a high level of competitiveness in all
areas of economic activity, as well as implementing
various ambitious quality, prosperity and social com-
fort standards (Hofbauer, 2003; Hunt, 2000; Melnikas
& Reichelt, 2004);

— reducing social and economic disparities and
eliminating the preconditions for various kinds of con-
flict and exclusion (De Dominicis, 2014; DellAnno &
Amendola, 2015; Caraballo et al., 2017; Ghose, 2004;
Goeransson & Soederberg, 2005).

These needs and aspirations to solve the social, eco-
nomic and other problems described underline the
priority of developing conditions and assumptions and
preparing effective tools and measures for use in pur-
poseful social and economic development, economic
growth and scientific and technological progress.
These priorities reflect the prospects for R&D activi-
ties, scientific and technological progress, and research
in social and economic development and economic
growth in general (Melnikas, 2011, 2014).

The basic concept is to assess the impact of R&D
investment on economic growth, which could allow
rational identification of R&D investment needs and
priorities. An investment in the identification of R&D
priorities could be defined as the first crucial phase in
the multilevel processes of initiation and enhancement

of economic growth and social and economic develop-
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ment-oriented innovations.

These circumstances illustrate the necessity of the
impact of R&D investment on economic growth as-
sessment and modeling, taking into account contem-
porary conditions.

This impact, as well as the main estimation results
based on modeling the impact for European Union

economiies, is presented in this paper in more detail.

3. Methodology: Model and Data

The model is based on the theoretical approach de-
scribed in the previous section and focuses on economic
growth, which could be driven by:

(1) The indicators set in the Europe 2020 strategy,
which are in line with five major directions for enhanc-
ing EU competitiveness: employment, R&D investment,
climate/energy targets, education, and fighting poverty;
and

(2) Indicators covering the broader innovation and
economic growth context: intellectual property rights
protection, material consumption, and inequality.

The major idea was to develop a model for evaluat-
ing R&D investment impact on economic growth in the
European Union by using indicators that reflect con-
temporary challenges for the European Union under
sustainable economic development and globalization
conditions.

Therefore, indicators are divided into four separate
fields: capital indicators, labor and labor force
quality indicators, intellectual property protection
indicators, and sustainability indicators, which
are based on the idea of sustainable societal and
environmental development, including management
of scarce resources.

For modeling, we used annual Eurostat data
for the EU-28 countries for the period 2007-2016
(Eurostat 2016b). In the field of capital indicators, we
used Eurostat data on R&D investment, including
separate data on business investment. These
indicators are in line with the directions of the
Europe 2020 strategy. Additionally, Eurostat data
used in the category of labor and labor force quality
included the employment rate, early leavers from
education and training, and tertiary educational
attainment, which related to targets set in Europe
2020 strategy as well; other indicators, such as
persons with tertiary education and/or employed
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in science and technology, and persons employed
in science and technology, are closely related to
enhancing innovation.

With the intention of better reflecting the real
innovation environment, we also used other
Eurostat data on patent applications to the European
Patent Office (EPO) and sustainability indicators
on climate and energy, inequality, and poverty,
which also reflect the directions of the Europe
2020 strategy. Additionally, as mentioned in the
Theoretical Approach section, where we discussed
scarce materials and effective consumption, we
used the domestic material consumption indicator
provided by Eurostat for modeling. In addition,
we used a few indicators calculated by the World
Bank (GINI index) and NASA (annual European
temperature deviation) (see Figure 1). All data
were expressed per capita or as share of the total to
estimate the impact of the independent variables on
GDP per capita.

Hypothesis: R&D expenditure has a positive
impact on economic growth, and its impact
is higher in well-developed economies under
conditions of sustainable economic development
and globalization.

Our target is to make a broader estimation
focusing on the innovation environment and
impact on GDP growth by using a wider spectrum
of data on sustainable economic growth.

The major equation of our model uses R&D
investment as the major indicator whose impact on
GDP is estimated. Our model uses early leavers from
education and training (ELET) asalabor force quality
indicator. As independent environmental variables,
the model includes domestic material consumption
(DMC) per capita in tons and greenhouse gas
emissions (GHGE) per capita. Finally, one of two
poverty indicators is used for modeling in separate
equations: mean equivalized net income (MENI)
in euros is used as the independent variable in the
main equation; in another equation, the inability
to face unexpected financial expenses (IFUFE) is
the independent variable used. Other indicators,
provided in Table 1, are also used for the modeling
process but extracted from the equations due to
their insignificance or better representation of other
indicators in the same field.
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Capital indicators:
Tntramural R&D expenditure per
capita (in EUR);
Intramural R&D expenditure per
capita in business enterprise
sector (in EUR).

