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Abstract

:

In the context of the development of countries, the issue of sustainability is one of the most important aspects that are currently dealt with by scientists and organizations worldwide. There are developed concepts, sustainable development objectives, as well as indicators and tools for measuring sustainability. Following the scientific approach, which aims at operationalization of the concept of sustainable development, the authors propose the application of their own Vector Measure Construction Method for evaluation of sustainable development progress. This method enables creation of aggregated measures with the use of discretionary configuration of indicators and it can be applied for establishing rankings, classifications, and for analyzing dynamics of changes. The research was conducted for European Union countries based on data related to execution of one of 17 Sustainable Development Goals (No Poverty). The results may constitute the recommendation on the selection of methodological approach for activities related to evaluation of sustainable development.
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1. Introduction


The primary objective of the functioning of any country is assuring the welfare of its citizens. Currently, it is believed that such an objective should be obtained by means of stable, permanent, and self-holding sustainable development policy [1,2]. Such policy shall be structured based on a properly understood concept of sustainability. This significant, holistic, and global concept of development, referring to further evolution of human life on Earth, has become more than just a theoretical viewpoint on social development. For many years, in most of contemporary countries, it has also constituted the basis for the creation of specific structures for development and management policies with regard to the development process itself at local, regional, national, and international levels, and is today the dominant paradigm and leading matrix of development in both developed and developing countries [3].



The focal point of the concept of sustainable development is the well-being of present and future generations [2,4,5,6,7,8]; it, therefore, provides a basis for assessing the level of human development in various economies, as well as the adequacy and effectiveness of their development programs and policies. The application of the concept of sustainable development in this role has required, and continues to require, its operationalization for the purposes of characterization and research to assess progress towards sustainable development in economic reality. The part of the operationalization process that consists of defining the essence of the concept, related terms and their definitions, has been executed so well in recent years that there is some consistency in the literature on the subject regarding the general understanding of the concept of sustainable development [3,9,10], although further discussions are pending in this regard as well, and they can be understood as the result of clashes in values and worldviews [11]. However, the field of broad scientific discussions and research is to determine the most appropriate ways of implementing the concept of sustainable development into economic reality, to identify appropriate objectives and appropriate indicators for assessing achievements, which would make it possible to translate the sustainability concept into categories of measurable phenomena, the scope of research concerning the implementation of sustainable development in individual economies, and the methods and measures which should be used for such assessment and commonly used over the time for cross-sectional comparative analyses.



One of the proposals for operationalization of the concept of sustainable development regarding the identification of its objectives, the selection and definition of variables and indicators to measure its progress is the Agenda 2030 endorsed by the international forum, which defined 17 Sustainable Development Goals (SDGs). The execution of many tasks assigned to each of these objectives is measured by several indicators adapted at a national level, which makes it difficult to monitor progress towards the objectives of sustainable development and requires the aggregation of the values of these indicators.



The commonly used methodological approaches to the assessment of sustainable development (including the poverty level) are mainly based on defined indexes, including selected indicators [12,13,14,15]. However, there are situations in which additional indicators should be included or defined in their own sets. One should then look for solutions that enable such versatility. In addition, the analysis of economic phenomena (e.g., the level of poverty) requires a study of changes in time (dynamics studies). Static methods, allowing analysis of objects at a given moment of time, omit changes in their various forms and dimensions over time. Therefore, it is necessary to search for such methodical solutions, which on the one hand would give a certain universality in the construction of indexes for assessing sustainable development, and on the other, the possibility of studying the dynamics of change. One of the direction of the search are the areas of multidimensional comparative analysis [16,17,18] and multi-criteria decision-making analysis [19,20,21,22,23]. The methods from these areas enable the construction of aggregate measures using any configuration of indicators. They allow creation of the classification of objects and the construction of rankings due to different evaluation criteria. The problem to be investigated, however, may be effectiveness in studying the dynamics of change. In the case of the reference methods, there may be a restriction related to the location of the tested object in the considered multidimensional space (outside its area). It is then necessary to rebuild the pattern, what causes difficulties in studying the dynamics of change.



