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Abstract. The main purpose of the paper is to assess the level of EU countries’ ability to compete
in a sustainable manner and to compare these results with achievements in the area of sustain-
able competitive position. In the paper, the definition of the new economic category — sustain-
able competitiveness and its main components: sustainable competitive capacity and sustainable
competitive position, as well as these new terms’ measurement proposal were presented. The study
is also an attempt to the exploration of relationship existing between those categories. For this
purpose, the selected statistical methods were applied. The taxonomic measure of development as
well as the correlation coefficients, were used to measure the multilevel relationship between those
considered areas. Until now, those categories were presented only in the context of examining the
countries’ ability to compete sustainably. However, the aspects of sustainable competitive position
have been completely ignored. That’s why it should be emphasized that this kind of investigation
is a novelty in the area of sustainable competitiveness. The research results confirmed the exis-
tence of relationship between the various areas that consist to the holistic concept of sustainable
competitiveness. These relationships are not always strong though and this is the crucial fact for
further research in this area.

Keywords: sustainable development, sustainable competitive capacity, sustainable competitive
position, sustainable competitiveness, strength of relation, typological groups, similarity of de-
velopment

JEL Classification: C38, F02, QO1.

Introduction

In the literature on the subject (e.g. Lu & Sexton, 2008; Borys & Czaja, 2009), it is pointed
out that the current stage of the evolution of the idea of sustainable development is primar-
ily its concretization. The aim of that action is to develop the theoretical basis of a new
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paradigm of development and its integration with other areas of research, including such
directions as: sustainable transport (Ajanovic, 2014; Vashisth et al., 2018), sustainable agri-
culture (Velten et al., 2015), sustainable logistics, sustainable cities (Scheurer, 2001; Ciegis
et al., 2005), social sustainability (Littig & Griessler, 2005), corporate sustainability (Cal-
abrese et al., 2019), sustainable finances (Ziolo et al., 2019) as well as sustainable competi-
tiveness (Schwab & Sala-i-Martin, 2012; Aiginger et al., 2013; Corrigan et al., 2014; Aiginger
& Vogel, 2015; Cheba, 2019) and even sustainable law (Schrijver, 2008) and environmental
(green) marketing philosophy (Grundey, 2008). It is worth noting that there are different
ways to integrate and include sustainable development into research in other fields of sci-
ence. The new definitions quite clearly indicate their separateness and differences in terms
of the descriptions of sustainable development presented in large numbers of publications
(e.g. Balkyté & Tvaronaviciené, 2011; Cheba & Bak, 2019; Ziolo et al., 2019). On the other
hand, the proposed measurement concepts are usually limited to separate a set of indicators
describing a given area, taking into account their sustainability, e.g. in finance those are the
indicators describing the financing aspects of eco-innovation and green investments, in ag-
riculture - indicators describing e.g. organic farming, in transport - indicators regarding e.g.
electromobility etc. According to the authors of this paper, this approach to measuring vari-
ous types of sustainable areas is insufficient. Moreover, integrating sustainable development
into other areas of research is a much more complicated process than is commonly practiced
(Cheba, 2019; Cheba & Szopik-Depczynska, 2019). First of all, attention should be paid to
the differences between the definitions of the basic term, which is sustainable development
and the proposed measurement proposals presented in the literature. It is a fairly common
practice, despite clearly distinguishing the definitions of sustainable development areas as:
economic, social or environmental. This is the assessment of the achieved level of sustainable
development based on one synthetic measure. This also means that despite the use of many
different indicators to assess this level, taken together or divided into groups, the end result
is one synthetic measure that determines which country is more sustainable (Hamél4inen,
2003; Rogalska, 2018; Thalassinos et al., 2019). Meanwhile, according to the proposed defi-
nitions, sustainable development is a much more complex term and this should also be
reflected in the proposed measurement concepts. This approach was also considered in this
paper concerning the definition and measurement of sustainable competitiveness, which is
one of the examples of integrating sustainable development into research in different areas.

According to the authors, in this case, it is necessary to define terms such as: sustainable
competitive ability or ability to compete in a sustainable manner and sustainable position of
competitiveness. Considering them together will fully describe sustainable competitiveness.
In the paper, the definitions of these terms, the relationship between them and the mea-
surement proposals as the result of the analysis are presented in macroeconomic terms of
analyzing the results achieved by EU countries. The proposed definitions and the described
measurement assessment is a new approach to research dedicated to the possibilities of in-
cluding sustainable development in the studies on the competitiveness of the economy. The
main purpose of the paper is therefore to assess the level of the ability of the economies of
selected countries (in this case the European Union Member States) to compete in a sustain-
able manner and to compare these results with the achievements in the area of sustainable
competitive position. It should be emphasized that sustainable development and interna-
tional competitiveness of the economies are currently one of the most frequently raised prob-
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lems, important for further development of countries in the world. Each of them, considered
separately, is an important area of scientific considerations and examinations, leading to the
decisions regarding future strategic directions of national economies’ development. The lay-
out of this paper therefore contains the introduction presents the main purpose of the work
and explains the most important authors’ motivations to conduct research in the area of
relationship between sustainable development and competitiveness. Further, the paper con-
tains the literature review on the formulation and measurement of the new research concept
related to the inclusion of sustainable development in competitiveness research, especially
at the macroeconomic level, i.e. in relation to the economies of the countries. The next part
discusses the statistical data used in the paper as well as the description of the research pro-
cedure. Finally, the paper presents the results of the research, the discussion and conclusions
of conducted research.