'SR

Labor and labor force quality
indicators:

Employment rate (age 20-64);
Early leavers from education and
training;

s |
R =2 g E Tertiary educational attainment;
ERA SE Persons with tertiary education
Ta s - andior employed in seience and
8 technology (% of total
g employment):
4 Persons employed in science and —
‘technology (% of total - -
employment) Material consumption:
Domestic material consumption
| ‘per capita (in tons).

Protection of intellectual
property indicator:
Patent applications to the EPO

(per million inhabitans).

Climate/energy:
Greenhouse gas emissions per
capita;

Share of renewable energy in

5105 il encrgy consumption:
Annual Furopean temperature
|
Inequality and poverty:
GINI index;
lnab;il:ltay;;af;ce;pu:n?;eded
Mean equivalized net income.
Figure 1. Used for modeling independent variables.
Table 1. Variables description.
Variable Description
GDP/capita Gross domestic product at market prices in euros per capita
R&D/capita Total intramural R&D expenditure in euros per inhabitant
R&DB/capita R&D expenditure of business enterprise sector in euros per inhabitant
ER Employment rate, age group 20-64
ELET Early leavers from education and training, % of the population aged 18-24
TEA Tertiary educational attainment, % of the population aged 30-34
PTEEST Persons with tertiary education and/or employed in science and technology, % of total
employment

PEST Persons employed in science and technology, % of total employment
PA Patent applications to the European Patent Office (EPO) per million inhabitants

www.ce.vizja.pl This work is licensed under a Creative Commons Attribution 4.0 International License.
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Table 1. Variables description (Continued).

Variable Description

PA Patent applications to the European Patent Office (EPO) per million inhabitants

DMC/capita Domestic material consumption per capita in tons

GHGE/capita Greenhouse gas emissions per capita in units of CO2 equivalents

RE Share of renewable energy in gross final energy consumption

AETD Annual European temperature deviation (GISTEMP; from NASA Goddard Institute for
Space Studies)

GINI GINlindex

IFUFE Inability to face unexpected financial expenses, % of persons in the total population who
are in the state of enforced inability to face unexpected financial expenses.

MENI Mean equivalized net income, in euros per person in household

Table 2. Review regression estimation: case of low GDP.

Variable Coefficient Std. Error t-Statistic Prob.
C 13075.31 1279.887 10.21599 .0000
R&D/capita 6.561917 1.097982 5.976341 .0000
ELET -115.2338 22.56934 -5.105766 .0000
DMC/capita 274.2973 21.97771 12.48071 .0000
GHGE/capita -429.8853 83.15100 -5.169935 .0000
MENI 0.661375 0.059637 11.09007 .0000
CONTEMPORARY ECONOMICS DOI: 10.5709/ce.1897-9254.331
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Table 2. Review regression estimation: case of low GDP (Continued).

Effects Specification
Cross-section fixed
(dummy variables)

Weighted Statistics
R-squared 0.996389 Mean dependent var 42752.61
Adjusted R-squared 0.995921 Standard deviation 19049.15

dependent var
Standard error. 1641.131 Sum squared resid 6.65E+08
of regression
F-statistic 2129.704 Durbin-Watson stat 1.254255
p(F-statistic) 0.000000
Unweighted Statistics

R-squared 0.989693 Mean dependent var 25367.14
Sum squared resid 7.93E+08 Durbin-Watson stat 0.706025

The main equation of our model, reflecting the
estimation conditions for lower GDP per capita, is:

GDP DMC GHGE

capita

+

=c+ 222 L ELET +

capita

+MENI+ ¢ (1)

capita capita

The second equation, reflecting the estimation
conditions for higher GDP per capita, is:
GDP R&D

=c+

capita capita

DMC
capita

GHGE
capita

+ ELET +

+

+IFUFE + € (2)
where GDP/capita is gross domestic product at

market prices per capita in euros; R&D/capita
is total intramural R&D expenditure in euros
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per inhabitant; ELET is the labor force quality
indicator of early leavers from education and
training (% of the population aged 18-24);
and the three sustainable economic growth
indicators for material consumption, climate
and energy, and poverty are, respectively,
DMC/capita (domestic material consumption
per capita in tons), GHGE/capita (greenhouse
gas emissions per capita), and MENI (mean
equivalized net income in euros). In the
estimation in equation 2, MENT is replaced by
the poverty indicator IFUFE (inability to face
unexpected financial expenses).