The aim of the article is to present fitness and usefulness of the Vector Measure Construction Method (VMCM) for assessment of sustainable development in the context of poverty level study. To accomplish this objective, the dynamics of sustainable development in the European Union (EU) countries was assessed with regard to the first “End poverty in all its forms everywhere” of 17 SGDs formulated in the Transforming Our World document: The 2030 Agenda For Sustainable Development) [24]. The usefulness of the VMCM method for such analyzes was further underlined by comparing results obtained by its application with those obtained with the use of the Technique for Order Preference by Similarity Ideal Solution (TOPSIS). These two methodologically similar methods are successfully implemented, among others, to rank and classify the analyzed objects, giving good, similar results. The article indicates, however, differences in their usefulness for determining the dynamics of phenomena (in this case, the poverty level), indicating consequently greater usefulness of the VMCM method.




2. Literature Review


2.1. The Aims of Sustainable Development


The literature treats sustainable development as a “bridge” concept that can bring together seemingly distinct policy areas and bring together often conflicting views and interests of social stakeholders with regard to a common goal [25], as the concept allows different views to co-exist, and in this case offers great “flexibility in interpretation” [11]. At the same time, it constitutes a leading institutional principle and a specific political objective [11] and the basis for intervention in social life which, in order to be effective, should trigger appropriate behavioral changes [26]. It is also seen as a decision-making strategy in which sustainability assessment and sustainable development indicators are decision-making tools that can play an important role in such a strategy by addressing three challenges: interpretation, information structure and impact [3,27].



In the normative approach to economic policy, the multifaceted concept of sustainable development should be understood as a set of objectives and, at the same time, as a means of achieving overarching objective of gaining high prosperity and quality of life in the long-term perspective, based on respect for environmental resources. This set of objectives may be established at lower decision-making levels (local, national) due to their specific development problems. However, sustainable development is a global issue and this set of objectives should therefore be agreed jointly at international level and then endorsed and accepted for implementation by lower decision-making levels. This second method of defining sustainable development objectives which are important for all societies was visible internationally within the framework of the Millennium Development Goals (MDGs). These objectives, adopted in September 2000 as part of the Millennium Declaration, were applied in years 2000–2015. During this period, developing countries made significant progress towards achieving MDGs, although progress has proven to be considerably variable depending on objectives, countries and regions [28,29].



The Millennium Goals have been replaced by SDGs with goals formulated in the document Transforming Our World: The 2030 Agenda for Sustainable Development (2030 Agenda) [24]. SDGs and their respective tasks are a continuation of the MDGs and an expression of the pursuit of unfulfilled goals. However, they are more comprehensive and ambitious than MDGs and promote better integration of the environmental, economic and social pillars of sustainable development [30]. Basic information on MDGs and SDGs has been presented in Table 1.



Using the definition from the Bruntland Commission’s report [31] sustainable development in 2030 Agenda is understood as intergenerational solidarity based on finding solutions that guarantee further growth and allow for active inclusion of all social groups in development processes, at the same time enabling them to benefit from economic growth. To achieve sustainable development, it is, therefore, necessary to ensure coherence between three key elements: economic growth, social inclusion and environmental protection which are interconnected and vital for the well-being of individuals and the society as a whole [32,33].



SDGs presented in 2030 Agenda are the result of three years of negotiations and were formally adopted on 25 September 2015 when representatives of the governments of 193 UN member states met in New York and reached unprecedented agreement on a set of SDGs. SDGs are called global targets and they are considered as binding until 2030 guidelines leading all operators (including business ones) to a more prosperous, equitable and peaceful world. They are universal, transformative, and inclusive, describing the main global development challenges that are essential for the survival of humanity. Their achievement is expected to ensure a balanced, peaceful, prosperous, and equitable life on Earth for all, now and in the future. These objectives set environmental limits and critical thresholds for the use of natural resources and provide that the elimination of “poverty must go hand in hand with strategies that build economic development. SDGs address key systemic barriers to sustainable development such as inequality, unsustainable consumption patterns, weak institutional capacity and environmental degradation” [34].