1. Sustainable competitiveness at the national level -
the definition and measurement proposal

In the literature on the subject sustainable competitiveness on the national level is defined, for
example, as “the ability to generate and maintain the well-being and a decent standard of liv-
ing for all citizens without reducing the future ability to maintain or increase the current level
of wealth” (Aiginger et al., 2013). Corrigan et al. (2014) define “sustainable competitiveness
as the set of institutions, policies and factors that make a nation productive over the longer
term while ensuring social and environmental sustainability”. Similar definitions, in which
it is proposed to extend current methods of describing the international competitiveness of
the economy to the social and environmental dimension of this competition, can also be
found in Balkyté and Tvaronaviciené (2011), Aiginger et al. (2013), Cheba (2019). The basis
of these definitions is the belief that, in the long-run, not only economic but also human
development and ecological sustainability are important ingredients for high productivity
and a prosperous society (Bilbao-Osorio et al., 2013).

It should be noted, however, that the current proposals to define and measure this new
term have been limited to include areas describing sustainable development in the defini-
tions traditionally used to describe the competitiveness of countries in the world (e.g. Lall,
2001; Berger, 2008; Rutkauskas, 2008; Atif et al., 2012; Huggins et al., 2013; Aiginger & Vogel,
2015).

The relationship between competitiveness, social conditions and environmental respon-
sibility is usually presented as follows (Figure 1).

Sustainable Sustainable

o Competitiveness
development competitiveness P

Figure 1. The main components of the sustainable competitiveness
(source: Balkyté & Tvaronaviciené, 2011)
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However, at the measurement stage this only involved expanding the existing collections
to include indicators describing the social and environmental area. According to the authors,
this approach is not sufficient when defining and measuring sustainable competitiveness. In
the case of competitiveness (and this also applies to a sustainable approach to defining and
measuring this term), it is necessary to define: the ability to compete sustainably and the
achievement of a sustainable competitive position that form the overall concept of sustain-
able competitiveness.

The sustainable competitive capacity or ability to compete sustainably at the national level
can be defined as (Cheba, 2019) “the ability of a given country to compete sustainably in the
international arena, taking into account not only the economic dimension of this competi-
tion, but also the social and environmental dimensions”. Sustainable competitive position
achieved by countries can be described as (Misala, 2011): “the state and changes in the share
of a given economy in the broadly understood international turnover” (Cheba, 2019) “imple-
mented with care for the environment and society”. Both of these concepts constitute the
definition of sustainable competitiveness, which can be defined as the sum of the country’s
ability to compete in a sustainable manner and its competitive position. It should be noticed
that good results in terms of ability of sustainable competitiveness may not necessarily mean
a high balanced competitive position. This also means different ranges of measures used to
measure both dimensions. Defining these two dimensions also makes it possible to distin-
guish the concept of sustainable development from the definition of sustainable competitive-
ness. Graphically, it can be presented as follows (Figure 2):

Sustainable competitive Sustainable competitive
capacity position

Sustainable competitiveness

Figure 2. Relations between sustainable: capacity, position and competitiveness of national economy
(source: Cheba, 2019)

Although the literature on the subject (e.g. Stiglitz et al., 2010; Blanke et al., 2011; Ketels,
2016) clearly indicates that sustainable development is not the same as sustainable competi-
tiveness — this has been contradicted by current measurement proposals for this new research
area. As already mentioned, limited to the inclusion of indicators describing sustainable
development in the social and environmental field in the indicators traditionally used to mea-
sure competitiveness. It should be noted that this will not be a traditional approach in which
one taxonomic measure is set taking into account the different governance of sustainable
development (Leonard et al., 2006; Siche et al., 2008; Kondyli, 2010; Mori & Christodoulou,
2012; Szopik-Depczynska et al., 2018; Guijarro & Poyatos, 2018). According to the authors,
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changes are also needed in this case to examine the relationship between these orders. If we
assume that, in accordance with the strong principle of sustainability of development, replac-
ing the loss of a resource, e.g. forests, can only take place by supplementing this resource,
it will not be legitimate to say that the results in terms of sustainable development are the
average obtained in the areas creating this development, i.e. ; social, environmental or eco-
nomic. The authors of this work incline to the view that it is more reasonable to consider
the relationship between the various orders that create sustainable development. This means
that a country that achieves high results in each of the distinguished governance of sustain-
able development will be considered the most sustainable. In the case of separation of the
ability to compete and balanced competitive position proposed by the authors, the indicators
used to assess progress in implementing the idea of sustainable development can be used as
a basis for measuring sustainable competitiveness of economy. However, the work proposes
to use them only at the stage of assessing the economy’s ability to compete in a sustainable
way, assuming that the overall concept of measuring sustainable competitiveness should also
include references to sustainable competitive position. If we assume that economies achiev-
ing a higher level of sustainable development will also have greater capacity for sustainable
competition, then the indicators used to measure progress in the implementation of the
2030 Agenda (The 2030 Agenda for Sustainable Development) can be used to measure these
capabilities.

As an effect of the changes proposed by the authors, regarding both the definition and
measurement of sustainable competitiveness, following research questions had been consti-
tuted:

1. How strong is the relationship between various areas describing the ability to compete

sustainably as well as sustainable competitive position of the EU countries?

2. Were there any changes in each of the areas of sustainable competitiveness due to their

results in the structure of ordering EU countries in 2008 and 2016?

3. For which countries the similarity of development in each area considered in holistic

concepts of sustainable competitiveness can be observed?

