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A B S T R A C T

Until recently, the sustainable development indicators published by Eurostat were divided into 10 thematic
areas. Currently apart of this division, the new indicators system divided into 17 objectives of the Sustainable
Development Strategy according The 2030 Agenda for Sustainable Development has been published. The ana-
lyses presented in this paper are concentrated on the previous system of division of sustainable development
indicators. The indicators in this database are divided into 3 levels reflecting their hierarchy: headline, opera-
tional and explanatory level of indicators. The purpose of the paper is a comparative analysis of relationship
between the results achieved by individual EU Member States based on hierarchical structure of indicators
published by Eurostat. Such a way of analysing sustainable development indicators has not been yet practiced in
the literature in this field. The value added of the paper to the current state of knowledge in this field is the
opportunity not only to determine, for example, the position occupied by individual Member States within
individual areas of sustainable development monitored by Eurostat, but also to analyse interrelationships oc-
curring within particular levels of monitoring of the Sustainable Development Strategy. According to the results
of the research, differences in the ranking of EU Member States on the consecutive levels of monitoring the
sustainable development strategy for different areas can be observed. In line with the hierarchical method of
presenting the sustainable development indicators adopted by Eurostat, state rankings were prepared for each
selected indicators aggregation level. For this purpose, a taxonomic measure of development based on Weber
median vector was used. The results obtained clearly present the relatively low level of correlation between the
results obtained by individual EU Member States on the subsequent levels of monitoring the implementation of
EU strategy. This way of hierarchical analysis can be also used in the analysis based on indicators elaborated for
The 2030 Agenda for Sustainable Development.

1. Introduction

The concept of sustainable development which was first formulated
explicitly during the Third UNEP Program in 1975 as “(…) such a
course of inevitable and desirable economic development that would
not materially and irreversibly affect the human environment and
would not lead to the degradation of the biosphere and would not
undermine the laws of nature, economics and culture” (UN, 1975), has
since the beginning enjoyed considerable interest among researchers
from various fields of science. The inclusion of economic issues in this
definition has become the basis for formulating a broader concept of

sustainable development. In the Brundtland Briefing Report of the
World Commission on Environment and Development UN in 1987,
sustainable development was defined as “sustainable development to
meet current needs without the risk that future generations will not be
able to meet their needs” (WCED, 1987).

These tendencies are confirmed by a huge increase in academic
publications on the topic. In the Web of Science database alone, which
contains the content of the most reputable periodicals, Zhu and Hua
(2017), identified nearly 60,000 records (analysed 1987–2015) on
various areas of sustainable development. As many as 149 different
research areas have been identified by researchers from nearly 50
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countries around the world. Most publications in this area were pub-
lished by authors from the People's Republic of China (11,718), the
United States (8839), the United Kingdom (4905), Australia (2976) and
Germany (2958). For the sake of comparison, in 1990 only 22 studies
on sustainable development were identified in the database. The in-
crease in the number of studies and analyses in this scope is accom-
panied by various reflections and dilemmas which cover both the am-
biguity in defining sustainable development and the freedom in
constructing the methods and approaches to the measurement of the
issue (Shearman, 1990; Pezzey, 1992; Goodland, 1995; Meadowcroft,
2000; Yigitcanlar, 2010; Waas et al., 2011; Schoolman et al., 2012;
Pezzey and Burke, 2014). The ambiguity of the notion of sustainable
development has been reflected in different definitions and inter-
pretations thereof. At the end of 1980s, economist Pezzey (1989)
identified over 60 different definitions of the term, in the following
decade Michael Jacobs collected as many as 386 definitions (Jacobs,
1995) and in 2002 Caroll (2002) analysed as many as 500 different
definitions that directly or indirectly referred to the term. According to
the information published by Ciegis et al. (2009), approximately 100
different definitions can be found in economic literature only. The main
dilemmas related to the conceptualisation of the term of sustainable
development include, inter alia, doubts raised by some authors (Brown
et al., 1987; Schoolman et al., 2012; Kajikawa et al., 2014; Sauve et al.,
2016; Garces-Averbe and Canon-de-Francia, 2017) regarding the pos-
sibility of meeting, in practice, the basic assumption of the equivalence
of all domains (economic, social and environmental) of sustainable
development. It should be noted, that countries of various level of ci-
vilizational development do not pay the same amount of attention to
the individual domains (areas of sustainable development). Richer
countries, where the socio-economic development achieved the desired
level, may pay more attention to the aspects related to the protection of
natural environment, as opposed to poor countries, or even less de-
veloped ones. What is also significant, are the problems related to the
identification of the destination point or the reference point (e.g.
through comparison between the countries or through determination of
a specific level for all countries, or different levels, depending on the
current situation of individual countries) at which an economy may be
considered sustainable. Yet other dilemmas are related to perceiving
sustainable development as a process. In this case, in the literature
(Glavic and Lukman, 2007; Berger and Zwirner, 2008) attention is
drawn to the need to distinguish two issues, first: sustainability of de-
velopment when e.g. the current state of the process is being researched
and secondly: sustainable development where the changes in various
domains of development are studied. The dilemmas related to the
conceptualisation of the term are reflected, for instance, in a large
number of indicators and ratios (Connelly and Graham, 2003; Parris
and Kates, 2003; Haberl et al., 2004; Böhringer and Jochem, 2007;
Moran et al., 2008; Palme et al., 2008; Klopp and Petretta, 2017; Liu
et al., 2017; O’Brien et al., 2017; Aquilani et al., 2018) and research and
analytical approaches (Hopwood et al., 2005; Duran et al., 2015;
Ioppolo et al., 2016; Kharrazi et al., 2016; Moomaw et al., 2017;
Arbolino et al., 2017; Becker et al., 2017) used for measurement pur-
poses. According to the information published by the International In-
stitute for Sustainable Development (Bossel, 1999), over 170 alter-
native indicators of sustainable development applied in various
countries may be identified in relevant studies. The differences are
visible also in the method of presenting said indicators, which cannot
always be directly referred to the concept of sustainable development
assuming the division into 3 areas (domains: economic, social and en-
vironmental). Such a situation pertains to indicators published by
Eurostat which keeps an extended database of sustainable development
indicators divided into 10 themes. In addition, indicators published in
the database are divided into 3 levels reflecting their hierarchy, which
may also cause difficulties in analysing these indicators (in choosing
between: simultaneous analysis of all indicators on all levels or sepa-
rately for each distinguished indicator aggregation level). Moreover,