This work is licensed under a Creative Commons Attribution 4.0 International License.
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4. Results

The panel least squares method with cross-section
weights and fixed cross-section variables (dummy
variables) was used for the estimations. We used an-
nual data from the period 2007-2016 for 28 Euro-
pean Union countries with 280 observations. Mod-
eling was done using the Eviews10 program.

The modeling results prove our hypothesis that
R&D expenditure has a strong positive impact on
GDP growth and a higher impact in well-developed
economies under conditions of sustainable eco-
nomic development and globalization.

When the GDP per capita starting point is 13,075
euros, every euro per capita invested in R&D will
increase GDP per capita by 6.6 euros (see equation 3
and the modeling results provided in Table 2).

GDP R&D

2 = 13075.31 + 6.5619 —— — 115.2338 ELET
capita capita

(3)

+274.2973 225 _ 429.8853 2 4 0.6614MENI + ¢

capita capita

R-squared (R?) = 0.9964; adjusted R-squared (R?) =
0.9959; D-W = 1.2543.

In addition, the modeling results show a positive
impact of labor force quality growth by decreasing
the level of early leavers from education and train-
ing. The sustainability indicators have a positive
impact on economic growth, as the domestic mate-
rial consumption per capita is in line with the logic
that to produce higher gross added value, which is
part of GDP and has an impact on GDP growth,
more materials could be needed. The other indica-
tor that is important for modeling is greenhouse
gas emissions per capita, which has a positive im-
pact on sustainable GDP growth by shrinking the
value of GDP per capita growth due to strict Euro-
pean Union policies on environmental protection
and reducing greenhouse emissions to slow climate
change. The last sustainability indicator—which
represents sustainable development of society, the
mean equivalized net income poverty indicator—
also has a positive impact on economic growth.

The modeling results using equation 2 show the
same relationships. However, in this case, we have a
GDP level that is twice as high as the starting point
of 26,468 euros per capita, and twice the multipli-
cation effect of R&D investment on GDP growth.

CONTEMPORARY ECONOMICS
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Every euro per capita invested in R&D will increase
GDP per capita by 13.1 euros. The results show that
investment in R&D in well-developed EU econo-
mies has almost twice the impact on GDP growth
in comparison with EU economies in which GDP
per capita is around 13 thousand euros.

PP _ »6468.35 + 13.0878 -2 _ 165.1856 ELET
capita capita
(4)
+2945110 225 — 757.6589-2%E _ 68,9334 [FUFE + ¢
capita capita

R-squared (R?) = 0.9959; adjusted R-squared (R?) =
0.9954; D-W = 1.1334.

As in the first estimation, early leavers from edu-
cation and training have a positive impact on GDP
growth when their numbers are reduced. In addition,
domestic material consumption grows when GDP
grows. Greenhouse gas emissions per capita decline
when GDP grows due to the strict EU rules on envi-
ronmental protection. The last sustainability indicator
in the equation reflects sustainable development of
society and has a positive impact on GDP growth by
reducing the share of people who are unable to face
unexpected financial expenses (see equation 4 and the
modeling results provided in Table 3).

Our modeling proved the hypothesis that the mul-
tiplication effect of R&D expenditure on economic
growth is higher in well-developed economies under
conditions of sustainable economic development and
globalization and has half the impact on GDP growth
in EU economies where the GDP level is near 13 thou-
sand euro per capita in comparison to economies
whose GDP starting point is twice as high. In other
words, each euro per capita invested in R&D in Bul-
garia, Romania, Croatia, Poland, Hungary and Latvia,
where GDP per capita is below 13 thousand euros (see
Appendix A) will have a high impact on GDP growth
(one euro per capita invested in R&D will increase
GDP per capita by 6.6 euros), but this will be half
the impact of R&D investment in well-developed EU
economies where GDP per capita reaches 26,000 eu-
ros, such as Italy and France.

5. Conclusions and Discussion

The developed concept of assessing and modeling the
impact of R&D investment on economic growth could
be successfully used in various analyses of the situation

DOI: 10.5709/ce.1897-9254.331
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Table 3. Review regression estimation: case of higher GDP.