In order to achieve the responses to those formulated questions, the research procedure
consisting of several stages was used. In the first step, EU countries were ordered due to their
level of sustainable competitive: capacity and position. Then, in the next one, EU countries
were classified in terms of similarity in each areas considered separately as well as together.
Following the so-called strong principle of sustainability, which assumes the complementar-
ity of the selected areas and the possibility of replacing the loss of the resource only within
the area to which it was classified, it was adopted that all highlighted areas are equally im-
portant. Therefore in the paper, the countries that have achieved similar results in any of
the highlighted areas of sustainable competitive: capacity and position will be recognized
as similar ones. To classify countries according to these assumptions, the multi-criteria tax-
onomy method was used, which was described, among others in works: (Malina, 2004; Cheba
& Bak, 2019).
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2. Research procedure
2.1. Selection of diagnostic indicators

In the paper two sets of diagnostic indicators were used. First one is related to the area of
sustainable competitive capacity. For this purpose the basis of empirical analysis are indica-
tors used by the European Commission to monitor the progress in the implementation of the
“The 2030 Agenda for Sustainable Development” in the European Union. These indicators, in
accordance with the adopted assumptions, are used in the work to assess the ability of these
countries to compete in sustainable manner. In the compilations provided by Eurostat (2018)
there is currently 100 indicators describing 17 goals of 2030 Agenda (51 of them are a part of
a global list of indicators of the United Nations - the UN, the remaining ones were chosen in
such a way as to enable monitoring the direction of changes in accordance with the relevant
policies and initiatives of the EU). Whereas in the paper, these indicators were assigned to
four areas describing the ability of EU countries to compete in a sustainable manner in the
economic, social, environmental and institutional-political dimension, which was separated
from the indicators describing the social order of sustainable development. The decision to
separate this order was primarily influenced by its particular importance for the functioning,
development and integration of European Union Member States.

To assess the current position of EU countries in terms of sustainable competitive posi-
tion, indicators that the OECD (Organization for Economic Co-operation and Development)
uses to monitor progress in the area of green growth in the field of: technology and innova-
tion patents were used (Shrivastava, 1995; Foxon et al., 2005; Del Rio et al., 2016).

Two years were selected to study the changes taking place in the specified sustainable
competitiveness. The first of was 2008 - immediately after the outbreak of the global eco-
nomic crisis, after the collapse of many trends in the world economy in 2007, a gradual return
to the current growth path in many countries of the world is observed (Cheba & Bak, 2019)
and due to for full data availability for all analysed indicators — 2016. Authors decided that
comparing the results obtained by individual EU Member States in those two years would
allow to identify the direction of changes in the structure of the obtained results. Moreover,
because authors’ main attention was directed to the study of changes in the structure of or-
dering of EU countries, the results obtained in the analysed years were considered separately.

The results of the analysis presented in the work do not include Croatia, which became a
member of the European Union on July 1, 2013 and for which deficiencies in data for years
before its accession to the European Community were identified.

In the next step, after checking the completeness of data, 36 indicators out of one hundred
indicators obtained from Eurostat and adopted by authors to describe the sustainable com-
petitive capacity were excluded from further analysis, mainly due to their availability only at
the level of the whole of Europe or the European Union and the lack of data e.g. for indica-
tors describing the protection of the sea in the case of countries which do not have access
thereto. Four diagnostic indicators were excluded from the study due to their poor diagnos-
tic properties; the classic coefficients of variation for these indicators were lower than 10%
(Nowak, 1990). To measure the variability of indicators, other measures can also be used,
e.g. the quarter, median and median coefficients using the Weber median (Mtodak, 2006).
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Ultimately, the prepared set included 64 indicators, 18 of which described the economic
order being the basis for assessing the sustainable capacity of EU countries in the economic
area, 26 indicators related to the social order, 11 to the environmental order and 9 indica-
tors to the institutional and political order. To the second data set, dedicated to sustainable
competitive position, 6 indicators from the OECD database were selected.

Due to the fact that the study analysed indicators describing changes occurring in indi-
vidual orders of sustainable development of EU countries in two periods of time (2008 and
2016), it was decided that the selection of diagnostic indicators should also take into account
changes in these indicators over time. To this end, a matrix of Pearson correlation coefficients
was determined for each of the analyzed periods:

R, = I:rjkt:|’ (1)
where: j;, is the Pearson correlation coefficient between two indicators X; and X in the
period t,and j, k=1,2,...,m,t=1,2, .., T.

Based on the matrices created in this way, the diagnostic indicators were selected sepa-

rately for each year. The inverse correlation coefficient matrix method was used (Mlodak,
2006), in which the basis is an inverse matrix to R; matrix:

1 M2 - Mim
B T. T ... T
R 1 — 21 22 2m R (2)
rml rmZ cee Tmm

In this matrix: -
~ (—I)JJr det(Rkj)
TR et (R)

where: Ry; - the reduced matrix after removing j-th row and k-th column, j, k = 1,2, ..., m,
det( Rkj ) and det(R) - the determinants of the matrix Rkj and R, respectively.

The diagonal elements of the matrix R™! take values from the interval [1, o). In the
situation when the considered indicators do not create many exact interdependencies, its
diagonal elements are defined as Variance Inflation Factor — VIE which are determined for
given indicators in comparison to others. These coeflicients are determined as follows (Neter
et al., 1985):

, 3)

1

rl =VIF, =———,
V] ] l—RJZ

(4)
where: R; - regression determination coefficient of j-th variable relative to the others, j = 1,
2, ..n, n — the number of variables in the model after variation verification.

