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Abstract: Sustainable development as a concept, is extremely important both at national and
international levels. To achieve the goals of sustainable development, international cooperation
among countries is of vital importance because no one nation can accomplish these goals
independently. In order to implement the sustainable development strategy, first discussed in 1992 at
the UN Conference of Environment and Development, the indicators of sustainable development
first had to be defined. Considering that the first set of indicators was defined by the Commission on
Sustainable Development (CSD), they were entitled CSD indicators. The smaller set of CSD indicators
in the European Union countries (EU-28) is observed in this study. These indicators cover three
aspects of sustainable development: economic, social and environmental. The goal of this study
is to rank EU countries according to the level that they were able to achieve the objectives of their
respective sustainable development strategies individually, according to the 2013 database. The
appropriate statistical I-distance method was used for this purpose. In the first step, the significant
indicators are distinguished and ranked according to the quantity and importance of the information
they provide for specific research. Subsequently, this method then converts the indicators into a
single measure that reflects the level at which each country has achieved the goal.

Keywords: sustainable development; Commission on Sustainable Development (CSD) indicators;
I-distance method; ranking; European Union (EU-28) countries

1. Introduction

Recently, the concept of sustainable development has become a central topic of interest for
scientists from various areas of research. The issue of sustainable development raises the following
question: how do we provide for the survival and progress of humankind, whilst at the same time
ensuring that we do not jeopardise future generations? [1]. This is a significant issue both at national
and international levels [2] due to the increasing amount of pressure caused by a growing global
population on one end, and limited natural resources and food supplies on the other. Today’s standard
of living has increased significantly in comparison to the past but maintaining this standard has
had a negative effect on the environment. This is the reason why it is crucial that we find balance
between these opposing sides, i.e., progress which cannot be stopped and the constant dwindling of
our natural resources. For this reason, it is necessary to continuously monitor indicators within the
field of sustainable development that enable us to observe each individual situation per country.

The first significant step taken in terms of sustainable development was the United Nations
Conference on Environment and Development, which took place in Rio de Janeiro in 1992. The
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following year the Commission on Sustainable Development (CSD) was founded and its aim was to
supervise the implementation of the decisions taken. For this purpose, in 1995, the first set of 134 CSD
indicators for the successful evaluation of measures and activities regarding the implementation of
sustainable development strategies were defined. At this time, the first set of indicators was tested
on several occasions, reviewed and then adapted to the Millennium Development Goals. Today, the
current set of indicators includes 96 CSD indicators, 50 of which belong to the basic set of indicators [3].

Although, the disestablishment of the Commission on Sustainable Development began in
December 2012, the General Assembly of the United Nations recommended that the Commission
on Sustainable Development hold its final session on 20 September 2013 [4]. A few days later, the
Commission on Sustainable Development turned over its functions relating to the implementation
of Agenda 21 to the new High-level Political Forum on Sustainable Development. On this occasion,
it was concluded that the Commission on Sustainable Development had contributed greatly to the
implementation of the objectives of sustainable development, especially in terms of the process of
forming a set of indicators. This process continued over a period of 10 years and was not an easy task,
according to Bedrich Moldan, Director of Charles University, Prague, and Chair of the Commission
at its ninth session. “He remarked that currently it had become clear that those indicators were very
useful.... He concluded that an analysis of the Commission’s impacts over 20 years and its legacy
should help to bolster the success of the High-level Political Forum on Sustainable Development” [5].
Having in mind all of the above and the fact that “...the Commission on Sustainable Development
has been serving as the high-level body responsible for sustainable development within the United
Nations system and as a forum for the consideration of issues related to the integration of the three
dimensions of sustainable development,...” [4], the authors of this paper took the decision to conduct
their research with these indicators, which had remained relevant for many years. Additionally, an
additional set of indicators that was formed by the UN, which sets up the basis for monitoring the
implementation of sustainable development strategies, could not be found by the authors of this study.

CSD indicators in European Union countries are considered in this paper. However, this research
involves a significantly smaller number of indicators. The reason for this is the indicators selection
process, which will be explained in the second part of this paper, Materials and Methods, and data
availability in all EU countries was taken into consideration. Specific indicators that are not typical
for all countries have not been taken into consideration. Thereby, special attention was paid to
include indicators from all areas of the sustainable development strategy: economic, social and
environmental indicators.

The aim of this research is to use appropriate statistical procedures to rank EU countries (EU-28)
according to the level of achievement of sustainable development strategy objectives and thus to
identify EU countries which lag behind in this regard. Considering the fact that this study includes a
large number of indicators, the statistical I-distance method was chosen, which enables the analysis of
a large number of variables.