Variable Coefficient Std. Error t-Statistic Prob.
C 26468.35 2138.056 12.37964 .0000
R&D/capita 13.08776 1.590171 8.230414 .0000
ELET -165.1856 24.79300 -6.662588 .0000
DMC/capita 2945110 25.15382 11.70840 .0000
GHGE/capita -757.6589 106.0518 -7.144235 .0000
IFUFE -68.93342 13.31886 -5.175624 .0000
Effects Specification
Cross-section fixed

(dummy variables)

Weighted Statistics
R-squared 0.995929 Mean dependent var 42773.59
Adjusted R-squared 0.995402 Standard deviation 26589.12
dependent var

Standard error 1616.601 Sum squared resid 6.46E+08
of regression

F-statistic 1888.294 Durbin-Watson stat 1.133436
p(F-statistic) 0.000000

Unweighted Statistics

R-squared 0.988499 Mean dependent var 25367.14
Sum squared resid 8.85E+08 Durbin-Watson stat 0.653776
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of the European Union economy. This concept would
make it possible to identify in detail and justify innova-
tion activities and R&D investment priorities in accor-
dance with the needs of economic growth and sustain-
able social, environmental and economic development.

Our modeling under conditions of sustainable
economic development and globalization proved the
hypothesis that the multiplication effect of R&D ex-
penditure on economic growth is higher in well-devel-
oped economies and has half as much impact on GDP
growth in EU economies where the GDP level is low
(near 13 thousand euros per capita). In other words,
each euro per capita invested in R&D in Bulgaria, Ro-
mania, Croatia, Poland, Hungary and Latvia (where
GDP per capita is below 13 thousand euros) will have
a high impact on GDP growth (one euro per capita
invested in R&D will increase GDP per capita by 6.6
euros), but this will be half the impact of investment
in R&D in well-developed economies where GDP per
capita reaches 26 thousand euros, such as Italy and
France.

Further research and comprehensive analysis of the
processes of R&D investment and an integrated analy-
sis of the processes of economic growth in the Euro-
pean Union are considered important preconditions
for solving contemporary problems, enhancing social
and economic development, and advancing science
and technology.
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Appendix
Table A. Statistical data used for modeling .
0
T v
GDP/ R&D/ MC/ . p X euros per p R
S o (% of the ita (i (in units sons in
Country Year capita (in  capita (in capita (in person
popula- of CO2 . the total
EUR) EUR) ; tons) . in house-
tion aged equiva- hold) popula-
18-24) lents)* tion)
2007 32400 600.6 12.1 16.9 135 19143 20.9
2008 33100 638.7 12.0 16.8 134 19986 239
2009 32300 644.0 1.1 15.1 121 21002 238
2010 33500 690.7 11.9 15.1 12.6 21353 254
2011 34500 742.8 12.3 15.8 1.5 21628 26.1
Belgium
2012 35000 7953 12.0 14.1 11.1 21897 25.2
2013 35300 822.1 11.0 13.6 11.0 23279 24.2
2014 35800 854.3 9.8 13.1 10.5 23429 24.0
2015 36600 900.4 10.1 129 10.8 23673 257
2016 37600 955.6 8.8 129 10.6 24256 259
2007 4200 184 14.9 18.8 9.1 1721 79.2
2008 4900 22.2 14.8 204 9.0 2662 574
2009 4900 24.7 14.7 16.4 7.8 3278 58.4
2010 5100 29.0 12.6 16.3 8.3 3498 65.0
2011 5600 29.8 11.8 18.2 9.0 3429 65.3
Bulgaria
2012 5700 34.6 125 17.6 8.4 3276 68.6
2013 5800 36.6 12.5 17.1 7.7 3509 64.1
2014 5900 46.9 129 18.8 8.2 3907 49.6
2015 6300 60.4 13.4 213 8.7 4093 534
2016 6800 52.5 13.8 18.9 8.4 3857 54.2
2007 13400 175.6 5.2 19.1 14.8 6148 38.5
2008 15500 193.3 5.6 18.6 14.2 6810 379
2009 14200 184.6 54 16.9 13.3 8262 379
2010 14900 200.3 4.9 16.0 135 7981 379
2011 15600 243.4 49 16.9 13.3 8440 40.4
Czechia
2012 15400 2739 55 15.0 12.9 8765 424
2013 15000 285.0 54 14.8 124 8695 41.7
2014 14900 294.0 55 15.2 12.2 8600 40.8
2015 16000 308.4 6.2 15.9 12.3 8345 36.0
2016 16700 280.8 6.6 15.6 124 8808 32.1
Denmark 2007 42700 1077.7 12.9 284 13.2 25113 18.7
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2008 44000 1223.8 125 27.0 124 26030 24.4