However, if these elements are too large (it is usually assumed that these values are greater
than 10), this means a faulty numerical conditioning of R™'matrix, i.e. excessive correlating
of a given feature with other ones. If it concerns only one feature with this property, it can
be eliminated. Neverthelss, it should be noted that the simultaneous elimination of a greater
number of such indicators may lead to an excessive depletion of the information resource
of the model being built. In this situation, in the literature on the subject (Mlodak et al.,
2016) it is recommended to eliminate only some of them in such a way that the diagonal
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elements of the inverted matrix of the correlation coefficients of the remaining indicators are
sufficiently low. These indicators can be eliminated gradually (Cheba, 2019), similarly as in
the Hellwig parametric method (1968). This means, removing first the indicators for which
the corresponding diagonal elements of the inverted correlation coefficient matrix are the
highest (above 10) and re-determining this matrix for the remaining indicators as follows
(Mtodak, 2006):
1. First, the maximum level r (critical value) which the diagonal elements of the matrix
R~! can take. Most often this value is set at ¥ =10.
2. In the next step, the inverse correlation matrix R-! identifies the elements fjk,
je {1,2,. . .,m} that satisfy the inequality:

1
_R2’
le

-1 _ —
ri = VIFj =

(5)

Matrix elements that meet the above condition correspond to indicators that cause faulty
numerical conditioning of the matrix R, in particular when exceeding the adopted threshold
value is significant.

Then, the inverse correlation coefficient matrix R™! is reduced by plotting the highlighted
column and row for which the diagonal elements of the inverse correlation coefficient matrix
are the highest. In this way, the so-called reduced inverse correlation coeflicient matrix is
obtained. The operations described in points 2-3 are repeated until all the indicators causing
the defective numerical conditioning of the matrix R are removed. The proposed method
allows achieving the integrity of the taxonomic model in terms of both direct (observed on
the basis of correlations) as well as indirect connections occurring between the considered
indicators (Malina, 2004; Mtodak, 2006).

As a result of adopted procedure, the final data set was created, including 41 indicators
in the area of sustainable competitive capacity and 4 indicators describing the sustainable
competitive position.

2.2. Statistical data

Due to the fact that the selection of diagnostic indicators for the research was conducted
separately for data from the years 2008 and 2016, the final set was created by those indicators
that were existed in both analyzed years. The result of applying the proposed procedure for
the selection of diagnostic indicators is five sets of diagnostic indicators presented in Tables
1-5. The x;; symbol is assigned to each of the highlighted indicators, where i is the number
of the area in which the feature is located, while j- is the number of the feature. Moreover,
their influence on the analyzed phenomenon was indicated through the classification of each
attribute to a set of characteristics stimulating development in a given area (symbol S) or
destimulating this development (symbol D).

11 diagnostic indicators (4 stimulants and 7 destimulants) were qualified to describe the
economic area of sustainable competitive capacity (ESC). This group includes indicators de-
scribing the economic development of the EU countries (indicators: x; ;gand x; , ), employ-
ment and working conditions (x; 3p - X; ¢p ), innovation (x; ;gand x; g5 ), the environmental
impact of the economy (x; gp economy on society (x; jop ) and agriculture (x ;g ).
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Table 1. Diagnostic indicators describing the economic area of sustainable competitive capacity

Symbol Indicator

X115 |agricultural factor income per annual work unit (AWU), (according to prices from 2010,
in Euro per annual unit of work)

X1,p | general government gross debt, % of GDP

X1 3p |inactive population due to caring responsibilities, % of inactive population aged 20 to 64

X14p |young people neither in employment nor in education, (% of population aged 15 to 29)

X15p | involuntary temporary employment, % of employees aged 20 to 64

X16p |people killed in accidents at work, number per 100 000 employees

X175 |government support to agricultural research and development, Euro per capita

X1 gs |gross domestic expenditure on R&D, % of GDP

X19p | volume of freight transport relative to GDP, index (2005 = 100)

X110p | share of labour taxes in total tax revenues, %

X1115 |area under organic farming, % of utilised agricultural area

However, the next group — describing the social area of sustainable competitive capac-
ity — 14 diagnostic indicators were included (mainly destimulants) describing poverty and
social exclusion (indicators: x, ;p — x, ¢p), lifestyle and public health (x, , p), education and
development (x, gy, %5 95> X5 105)> the level and the quality of life (x, ;) and public safety

(%2.1200 %2.13D> X2.14D)-

Table 2. Diagnostic indicators describing the social area of sustainable competitive capacity

Symbol Indicator

people living in households with very low work intensity, % of persons under 60 living in
Xy1p |households with very low work intensity, i.e. those in which adults (18-59 years old) have
worked less than 20% of their total work potential in the past year

X5, p |housing cost overburden rate, % of population

population living in a dwelling with a leaking roof, damp walls, floors or foundation or

*23D | rot in window frames of floor, % of population

Xy4p |population unable to keep home adequately warm, % of population

X,5p |long term unemployment rate, % of active population

Xy6p | relative median at-risk-of-poverty gap, % distance to poverty threshold

Xy7p |suicide rate, number per 100 000 persons

X,gp |early leavers from education and training, % of population aged 18 to 24!

Xy95 | tertiary educational attainment, % of population aged 30 to 34

X105 | adult participation in learning, % of population aged 25 to 64

Xy11 p | population living in households considering that they suffer from noise, % of population

death rate due to homicide, number per 100 000 persons (standardized death rates

%2120 | calculated on the basis of the standard European population)

Xy13p | population reporting occurrence of crime, violence or vandalism, % of population

Xy14p | people killed in road accidents, rate, number per 100 000 persons

! According to the European Commission, completing education too early consists in students obtaining at most
lower secondary education. The term “early leavers” is also used to mean “early leavers in education and training”.
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8 diagnostic indicators (3 stimulants and 5 destimulants) were qualified to describe the
environmental area of sustainable competitive capacity (ENSC), which can be divided into
the following characteristics: energy use (x5 1p %355 X3.3p, and X3 45), air quality (x3 5p, X3 6p)>
waste management (X3 ,¢) and the impact of the economy on the environment (x; gp).