Numerous studies have recently dealt with the socio-economic development of European
Union [6,7] or Middle East and North Africa (MENA) countries [8] using the I-distance method.
Furthermore, the I-distance method was used to rank EU countries (EU-27) according to the status
of their health care systems [9] and the world’s universities [10]. The I-distance method is used in
agricultural economics to rank municipalities in the Republic of Serbia according to the level of small
and medium-sized entrepreneurial development in agricultural business [11], or to rank municipalities
in Vojvodina according to their operational efficiency [12], and also to rank the districts of the Republic
of Serbia [13] according to the same criteria.

Many authors are attempting to find an integrated methodological framework for the assessment
of a sustainable development system [14,15], which is extremely complex as it includes the following
three inseparable fields: economy, society and the environment. They are also trying to define and rank
those indicators most important to sustainable development strategy implementation [16]. Considering
all this, the advantage of the I-distance method is obvious; it separates significant indicators in the first
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step and ranks them according to the quantity and importance of the information provided for specific
research. Subsequently, it converts these indicators into a single measure that reflects the level of the
goals achieved.

2. Materials and Methods

The study includes EU countries (EU-28) ranked according to the achieved objectives of the
2013 sustainable development strategy. The 2013 calendar year was chosen as this is the last
year with available data, related to all observed indicators and all countries. The indicators that
measure sustainable development are chosen according to the instructions of the Commission on
Sustainable Development (CSD), and are prepared by the United Nations Department of Economic
and Social Affairs. This Department is a vital interface between global policies in economic, social and
environmental spheres and national action [3]. This fact implies the significance of the instructions
themselves. These instructions include 96 sustainable development indicators which have been
divided into fourteen themes: poverty, governance, health, education, demographics, natural hazards,
atmosphere, land, oceans, seas and coasts, freshwater, biodiversity, economic development, global
economic partnership, consumption and production patterns. Each theme has its own sub-themes.
There are a total of 44 sub-themes, in which the indicators are divided into two categories: core
indicators and other indicators. Only those indicators, which belong to the category of core indicators
and the themes for which data was available for all countries, are included in the research. Indicators
which belong to the following themes: governance, natural hazards, oceans, seas and coasts, freshwater,
biodiversity, global economic partnership, consumption and production patterns were not included
because the data were not available. Of course, this does not mean that the importance of these
themes is diminished in any way, nor that the authors had any intention of reducing their level of
importance. On the contrary, in recent years, a great deal of attention has been placed on the connection
between themes concerning the environment and development. Economic growth is an important
determinant of the environmental outlook. “The sheer scale of economic activity can lead to impacts
on the environment that accumulate over time and can lead to large scale changes in the quality of
the environment” [17]. For example, themes such as climate change, biodiversity loss, water scarcity
and the impacts of pollution and hazardous chemicals on health are noted as ”red light” issues by
the Organisation for Economic Co-operation and Development (OECD) [17,18]. This means that they
require urgent solutions and that it is necessary to implement an environmental policy at a global
level. Otherwise, the expected scenario for the planet is terrifying. Global emissions of greenhouse
gases will continue to be on the rise, which will cause both global temperatures to rise as well as the
frequency with which natural disasters (droughts, storms, and floods) occur. Such climatic conditions,
along with infrastructure and agriculture expansion (for the production of food and biofuel) will lead
to the loss of wildlife habitats, and thus the extinction of certain animal and plant species. This in turn
will lead to a dire situation relating to water scarcity. Air pollution will increase, which will directly
affect public health.

It was for these reasons that a set of 20 indicators was formed in order to cover as many
topics of sustainable development as was possible. Additionally, previous research on the topic
of socio-economic development and prosperity in the country was taken into account while choosing
the indicators [6–8]. The statistical I-distance method is applied to the elected indicators (all 20 of
them), which have been chosen to determine the concept of sustainable development. The indicators
are taken from World Bank Data [19] and Eurostat websites [20].

The statistical I-distance method is the metrics in an n-dimensional space [21], which enables
ranking of countries on the basis of a larger number of indicators according to the development level
in any field of economy and society. ”The common case with different ranking methods is that their
bias and subjectivity can affect the measurements and evaluation to a great extent. This problem can
be somewhat overcome by the use of the I-distance method, ..., which has recently made a significant
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breakthrough” [7]. The advantage of this method is its ability to synthesise a large number of indicators
into one numerical value [21], which will further define the entity’s rank.