2009 41900 1282.0 1.3 225 11.8 25897 25.6

2010 43800 1281.6 11.0 21.0 11.8 26915 237

2011 44500 1312.7 9.6 233 10.8 29347 24.2

Denmark 2012 45500 1360.0 9.1 233 10.0 29690 27.3
2013 46100 1371.8 8.0 21.9 10.2 30082 27.0

2014 47100 1376.2 7.8 219 9.5 31108 28.5

2015 48000 1473.7 7.8 22,6 8.9 31518 26.5

2016 49200 1534.2 7.2 23.8 9.3 32141 24.5

2007 30900 7471 125 16.3 12.1 20270 36.5

2008 31500 810.0 11.8 16.2 12.2 21086 34.9

2009 30400 818.0 111 154 114 21223 34.6

2010 31900 855.9 11.8 15.5 11.8 21470 337

2011 33600 942.0 11.6 17.0 11.8 21549 345

Germany

2012 34100 984.8 10.5 16.4 11.8 22022 334

2013 34900 990.1 9.8 16.3 12.0 22471 329

2014 36100 1043.1 9.5 16.8 11.5 22537 32.6

2015 37100 10934 10.1 15.6 114 23499 304

2016 38100 1121.7 10.3 15.7 1.4 24020 30.0

2007 12100 129.3 14.4 29.0 16.7 5304 222

2008 12300 1554 14.0 26.3 15.1 6333 19.7

2009 10600 147.8 13.5 24.7 12.6 7207 29.6

2010 11000 174.6 11.0 25.0 16.0 6782 43.6

2011 12500 289.1 10.6 26.9 16.1 6570 44.7

Estonia

2012 13500 287.3 10.3 27.0 154 7119 44.7

2013 14300 247.0 9.7 28.8 16.8 7846 41.9

2014 15200 2179 12.0 283 16.2 8820 39.1

2015 15700 230.3 12.2 27.0 13.9 9490 36.7

2016 16500 205.4 10.9 26.8 15.1 10102 31.6

2007 44800 560.4 12.0 41.2 16.2 25988 39.1

2008 41800 584.5 1.7 355 15.6 26809 41.0

2009 37500 605.0 11.8 26.9 14.1 25635 48.6

2010 36800 586.8 11.9 229 13.9 23965 49.1

Ireland 2011 37300 583.2 111 214 129 22886 54.4
2012 38100 595.7 9.9 19.6 129 22781 56.4