Table 3. Diagnostic indicators describing the environmental area of sustainable competitive capacity

Symbol Indicator

X31p |primary energy consumption, million tonnes of oil equivalent (TOE)

X355 | share of renewable energy in gross final energy consumption, %

X33p | energy dependence?, % of imports in total energy consumption

X345 |energy productivity, PPS? per kilogram of oil equivalent

X3sp |ammonia emissions from agriculture, kilograms per hectare

X3¢p |greenhouse gas emissions — tonnes per capita

X375 | recycling rate of municipal waste, % of total waste generated

X3gp |shares of environmental taxes in total tax revenues, % of total taxes

In turn, 8 diagnostic features (stimulants only) were qualified to the set of diagnostic
features describing institutional and political area of sustainable competitive capacity (IPSC),
which describe involvement and participation (x4 ;g — X4 35), cohesion policy (x4 45, X4 55) and
global partnership (x4 ¢ %4 75 X4 85)-

Table 4. Diagnostic indicators describing the institutional and political area of sustainable competitive
capacity

Symbol Indicator

X415 | seats held by women in national parliaments, % of seats

X455 | seats held by women in national governments, % of seats

X43g |positions held by women in senior management positions, board members, % of
positions

X445 |general government total expenditure on law courts, Euro per inhabitant

X455 | population with confidence in EU institutions: European Parliament % of population

X46s | population with confidence in EU institutions: European Central Bank, % of population

X475 | official development assistance as share of gross national income, %

x4gs | EU imports from developing countries by country income groups, million EUR per capita

However, to assess the current position of EU countries in terms of sustainable competi-
tive position (SP), four indicators used by OECD to monitor progress in the area of green
growth in the field of: technology and innovations patents were used (Table 5).

2 According to Eurostat: “Energy dependence shows the extent to which the economy relies on energy imports
to meet its energy needs”.

3 Purchasing Power Standard.
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Table 5. Diagnostic indicators describing the sustainable competitive position

Symbol Indicator

X5, |development of environment-related technologies, % of all technologies

X5, |relative advantage in environment-related technology, ratio

Xs53, |development of environment-related technologies, % of inventions worldwide

Xs54, |development of environment-related technologies, inventions per capita

2.3. Research method

One of the assumptions adopted in the work is striving to achieve a high level of develop-
ment in all areas of sustainable competitive: capacity and position. This means the need to
look for methods that will allow the separation of groups of similar countries due to all the
distinguished areas of this development. The solution in this case may be the use of the multi-
criteria taxonomy method, the description of which was presented, among others in works:
Nowak (1990), Malina (2004), and Cheba (2019), Kuc-Czarnecka (2019).

For each of the distinguished classification criteria, the normalization of diagnostic indi-
cators is carried out. In the paper the zero unitarisation method (Kukula, 2000), was applied:

X~ min X;j

for stimulant z,=—7>t maxx; # minxij, (6)

1 .

Y maxx; —minx; i 7 i
XX~ NG

maxx
i

maxxij—minx

1 1

ij ~Xij

for destimulant z; =

i » Maxx; # minx;. (7)

ij i i
Indicators transformed according to formulas (6)-(7) can be used to determine the taxo-
nomic measure of development based on the formula (Nowak, 1990):

1 K
z; :E;Zik) (8)

where: z; - the value of the taxonomic development measure for i-th object, z;; — normalized
value of i-th indicator in k-th object, K - the number of considered indicators.

The values of this measure, corresponding to individual objects (in this case EU coun-
tries), are ordered from the highest to the lowest value. Based on the results of this measure
the typological groups contained countries characterized by similar level of development can
be distinguished. For this purpose the following procedure can be applied:

a) group 1: z; 2z +§, - a high level of development in particular areas,
b) group 2: Z+S, >z; >z - an average level of development,
c) group 3: z >z; 2z — S, — a low level of development,

d) group 4: z; <z —S§, - a very low level of development.
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3. Research results

Table 6 compares the results of ordering and classifying EU Member States in all distin-
guished areas of sustainable competition: capacity and position in the years 2008 and 2016.
In this table, the value of taxonomic measure of development (column 1) and the posi-
tions in the ranking in each considered areas (column 2) were presented. The differences
between the results of ordering of the EU countries in the considered years are significant.
This situation applies to all analyzed areas. As an example, you can indicate countries such
as: France or Germany ranked higher in the economic, social and institutional-political ar-
eas of sustainable competitive capacity and significantly lower in the case of environmental
area. A similar situation is also observed in the case of other countries located in Northern
and Western Europe, classified as the most economically developed EU countries and at the
same time exerting greater pressure on natural environment. It means that they ability to
compete sustainably in environmental area is lower than in others. However, the opposite
situation can be observed e.g. in the case of: Greece and Bulgaria, as well as Poland, namely
countries located in Southern and Eastern Europe. Only in the cases of Scandinavian coun-
tries: Denmark, Finland and Sweden, and also located in northern Europe - Estonia, it was
observed that economic growth is separated from the pressure they exerted on the environ-
ment. These countries managed to offset the negative impact of economic development on
the environment; so their ability to compete sustainably is high in every considered area.
Favorable changes in the economic and environmental area (a simultaneous improvement of
occupied positions) are also observed in the case of: Lithuania (the improvement of position
for economic order from 17 to 12 and for environmental area from 21 to 12), Latvia (from
14 to 13 and from 10 to 3, respectively), Poland (from 26 to 21 and from 18 to 11), Slovakia
(from 21 to 19 and from 25 to 21), Slovenia (from 13 to 10 and from 12 to 5) and Hungary
(from 27 to 17 and from 20 to 17).