This method is primarily applied to rank countries according to economic development level on
the basis of far fewer indicators [22,23] than the number of indicators used today. The reason for this is
quite simple, modern computer technologies and adequate statistical packages provide solutions for a
highly dimensional input data matrix.

For a selected set of variables XT “ pX1, X2, . . . , Xkq chosen to characterise the entities, the
I-squared distance between the two entities er “ px1r, x2r, . . . , xkrq and es “ px1s, x2s, . . . , xksq is defined
as [24]:

D2pr, sq “
k
ÿ

i“1

d2
i pr, sq
σ2

i

i´1
ź

j“1

´

1´ r2
ji.12...j´1
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where:
di pr, sq “ xir ´ x´

i , i “ 1, 2, . . . , k (2)

represents a discriminatory effect of the indicator Xi of the observed country and the fictional unit
X´

i , which is, in this case, defined by the minimum values for each observed indicator, where σi is
the standard deviation of indicator Xi, and rji.12...j´1 is a partial coefficient of the correlation between
indicators Xi and Xj [24]. Due to the definition of a fictional unit, the country with the highest value of
I-squared distance achieved the best results in the implementation of the sustainable development
strategy. A fictional unit can also be defined with the minimal and the average values of the indicators.

In practice I-squared distance is often used to avoid negative partial coefficients of the correlation.
A negative sign can be the result of opposite direction indicators [25]. It is for this reason that, in this
paper, ranking was conducted by using the I-squared distance method.

The construction of the I-distance method has the following logic: the most significant indicator
(X1), which is constructed to carry most of the information for specific research is chosen and its
discriminatory effect is computed. Then, the next significant indicator (X2) whose discriminatory effect
is not included in the previous indicator is involved in the analysis. The analysis continues until all
observed indicators are included.

3. Results and Discussion

CSD indicators are divided according to their themes as proposed by the UN Department of
Economic and Social Affairs [3]. CSD indicator themes and indicators which are included in this
research are presented in Table 1.

The procedure which is used to calculate the I-squared distance values by iterations is described
in the research performed by Milenković et al. [8]. According to them, the procedure is as follows: for
the purpose of ranking European Union countries (EU-28), first, the I-squared distance method has
been applied to the CSD indicators from Table 1. The obtained results have further been improved by
calculating the correlation coefficient for each indicator with the obtained I-squared distance values.
This procedure distinguishes the indicators that are most important for the phenomena the research
refers to, but it also orders indicators according to the quantity of information they provide for specific
research. The results gained from the CSD indicators are shown in Table 2. These results have been
confirmed after seven iterations and they have been accepted as the most conclusive. Confirmation of
the best result is the appearance of the result in two successive iterations.
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Table 1. CSD indicators included in the research.

CSD Indicator Themes CSD indicators Source

1. Poverty
1.1 People at risk of poverty or social exclusion (% of total population) Eurostat
1.2 Improved sanitation facilities (% of population with access) The World Bank
1.3 Improved water source (% of population with access) The World Bank

2. Health

2.1 Life expectancy at birth, total (years) The World Bank
2.2 Mortality rate, under-5 (per 1,000 live births) The World Bank
2.3 Immunisation, DPT (% of children ages 12–23 months) The World Bank
2.4 Immunisation, measles (% of children ages 12–23 months) The World Bank

3. Education

3.1 Early dropouts-education and training (% of the population aged 18–24
with a lower secondary education at most) Eurostat

3.2 Lifelong learning (% of the persons aged 25–64 who stated that they
received education or training in the last 4 weeks) Eurostat

3.3 Tertiary educational attainment age group 30–34 (% of the population
aged 30–34 who have successfully completed tertiary studies ) Eurostat

4. Demographics 4.1 Population growth (annual %) The World Bank

5. Atmosphere
5.1 PM 2.5 air pollution, population exposed to levels exceeding WHO
guideline value (% of total) The World Bank

5.2 Greenhouse gas emissions (in CO2 equivalent) Eurostat

6. Land 6.1 Forest area (% of land area) The World Bank

7. Economic Development

7.1 GDP per capita, PPP (current international $) The World Bank
7.2 Employment to population ratio, 15+, total (%) The World Bank
7.3 Internet users (per 100 people) The World Bank
7.4 Landline subscriptions (per 100 people) The World Bank
7.5 Mobile telephone subscriptions (per 100 people) The World Bank
7.6 Research and development expenditure (% of GDP) Eurostat

Source: Authors’ own work.

Table 2. Coefficient of the correlation between the CSD indicators and I-squared distance.