absence of an unambiguous determination of their nature (e.g. an in-
dicator stimulating or impeding sustainable development) is a vital
issue. This absence may result in situations wherein both high and low
values of indicators may be interpreted by researchers as positive. Such
a situation pertains e.g. to the indicator of generation of waste ex-
cluding major mineral waste, a high value of which will be unfavour-
able for the environmental area and, concurrently, difficult to mitigate
for dynamically developing countries.

It have to be noted that currently, the indicators published by
Eurostat are presented in two ways, taking into account: the previous
breakdown into 10 thematic areas and the new indicators system di-
vided into 17 objectives of the Sustainable Development Strategy ac-
cording The 2030 Agenda for Sustainable Development (UN, 2015).
Despite the new way of presenting the indicators, a significant part of
them is included in the new database developed for The 2030 Agenda,
which means that the results presented in this paper may be the basis
for advanced analyses of new indicators.

The authors of this study are interested primarily in topics related to
the measurement of sustainable development that allow comparative
analysis with regard to European Union Member States on the basis of
indicators published by Eurostat in the division into 10 areas. In this
regard, it is a relatively new look at indicators that describe sustainable
development. In the literature (Grzebyk and Stec, 2015; Antanasijevic
et al., 2017), taking into account all presented indicators that are
analysed as part of 10 areas isolated by Eurostat, the accomplishment of
objectives included in the European Strategy for Sustainable Develop-
ment is monitored the most often. Moreover, studies are available
which focus particularly on the headline indicators. The available
analyses are both static (the analyses are carried out separately for
selected years), (e.g. Bolcarova and Kolosta, 2015) and dynamic (they
research the changes in individual indicators in selected intervals), (e.g.
Szopik-Dempczyńska et al., 2017). Meanwhile, the hierarchical struc-
ture of indicators raises questions regarding the relationships between
the indicators on various levels (explanatory indicators, operational
indicators and headline indicators).

The purpose of the study is to search for the relationship between
the results achieved by individual EU Member States starting at the
lowest levels of monitoring the objectives of sustainable development
(explanatory indicators level), through operational indicators level up
to the top level (headline indicators level). Such an approach in mon-
itoring sustainable development indicators, in contrast to standard ap-
proaches as seen within the literature based on the analyses of a single
set of indicators or several data set divided into various sub-areas, adds
value to the current state of knowledge in this field and contributes to
the consideration of the possibility of monitoring progress in the im-
plementation of the Sustainable Development Strategy.

The hierarchical structure of the indicators allows to formulate
questions regarding the method of achieving objectives of the European
Strategy for Sustainable Development. In practice it means searching
for an answer to the question whether the accomplishment of objectives
of the sustainable development strategy monitored using indicators
classified at the lowest level in their structure translates into results of
individual EU Member States on higher indicator aggregation level. In
line with the hierarchical method of presenting the sustainable devel-
opment indicators adopted by Eurostat, state rankings were prepared
for each selected indicator aggregation level.

For this purpose a taxonomic measure of development based on
Weber median vector (Weber, 1909) was used. The analysis based on
Weber median vector is a relatively well known method in the literature
(Bedall and Zimmerman, 1979; Ducharme and Milasevic, 1987;
Milasevic and Ducharme, 1987; Martini et al., 2002). It was applied in
the socio-economic practice in such works as: (Młodak, 2006; Pulido
and Sanchez-Soriano, 2009; Pechersky, 2015; Luaks and Kroupa, 2017).
Research on this method was started and presented in 1909 by A.
Weber, in monograph entitled “Industriaellen Standortlehre”. The first
algorithm for the method was developed by J.C. Gower as late as in
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