Similar changes were also observed for other areas of sustainable competitive capacity.
A simultaneous improvement of the positions taken within the economic and social area,
whose changes usually have a similar course (simultaneous increase or decrease), was ob-
served in countries such as: Austria, Czechia, Lithuania, Latvia, Germany, Poland, Slovakia
and Hungary. However, the opposite situation applies to: Cyprus, France, Spain, the Nether-
lands and Luxembourg. In these countries, the deterioration of positions taken in the created
rankings within the economic ability to compete sustainably was associated with similar
changes in the social capacity.

The comparative analysis of classification results in the analysed years shows that the larg-
est changes in position in constructed rankings, by at least 6 places between the years 2008
and 2016 in plus and/or in minus, concerned mainly environmental area. In total, significant
changes (both deterioration and improvement) were observed in 10 countries. The improve-
ment was identified in relation to: Estonia (improvement from 9 to 2 position), Lithuania
(from 21 to 12), Latvia (from 10 to 3), Poland (from 18 to 11), Romania (from 15 to 8) and
Slovenia (from 12 to 5). However, the deterioration concerned: Austria (falling from position
2to 10), Cyprus (from 17 to 23), the Netherlands (from 6 to 18) and Luxembourg (from 5
to 19).
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Similar changes, though less numerous, also applied to other areas. These changes were
as follows:

a) for economic area of sustainable competitive capacity, the improvement concerned
only Hungary (from 27 to 17), and the deterioration: Cyprus (from 19 to 25), Ireland
(from 5 to 14) and Luxembourg (from 10 to 18),

b) for social area, the improvement concerned: Estonia (from 16 to 7) and Poland (from
18 to 10), and the deterioration: Cyprus (from 18 to 15), Spain (from 13 to 21) and
the Netherlands (from 6 to 12),

¢) for institutional and political area, the improvement concerned: Poland (from 25 to
18), Romania (from 26 to 20) and Italy (from 19 to 13), the deterioration: Estonia
(from 16 to 22), Spain (from 8 to 16) and Slovakia (from 11 to 23).

The large differences in the results of ordering EU countries in 2008 and 2016 also apply
to the last analysed area: sustainable competitive position. In this case first place is occupied
by Denmark. It should be noted that, also in this case, countries from Northern and West-
ern Europe occupied higher position in this area than countries from Southern and East-
ern Europe. It is also worth paying attention to some countries that significantly improved
their position in the rankings. Examples include Malta, ranked 26" in 2008 and 5% in 2016,
and the Netherlands, which moved up from 20™ to 3" position. The low position of these
countries in 2008 was affected by very low values of all analyzed indicators. However, not in
every case high positions in rankings reflect the real situation of a given country in terms
of eco-innovation level. An example would be Bulgaria with respectively: 3 and 10 places.
Good achievements of this country are the result of the indicators used for the survey, which
measure the intensity of a given phenomenon. If in a given country all created technologies
can be treated as an environmental technologies, then even with a small number of inven-
tions, the position of such a country will be higher.

Due to the large differences in the value of taxonomic measures of development and the
positions occupied by the studied countries in the built rankings, the division of the stud-
ied objects into typological groups was also used to assess similarity of development. The
results of this stage of the study are presented in Table 7. First, attention is given to those
countries that were in the same group taking into account all the analyzed areas of sustain-
able competitive: capacity and position. However, only one case of this type was identified
and it concerned Denmark, which in all areas and years analyzed was classified into the first
typological group characterized by the highest level of development.

It is also worth noting the very small number of countries qualified to the first typological
group in both 2008 (Denmark and Germany) as well as in 2016 (Denmark, Germany and the
Netherlands). In some cases (e.g. Sweden, Finland, Slovenia), despite good results in terms
of ability to compete sustainably, designated balanced competitive positions are lower. These
differences show that despite the high capacity of these countries to compete sustainably,
this does not always translate into results in terms of sustainable competitive position. The
results of classifications confirmed also the existing of geographical proximity of develop-
ment between countries located in the same geographical part of Europe. In addition to
the Scandinavian countries, very high developed in each considered areas, the geographical
proximity is also visible in the case of: Western and Southern countries, very often in the
same typological groups.
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Table 7. Comparison of the results due to similarity in every considered area of sustainable competitive

capacity and position in 2008 and 2016

ESC SSC ENSC IPSC SP
2008 | 2016 | 2008 | 2016 | 2008 | 2016 | 2008 | 2016 | 2008 | 2016
Austria II I 11 II I II II II II 11
Belgium 11 II 11 111 111 v I I III 11
Bulgaria 111 111 v v I 11 111 111 II 11
Cyprus II1 v I 11 111 v v v I v
Czechia II I I I 11 I 111 v 11 111
Denmark I I I I I I I I I I
Estonia I I II I I I 111 11 111 I
Finland I 1 I I 11 II 1 I 11 11
France II 111 11 II v v 111 II II 11
Germany I I 111 III 111 v I I I I
Greece v 111 111 v 11 II 111 v v 111
Hungary v 111 111 III 11 III 11 v 11 II1
Ireland 1 111 I I I 1 111 I 111 v
Italy v v 111 v 111 111 111 111 111 111
Latvia 11 111 v 11 I 1 111 III v v
Lithuania 111 11 111 111 111 II 111 111 11 v
Luxemburg I 111 I II 11 111 I I II I
Malta 111 111 I 11 v v 111 11 v I
Netherlands I II II 11 II 111 I I 111 I
Poland v 11 II1 1I II1 I II1 11 111 111
Portugal v 111 111 v II 11 111 111 II 111
Romania 111 111 v v 111 11 v 11 II 111
Slovakia 111 III I I III 111 111 11 III I
Slovenia 11 II II 11 II 11 II 11 v 111
Spain 11 v 1II 11 III v II 11 II1 111
Sweden I I 1 I I 11 I I 111 11
United Kingdom 11 II II 11 II 111 111 11 II 11