Indicators R

GDP per capita, PPP (current international $) 0.896 **
Mortality rate, under-5 (per 1000 live births) 0.859 **
Population growth (annual %) 0.804 **
Internet users (per 100 people) 0.761 **
People at risk of poverty or social exclusion (%) 0.717 **
Life expectancy at birth, total (years) 0.697 **
Lifelong learning (%) 0.686 **
Research and development expenditure (% of GDP) 0.588 **
Improved sanitation facilities (%) 0.512 **
Tertiary educational attainment age group 30–34 (%) 0.473 *
Employment to population ratio, 15+, total (%) 0.424 *
Landline subscriptions (per 100 people) 0.403 *
Greenhouse gas emissions (in CO2 equivalent) 0.394 *
Improved water source (% of population with access) 0.345
PM 2.5 air pollution (% of total) 0.266

Immunisation, DPT (% of children ages 12–23 months) 0.235
Education and training dropouts (%) 0.190

Forest area (% of land area) 0.155
Mobile telephone subscriptions (per 100 people) 0.094

Immunisation, measles (% of children ages 12–23 months) 0.062

** p < 0.01; * p < 0.05. Source: Authors’ own work.

As is demonstrated in Table 2, the first 13 indicators are statistically significant (p < 0.05). Among
them, the GDP per capita stands out as the most significant indicator with r = 0.896 (p < 0.01). The
obtained result is in concordance with the research in the field of socio-economic development and the
welfare of the countries in which GDP played an important role [26–29]. However, in some research,
GDP per capita was not ranked among the first five indicators [8], although it is statistically very
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significant. The authors of this research refer to the Davidson hypothesis [30] that the GNP (or GDP)
per capita cannot be considered as the only and crucial indicator of a country’s performance, as it
does not capture the overall well-being of its populations. On the other hand, “...the level of GDP
in a country is viewed as its ability to provide its inhabitants with proper opportunities to enjoy
good economic, social, and environmental conditions of life” [31]. The authors further point out that
increasing the GDP per capita leads to an improvement of the population standard which means
better health care services, secure livelihoods, access to better education, better working conditions,
a healthy and sustainable environment, etc., and these are all present within themes of sustainable
development. The second indicator according to its importance is Mortality rate (under five years of
age) with r = 0.859 (p < 0.01) and it belongs to the group of indicators that refer to public health. The
same result was obtained by Milenković et al. [8] in their study of the socio-economic development of
MENA countries. The authors researching the development of health care systems have pointed out
that mortality rate is a very important indicator of the health status of a country [32] and it further
defines its prosperity. The indicator Internet users is ranked among the more significant indicators with
r = 0.761 (p < 0.01), which is not surprising considering the fact that recently many papers underline
the importance of information and communication technologies (ICTs) in the economic development
and prosperity of a country [8,33,34]. The last seven indicators are not statistically significant, although
their importance for sustainable development should not be ignored. For example, the indicator which
represents the percentage of land covered by forests is important because forests play an important
role in air purification. Furthermore, the importance of indicators which relate to the immunisation
of children is reflected in the fact that the percentage of children who receive standard vaccination
has decreased in recent years. This may lead to the outbreak of various epidemics, including diseases
which have already been eradicated. Such a phenomenon is in contrast with societal progression.

The value of the I-squared distance has been computed individually for each country and the
obtained results are presented in Table 3.

Table 3 shows that Luxemburg is at the top of the list according to the I-distance method. The
same result was obtained by Išljamović et al. [7] in the socio-economic research on the development of
EU countries as well as Koster [35] who observed the economic openness and welfare of 67 countries
from different regions of the world. Koster singled Luxemburg out as a country that should be
a role model. Luxembourg has achieved this position as a result of having the highest GDP per
capita, the lowest Mortality rate and the highest Population growth in comparison to other EU countries.
Bearing in mind the fact that these three indicators are most significant, this result is not surprising.
Also, Luxembourg’s position can be explained by the fact that it is a state which has been able to
continually develop and improve its generous and extensive social welfare regime over the past
100 years [36]. Over the last two decades, governments have increased the standard of living of
their respective populations by introducing a range of social benefits and support for the elderly
and the disabled, parental leave, child care assistance, etc. On the other hand, Luxembourg, with its
relatively small economy, is able to adapt quickly and define special laws that will attract a qualified
labour force, foreign companies, etc. Luxembourg is followed by other Northern European countries:
Sweden, Finland, the Netherlands and Denmark. A similar result was observed in the studies of
Išljamović et al. [7] and Radojičić et al. [6]. In these two papers, Sweden is ranked at third and at
first place, respectively. The Netherlands is ranked as fourth and Denmark is ranked both at seventh
and second place in their studies. These results are not surprising because many studies have been
conducted over recent years and authors are discovering why Scandinavian countries are faring so
well with regard to their welfare. The term the Scandinavian welfare model has become commonplace
within the literature and this term refers to three basic factors: stateness, universalism, and equality [37].
Stateness involves a direct and positive connection between the state and its citizens. The influence
of intermediary structures such as nongovernmental organisations is weak. Universalism includes
universal social rights for all classes of society, social services and cash benefits that are available not
only to the poorer classes but to the middle classes as well. Finally, equality involves relatively small
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differences between social classes, there are slight differences in income and gender differences are
less pronounced than in other countries, while the female employment rate is high. The success of
Scandinavian countries can be attributed to the lessons learned from the severe crisis which lasted
from the 1980s to the 1990s. After which, these countries modernised their economic systems, making
them more flexible [38]. The countries that have recently joined the European Union, such as Romania,
Bulgaria, Lithuania, Latvia, Croatia, and Hungary, have ranked at the bottom of the list. The same
results were observed in the paper written by Išljamović et al. [7].