2013 38900 610.3 8.7 21.6 129 23392 553

2014 41900 629.9 6.7 20.6 12.7 23723 54.5

2015 56000 669.8 6.8 20.6 13.1 24837 50.0
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Ireland 2016 57200 686.2 6.0 22.0 134 25586 45.2
2007 21100 121.6 14.3 222 125 12130 29.6
2008 21800 144.8 14.4 21.0 12.2 12766 26.6
2009 21400 133.9 14.2 17.8 11.5 13505 26.6
2010 20300 121.6 135 15.9 109 13974 28.2
2011 18600 125.1 129 143 10.6 12626 344
Greece
2012 17300 120.7 1.3 13.2 104 10676 40.5
2013 16500 133.2 10.1 123 9.6 9303 47.1
2014 16400 136.2 9.0 12.7 9.4 8879 51.8
2015 16400 156.9 7.9 12.2 9.1 8683 534
2016 16400 162.7 6.2 11.5 8.8 8673 53.6
2007 23900 297.9 30.8 20.6 10.1 13266 30.8
2008 24300 321.9 31.7 17.7 9.2 16190 29.9
2009 23300 3154 309 143 83 17042 36.5
2010 23200 313.8 28.2 12.6 79 16922 38.7
) 2011 22900 303.9 26.3 11.1 7.9 16280 377
spain 2012 22200 286.0 24.7 8.8 7.8 16119 42.1
2013 22000 278.5 23.6 83 7.2 15635 42.1
2014 22300 275.6 219 8.4 7.3 15405 42.7
2015 23300 283.6 20.0 8.8 7.6 15408 39.8
2016 24100 285.5 19.0 8.6 74 15842 38.7
2007 30300 617.5 12.8 14.3 8.6 18383 345
2008 31000 641.6 11.8 13.9 8.5 22462 341
2009 29900 665.7 124 124 8.1 23191 325
2010 30700 672.3 12.7 12.1 8.1 23421 33.0
2011 31500 694.3 12.3 124 7.7 23882 33.0
France
2012 31800 7126 11.8 12.0 7.7 24499 33.0
2013 32100 722.0 9.7 12.0 7.6 24713 34.0
2014 32400 726.7 8.8 1.7 7.1 24612 334
2015 33000 750.0 9.2 11.1 7.2 24982 328
2016 33400 750.8 8.8 10.9 7.2 25278 31.8
2007 10200 80.7 4.5 13.6 7.4 6291%* 60.8%*
2008 11200 98.7 44 15.6 7.2 6401%* 61.3%*
2009 10500 88.3 5.2 123 6.7 6512%* 61.8%*
Croatia 2010 10500 77.9 5.2 10.4 6.6 6622 62.3
2011 10500 784 5.0 103 6.6 6217 64.4
2012 10300 77.2 5.1 9.4 6.1 5988 67.4
2013 10300 83.2 4.5 10.0 5.9 5817 65.1
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2014 10300 80.0 2.8 9.1 5.7 5799 63.7
Croatia 2015 10600 88.7 2.8 9.7 58 6070 59.8
2016 11200 96.0 2.8 10.1 5.9 6337 57.7
2007 27400 313.1 19.5 14.2 9.8 17314 322
2008 27600 3238 19.6 13.7 9.5 17711 31.9
2009 26400 325.6 19.1 12.3 8.5 17983 334
2010 26800 331.6 18.6 1.5 8.7 18221 33.8
2011 27300 3337 17.8 1.1 8.5 18149 38.2
faly 2012 26700 345.2 17.3 9.5 8.1 18267 42.1
2013 26500 351.6 16.8 8.3 7.5 17932 40.2
2014 26700 358.3 15.0 7.8 7.2 17914 38.8
2015 27200 364.5 14.7 8.3 7.3 17890 39.9
2016 27900 382.0 13.8 8.1 7.3 18286 40.4
2007 22900 929 125 27.3 14.0 18565 42.0
2008 24200 94.5 13.7 40.1 13.8 18571 40.1
2009 23100 104.1 11.7 30.7 13.1 19103 413
2010 23300 105.2 12.7 27.8 124 18929 49.9
Cyprus 2011 23200 107.0 1.3 26.6 11.7 19621 529
2012 22600 99.0 114 19.2 10.9 20218 50.5
2013 21000 101.0 9.1 13.9 10.0 19426 54.3
2014 20700 104.3 6.8 14.0 10.6 18418 59.8
2015 20900 100.7 52 14.2 10.7 16944 60.5
2016 21700 116.5 7.6 15.7 1.3 16943 56.6
2007 10300 56.9 15.6 15.0 5.7 4080 61.3
2008 11200 64.6 155 13.5 5.6 5798 57.0
2009 8800 39.2 14.3 8.2 54 6479 71.4
2010 8500 51.2 129 9.5 6.0 5466 78.1
Latvia 2011 9800 67.8 11.6 11.2 58 5131 80.4
2012 10800 717 10.6 1.4 5.8 5463 73.6
2013 11300 69.1 9.8 124 58 5732 69.5
2014 11800 81.3 8.5 12.0 5.8 6324 67.4
2015 12300 76.6 9.9 13.0 59 6970 60.4
2016 12800 56.1 10.0 11.6 6.0 7526 60.0
2007 9000 71.6 7.8 15.1 7.9 3938 42.4
2008 10200 80.2 7.5 16.2 7.7 4902 40.1
Lithuania 2009 8500 70.2 8.7 11.0 6.3 5843 533
2010 9000 69.9 79 124 6.7 4975 62.3
2011 10300 92.6 74 13.8 7.1 4503 61.3
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2012 11200 99.3 6.5 12.8 7.2 5124 60.4
2013 11800 111.9 6.3 15.7 6.8 5648 56.9
Lithuania 2014 12500 128.0 5.9 14.8 6.9 5975 54.7
2015 12900 133.4 5.5 15.0 7.0 6558 53.2
2016 13500 1134 438 15.7 7.1 7033 53.2
2007 77300 12424 12,5 26.5 28.2 34223 21.5
2008 77900 1279.0 134 227 27.5 35448 19.6
2009 74200 1256.9 7.7 21.8 25.8 36475 25.4
2010 79200 12024 7.1 216 26.5 36410 24.4
Luxem- 2011 83100 12336 6.2 21.0 25.6 36662 23.0
bourg 2012 83000 1069.6 8.1 203 24.3 36925 24.8
2013 85300 1127.9 6.1 208 227 38442 238
2014 89200 11458 6.1 213 215 38555 2338
2015 90600 11765 9.3 24.0 204 39707 23.0
2016 91300 1198.1 5.5 239 19.8 39415 21.9
2007 10200 97.1 114 11.8 7.3 4363 67.0
2008 10800 105.4 1.7 133 7.1 4827 67.6
2009 9400 106.4 1.5 10.7 6.5 5201 75.2
2010 9900 1124 10.8 9.8 6.6 4631 739
Hungary 2011 10200 1206 114 9.9 6.4 5055 74.4
2012 10000 126.6 1.8 8.7 6.1 5250 75.0
2013 10300 142.8 1.9 10.0 5.8 5027 749
2014 10700 144.7 114 12.9 5.9 5124 759
2015 11300 153.3 116 12.7 6.2 5165 722
2016 11600 1395 124 12.2 6.3 5396 50.8
2007 14200 77.9 30.2 8.8 8.2 10200 337
2008 15000 80.1 27.2 7.7 8.2 11165 3238
2009 14900 77.3 25.7 8.2 7.6 11866 29.4
2010 15900 2.7 23.8 7.0 7.8 11794 28.2
Vialta 2011 16400 111.0 22.7 9.1 8.0 12097 27.2
2012 17100 141.9 21.7 103 8.3 12663 25.0
2013 17900 139.8 20.8 8.9 7.5 13438 23.0
2014 19600 141.0 20.9 1.9 7.4 14315 24.6
2015 21700 162.6 20.2 13.7 5.7 15172 21.4
2016 22700 1303 19.2 137 5.0 15505 208
2007 37800 632.2 1.9 1.7 13.4 20809 213
Nether-
lands 2008 39400 640.2 114 124 13.3 22303 19.4
2009 37800 6313 113 11.6 12.8 22790 18.7
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2010 38500 657.1 10.1 11.5 13.5 22692 22.2