The differences in the obtained classification results between individual areas are also

confirmed by the received ratings of the Pearson correlation coefficients and Kendall t in
both considered years (Tables 8-9). In 2008, the lack of correlation between the values of
taxonomic measures of development as well as between the results of ordering EU countries
is less visible than in 2016. This year the lowest correlation coeflicient ratings (Person’s and

Kendall’s ) were obtained in the case of relationships between social and environmental

areas of sustainable competitive capacity, as well as between every considered areas of sus-

tainable competitive capacity and position. However, the existence of an average relationship
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can be confirmed in the case of economic and all other areas of sustainable competitive
capacity, and between social, institutional and political areas. In 2016, however, there is a
significant decrease in the correlation coefficients between the analyzed areas of sustainable
competitive capacity. In this case, the lowest grades were obtained in the case of relation-
ships between environmental, institutional and political as well as social and environmental
areas. The estimates of correlation coeflicients determined for the relationships between other
areas are higher, but definitely lower than in 2008. Changes in the strength of these relation-
ships between the analyzed years are also visible. However, the improvement of correlation

K. Cheba et al. Sustainable competitiveness as a new economic category — definition ...

is observed between the particular areas of sustainable competitive capacity and position.

Table 8. Matrix of Pearson coefficients for the results of ordering EU countries in 2008 and 2016

2008 ESC SSC ENSC IPSC SP
ESC 1.000 0.666 0.617 0.688 0.346
SSC 0.666 1.000 0.344 0.658 0.117
ENSC 0.617 0.344 1.000 0.523 0.371
IPSC 0.688 0.658 0.523 1.000 0.301
SP 0.346 0.117 0.371 0.301 1.000
2016 ESC SSC ENSC IPSC SP
ESC 1.000 0.622 0.453 0.632 0.667
SSC 0.622 1.000 0.141 0.502 0.352
ENSC 0.453 0.141 1.000 0.071 0.047
IPSC 0.632 0.502 0.071 1.000 0.528
SP 0.667 0.352 0.047 0.528 1.000

Table 9. Matrix of Kendall t correlation coefficients for the results of ordering EU countries in 2008

and 2016

2008 ESC SSC ENSC IPSC SP
ESC 1.000 0.493 0.425 0.476 0.197
SSC 0.493 1.000 0.236 0.493 0.066
ENSC 0.425 0.236 1.000 0.254 0.191
IPSC 0.476 0.493 0.254 1.000 0.162
SP 0.197 0.066 0.191 0.162 1.000
2016 ESC SSC ENSC IPSC SP
ESC 1.000 0.470 0.305 0.379 0.396
SSC 0.470 1.000 0.185 0.339 0.276
ENSC 0.305 0.185 1.000 0.037 -0.060
IPSC 0.379 0.339 0.037 1.000 0.345
SP 0.396 0.276 -0.060 0.345 1.000
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The differences confirm also the values of the main descriptive characteristics of the esti-
mated taxonomic measures of development, in particular, in the case of competitive capacity,
for which the coefficient of variation in the analyzed years was the highest. In the case of
other areas, the assessments of coefficients of variation were lower and ranged from 16.66%
(environmental area — 2008) to 44.11% (institutional and political area — 2008) (Table 10).
Comparing the obtained results, a change in the sign of the asymmetry coefficient in the case
of environmental area is also observed, from the right-handed in 2008 to the left-handed in
2016. This means a change in trends, i.e. the increase in the number of countries in which
the obtained values of the synthetic measure are higher than the mean value.

Table 10. Summary statistics of taxonomic measure of development in: 2008 and 2016

ESC SSC ENSC IPSC SP
Summary statistics

2008 [ 2016 | 2008 | 2016 | 2008 | 2016 | 2008 | 2016 | 2008 | 2016
Mean 0.46 | 0.51 | 0.62 | 0.64 | 0.49 | 0.48 | 0.39 | 0.40 | 0.28 | 0.28
Median 0.44 | 0.50 | 0.63 | 0.69 | 0.48 | 0.49 | 0.34 | 0.38 | 0.25 | 0.25
Standard deviation 0.09 | 0.09 | 0.12 | 0.11 | 0.08 | 0.09 | 0.16 | 0.18 | 0.16 | 0.15
Coeflicient of variation [%] | 19.92 | 17.46 | 19.48 | 17.53 | 16.97 | 18.80 | 40.65 | 44.11 | 55.32 | 54.83
Asymmetry 0.20 | 0.15 |-0.10|-0.39| 0.13 | -0.05| 0.31 | 0.13 | 0.21 | 0.18

In 2008, higher values concerned 13 countries, and in 2016 - 15. In 2016, compared to
2008, the number of countries with higher values of synthetic measure than the mean in the
case of institutional and political area also increased (from 10 to 12) and with values lower
than the mean in the case of social area (from 11 to 12) (see: Table 5).