Table 3. The results of the I-squared distance method for CSD indicators.

Country I-squared Distance Rank

Luxembourg 95.32 1
Sweden 70.44 2
Finland 62.35 3

Netherlands 51.94 4
Denmark 51.24 5

France 47.57 6
Germany 47.37 7
Slovenia 45.77 8
Austria 44.55 9

United Kingdom 44.42 10
Czech Republic 43.43 11

Belgium 43.05 12
Cyprus 42.36 13
Malta 40.81 14

Ireland 40.54 15
Italy 37.37 16
Spain 36.58 17

Estonia 36.49 18
Portugal 35.30 19

Slovak Republic 33.45 20
Greece 33.23 21
Poland 28.74 22

Hungary 28.39 23
Croatia 26.94 24
Latvia 21.82 25

Lithuania 20.29 26
Bulgaria 17.42 27
Romania 14.84 28

Source: Authors’ own work.

4. Conclusions

The I-distance method has its advantages and disadvantages, as does every other method. The
main advantage of this method is that it enables one to rank the observed units on the basis of a large
number of indicators whose values are given per unit. Additionally, this method easily overcomes
the problem of subjectively chosen weighting factors. Furthermore, it allows for the determination
of the volume of information that each indicator provides, in order to set the position of a certain
unit in comparison with another. One of the drawbacks of this method is that it is not internationally
widespread, so there are insufficient references available, though it does not lag behind other ranking
methods in quality [39]. Although recently, an important step has been taken to popularise this method
beyond the borders of the region in which it arises. It is our sincere hope that our attempt to popularise
this method will prove to be successful. The I-distance method has wide practical applications and
has proved to be accurate in ranking observed units, which was shown in the research conducted by
Jeremić et al. [10], when ranking the world’s universities.
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The I-distance method has primarily singled out CSD indicators that significantly determine to
what level the goals of sustainable development have been achieved and then commits the ranking
of these indicators according to their importance and the amount of information they provide for a
specific study. The GDP per capita stands out as the most significant of all indicators. This result is
not surprising because the role of this indicator is always important with regard to socio-economic
development and the welfare of a country. Additionally, the second most significant result is the
Mortality rate (under five years of age), a social indicator, which describes the public health and the
status of the health care system of a country.

The I-distance method has singled out EU countries that have achieved better results in
implementing the sustainable development strategy and thus have achieved good results, such as
Luxembourg which took first place, followed by other Northern European countries, i.e., Sweden,
Finland, the Netherlands and Denmark. Moreover, they have distinguished countries that have been
less successful at achieving their goals relating to sustainable development, and are therefore ranked
at the bottom of the list. For the most part, these are countries that have recently joined the European
Union, such as Romania, Bulgaria, Lithuania, Latvia, Croatia and Hungary. From the obtained results
of the analyses, it can be concluded that the states should follow the example of Luxembourg or other
Scandinavian countries, to take the steps necessary in terms of improving their social systems, which
may potentially lead to an increase in the standard of living of their populations. In turn, this would
increase the general welfare of the state.

In anticipation of the new set of indicators, which will measure to what level sustainable
development goals are achieved, and which must first be approved by the United Nations, it is our
hope that we have made a contribution with this research. In the very least, it has been our intention
to look back on the previous work of such an important organisation in the field of sustainable
development, a field that is of global significance.
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23. Ivanović, B.; Fanchette, S. Grouping and Ranking of 30 Countries of Sub-Saharan Africa, Two Distance-based

Methods Compared; United Nations Educational, Scientific and Cultural Organization: Paris, France, 1973.
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