2011 39000 734.6 9.2 11.2 12.6 22556 21.7

2012 39000 7479 8.9 10.7 12.3 22951 22.0

Nlitnh w2013 39300 759.6 9.3 101 123 23125 234
2014 39800 788.4 8.7 10.3 11.8 23190 23.7

2015 40700 810.4 8.2 11.0 12.2 23925 229

2016 41600 833.0 8.0 9.9 12.2 25366 225

2007 34200 829.1 10.8 214 10.8 20342 28.7

2008 35300 908.5 10.2 20.3 10.7 21681 28.7

2009 34500 897.4 8.8 18.9 9.9 22756 244

2010 35400 965.9 8.3 19.2 10.4 23576 25.0

Austria 2011 37000 988.2 85 20.3 10.1 23922 23.6
2012 37800 1104.6 7.8 19.3 9.7 24423 22.2

2013 38200 11324 7.5 18.8 9.7 24366 23.2

2014 39000 1207.7 7.0 18.6 9.2 26080 239

2015 39900 1223.0 7.3 18.2 9.4 25958 22,6

2016 40800 1279.6 6.9 19.0 9.4 26054 22.6

2007 8200 46.3 5.0 16.5 11.0 4150 54.4

2008 9600 57.6 5.0 16.9 10.8 4940 50.7

2009 8200 55.0 53 16.2 10.3 5984 50.0

2010 9400 68.6 54 17.0 10.9 5116 50.6

Poland 2011 9900 74.5 5.6 21.0 10.8 5813 51.2
2012 10100 90.1 5.7 18.3 10.6 5902 54.1

2013 10300 90.3 5.6 17.3 10.6 5976 50.5

2014 10700 101.6 54 17.2 10.2 6163 48.6

2015 11200 113.6 53 16.9 10.3 6376 423

2016 11100 108.3 5.2 17.7 10.6 6659 379

2007 16600 187.3 36.5 21.2 7.7 9929 19.7

2008 16900 245.0 34.9 222 7.5 10288 26.2

2009 16600 2624 30.9 20.0 7.2 10393 27.8

2010 17000 260.8 28.3 18.6 6.8 10540 27.2

Portugal 2011 16700 242.7 23.0 17.3 6.7 10407 29.1
2012 16000 220.1 20.5 15.9 6.5 10227 359

2013 16300 2154 18.9 14.0 6.4 9899 43.2

2014 16600 2141 17.4 14.8 6.4 9856 42.2

2015 17400 2154 13.7 15.0 6.9 9996 40.7

2016 18100 231.0 14.0 14.9 6.7 10562 383

Romania 2007 6100 30.9 17.3 20.5 7.4 1940 46.2
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2008 7100 39.2 15.9 22.2 73 2318 41.9