Discussion and conclusions

The sustainable international competitiveness of national economy is a relatively new eco-
nomic category presented in the literature on the subject. The basis for its definition and
measurement is the theoretical and practical achievements to date in the field of sustainable
development and international competitiveness of national. The current proposals formu-
lated by various assume that the indicators applied to measure sustainable development can
also be used to assess the sustainable competitiveness of economy. However, this approach
does not allow identifying the differences between these categories. The paper proposes that
sustainable development indicators should be used only as a basis for assessing the economy’s
ability to compete in a sustainable manner. On the other hand, the comprehensive assess-
ment of sustainable competitiveness should also include the stage of assessing sustainable
competitive position, assessed e.g. through the prism of exporting technologically advanced
environmentally friendly solutions or indicators described the development of eco-friendly
technology.

It should also be emphasized, that a direct comparison of the obtained results with the
results of other available rankings, due to a different way of interpreting and measuring sus-
tainable activity is not possible because authors have divided it into two main parts: available
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functions to compete and balanced competition. In the previous approaches to designated
positions of the countries of the world, various rankings dedicated to compare the position
of the designated position were based on numerical values calculated on the basis of all the
considered applications. The approach proposed by the authors is based on the relationship
between various areas of ability to compete and balanced competitive position. Moreover,
it’s possible to indicate certain regularities. In the vast wide range of rankings examining
the level of EU relationships, the leading places are occupied by the Scandinavian countries.
Similar results were obtained also for the methods proposed by authors. Slightly slower level
of development of countries located in the south and east of Europe in relation to countries
located in Northern and Western Europe is also visible, which is similar to the case of the
research presented in the paper. It changes significantly the distribution of forces in Europe.
It also emphasizes differences in development not only in the case of the poorer Europe
Eastern countries, but of the Southern site of the continent as well, which is also losing its
importance.

The article presents the original proposition to define and measure sustainable interna-
tional competitiveness. The holistic concept related to this new economic category is based,
among others on the study of the relationships between sustainable competitive capacity and
sustainable competitive position. At the same time, the article emphasizes that measuring
the ability to compete in a sustainable manner is a complex task in which the pursuit of de-
coupling economic growth from pressure on the natural environment should be sought. In
accordance with the strong principle of sustainability, which assumes the complementarity of
various orders that form the overall concept of sustainable development, it has been assumed
that each area of sustainable competitive capacity as well as position are equally important.
This also has consequences for measuring sustainable development and thus for assessing the
ability of the surveyed countries to compete sustainably and to develop their position on the
world market with a sustainable manner. In the current proposals to measure this issue, the
indicators describing various orders of sustainable development were most often combined
within one synthetic measure of development. However, the paper proposes their separate
analysis and the determination of the results achieved by the EU countries examined sepa-
rately for each specified areas. This type of approach has not been used in current proposals
of measurement of sustainable competitiveness. The solutions presented in the literature by
averaging the results obtained in individual areas distorted the real picture of relationships
between the areas that should be included in the overall model of sustainable competitive-
ness. The new approach to assessing sustainable competitiveness completely changes the
perception of the results achieved by EU countries. This is also confirmed by the research
results presented in the paper, which provide answers to the research questions regarding the
strength of the relationship between the components forming the overall concept of sustain-
able competitiveness, the changes occurring between these relationships in 2016 compared
to 2008, and the similarity in development in all the analyzed areas of sustainable competi-
tiveness. At the current stage of development of EU countries, the relationship between the
ability to compete in sustainable manner and the achieved competitive position is in many
cases not strong, although its growth is observed in 2016 compared to 2008. In particular,
significantly higher results in terms of economic, social and institutional and political de-
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velopment are visible in the case of countries located in Northern and Western Europe, and
less developed countries of Southern and Eastern Europe in this respect. However, in the
case of environmental area these differences are much smaller. It is also worth noting that
only countries such as: Denmark, Finland, Sweden and Estonia have managed to separate
economic growth from its negative impact on the environment. There are also significant
differences in the results of ordering EU countries in the area of sustainable competitive po-
sition. It should be emphasized that only in the case of Denmark; the results obtained in all
analysed areas were the highest. This means that in the case of this country, the potential to
compete in a sustainable way is confirmed by the results in terms of sustainable competitive
position. This is also one of the reasons for the significant diversity of EU countries in terms
of similarity achieved in all distinguished areas. Despite the differences in the classification of
the studied EU countries in the years 2008 and 2016, the impact of the location of countries
in the geographical regions of Europe and direct neighborhood on the results achieved in
the field of sustainable competitiveness is still visible.

The future directions of research have been supplemented at the end of “Conclusions”
part. According to authors, the further steps of research could be dedicated to forecasting of
the development of EU countries in the area of sustainable competitiveness. For this purpose,
the econometric models verifying the relation between considered areas in more detailed
manner can be estimated. The knowledge about the direction of development in the area
of sustainable competitiveness in the case of current situations related to the pandemic and
prevised slowdown of the economies of the world’s countries have become more and more
important. The current situation on the world’s market probably may change the relation
between the countries and their directions of development.

It is also necessary to emphasize that the obtained results of the rankings are the result
of the division of indicators into groups adopted by the authors, describing, e.g. the ability
to compete sustainably in a social, economic dimension, etc. With a different distribution
of these indicators, the obtained results may be different. The research results presented in
the paper can be applied as a starting point to carry out more detailed analysis regarding
the discrepancies in the level of sustainable competitiveness of particular Member states
and consequently, diversification of the opportunities and requirements presented by EU
countries’ policy in this area.
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