2009 6100 27.2 16.6 17.4 6.4 2524 41.6

2010 6200 28.2 193 13.7 6.1 2371 44.8

2011 6500 325 18.1 19.0 6.4 2401 50.8

Romania 2012 6600 321 17.8 18.0 6.3 2356 53.9
2013 7200 27.9 17.3 18.0 5.8 2324 53.0

2014 7600 28.8 18.1 18.8 59 2443 52.7

2015 8100 394 19.1 225 59 2674 514

2016 8600 41.4 18.5 229 5.8 2746 54.5

2007 17400 249.0 4.1 237 104 10724 41.6

2008 18800 306.9 5.1 20.8 10.7 11709 445

2009 17700 3232 5.3 17.0 9.6 12743 40.6

2010 17700 364.4 5.0 16.0 9.6 12653 45.1

Slovenia 2011 18000 436.2 4.2 14.4 9.6 12885 46.7
2012 17500 451.6 44 12.5 9.3 12972 45.7

2013 17600 454.1 3.9 12.2 8.9 12706 45.8

2014 18200 4319 44 13.1 8.1 12843 45.8

2015 18800 413.5 5.0 133 8.2 13211 429

2016 19500 3934 4.9 12.8 8.6 13193 41.7

2007 10400 46.9 6.5 14.0 9.2 4378 43.3

2008 12200 56.7 6.0 15.4 9.3 5180 38.5

2009 11800 56.3 4.9 13.6 8.5 6290 36.0

2010 12400 77.2 4.7 13.3 8.6 6785 38.2

Stovakia 2011 13100 86.9 5.1 135 8.5 6979 358
2012 13400 108.3 5.3 11.9 8.0 7556 36.1

2013 13700 1129 6.4 114 79 7266 39.5

2014 14000 123.6 6.7 12.6 75 7484 38.9

2015 14600 171.0 6.9 12.7 77 7293 36.7

2016 15000 118.1 7.4 13.4 7.8 7391 379

2007 35300 1183.0 9.1 388 154 20787 30.2

2008 36500 1296.3 9.8 39.0 13.8 22008 29.7

2009 33900 12741 9.9 32.0 13.0 23119 29.7

2010 34900 1302.7 103 34.4 144 23528 28.1

Finland 2011 36500 13327 9.8 346 13.0 24150 274
2012 36900 1264.9 8.9 33.1 11.9 25148 27.9

2013 37400 1231.7 9.3 37.3 11.9 25901 275

2014 37600 1194.6 9.5 31.0 1.1 26130 27.2

2015 38300 1109.5 9.2 30.5 104 26240 284
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Finland 2016 39300 1080.0 7.9 315 10.9 26379 294
2007 39000 1273.7 8.0 229 7.3 20178 18.0

2008 38300 1341.0 7.9 22.7 71 21544 21.3

2009 33300 1154.1 7.0 19.6 6.5 22050 213

2010 39400 1270.8 6.5 22.1 71 20070 18.8

sweden 2011 42900 1397.4 6.6 23.1 6.6 23001 19.4
2012 44500 1464.9 7.5 22.8 6.2 25353 20.7

2013 45400 1507.6 7.1 233 6.0 27094 21.0

2014 44700 14113 6.7 236 5.8 27935 204

2015 45800 1504.3 7.0 23.1 5.7 27218 19.8

2016 46700 1537.0 74 234 5.6 27347 20.7

2007 36700 598.1 16.6 11.7 11.5 24823 26.6

2008 32100 523.0 16.9 10.9 1.1 22805 28.6

2009 27700 467.9 15.7 9.5 10.1 19391 31.1

2010 29500 491.6 14.8 9.2 10.2 20517 34.7

United 2011 29900 500.6 149 9.2 9.4 20788 36.7
kingdom 5913 32800 5245 134 8.8 9.6 22395 429
2013 32400 532.0 12.4 8.9 9.3 21654 411

2014 35400 589.9 11.8 9.1 8.6 24136 39.0

2015 40100 671.7 10.8 9.0 8.3 25022 384

2016 36600 618.3 11.2 8.7 7.9 24602 38.0

Source: prepared by authors using Eurostat data.

*This indicator shows trends in man-made emissions of the ‘Kyoto basket’ of greenhouse gases. The ‘Kyoto basket’
of greenhouse gases includes: carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), and the so-called F-gases
(hydrofluorocarbons, perfluorocarbons, nitrogen trifluoride (NF3) and sulphur hexafluoride (SF6)). These gases are
aggregated into a single unit using gas-specific global warming potential (GWP) factors. The aggregated green-
house gas emissions are expressed in units of CO2 equivalents.

** Estimated by authors.
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