SDGs as universal objectives apply to all countries—the poor, the rich and the middle-income ones—as well as to all social groups. None of 17 SDGs is separated from others and all of them require comprehensive and participatory approaches. Although each of them focuses on a different thematic area and has a clear starting point in one of the three pillars of sustainable development, they are to be integrated, indivisible and jointly supportive for the development agenda that balances economic, social, and environmental dimensions of sustainable development. Although not legally binding, SDGs provide a global normative framework for development [33,35]. SDGs are expected to lead governments in addressing the most pressing challenges faced by humankind. Governments and other stakeholders should therefore develop national and regional implementation plans based on SDGs [34,35].



2030 Agenda, which defines SDGs, is neither a plan of concrete actions nor navigating through complexities and compromises that will undoubtedly emerge during its implementation. This is a proposal for a new global development plan setting out objectives and targets to help guide development policies at global, country, and regional levels, and basing them on facts and evidence as well as progress monitoring with the need to adjust sets of sustainable development indicators in countries adopting them.



Sustainable development is firmly anchored in the European Treaties and has long been at the heart of European policy. The EU countries adjusted, endorsed in May 2017, indicators monitoring progress of development to 17 SDGs objectives. Based on these indicators, a report was prepared in October 2017 marking the start of regular monitoring by Eurostat of progress towards the EU’s sustainable development objectives. The analysis therein contained is based on a set of EU SDGs indicators, developed in cooperation with a wide range of stakeholders. The set of indicators comprises 100 indicators organized according to 17 objectives of sustainable development, but for each SDG the focus is on aspects relevant from the EU perspective [36].



The first of 17 SDGs objectives was focused on elimination. MDGs in force until 2015 aimed at eliminating extreme poverty, while SDGs aimed at eliminating poverty in all its forms throughout the world. The Bruntland report [31] indicates that “poverty is a major cause and effect of global environmental problems. It is, therefore, futile to attempt to deal with environmental problems without a broader perspective that encompasses the factors underlying world poverty and international inequality”. This objective clearly demonstrates the need to ensure equal access to and control of natural resources for all, as well as to reduce the vulnerability of poor people to climate and environmental risks. This objective underlines the growing recognition that a holistic understanding of poverty in all its dimensions requires an understanding of the significance of nature and ecosystem services [2].



On SDGs 1 (End poverty in all its forms everywhere), “the role of the European Union internally, in line with the subsidiarity principle, is mainly to support member states in the fight against poverty to help them reach the headline target on poverty set by the Europe 2020 strategy in a context where the crisis has affected progress towards the target” [37].




2.2. Poverty and Its Measure


There are many definitions of poverty in the literature, but there is also a view that the current definitions prevailing in social sciences do not contribute to a proper understanding of poverty [38]. The term “poverty” can be considered to have a cluster of different overlapping meanings depending on the subject area or discourse [39]. Hagenaars and de Vos [40], Foster [41] and Lok-Dessallien [42] report that three types of poverty can be distinguished [43]:




	
absolute (poverty entails having less than an objectively defined, absolute minimum),



	
relative (poverty entails having less than others in society),



	
self-assessed (poverty is a feeling that you do not have enough to get along).








Depending on the type of definition, different poverty measures (indices) can be used. The most common indices are as follows [12,13,14,15]: Headcount Ratio, Poverty Gap Measure, Watts Index, Sen-Shorrocks-Thon Index, Squared Gap Measure, Foster-Greer-Thorbecke (FGT) Family of Indices, Mean Gap Measure, Clark-Hemming-Ulph-Chakravarty (CHUC) Family of Indices. These are measures based primarily on the income criterion. However in recent years there has been a growing consensus regarding the insufficiency of income poverty measures [44,45]. There are numerous proponents of multidimensional approach, including for instance [45,46,47,48,49,50,51,52,53,54,55,56,57,58]. In many of studies, not only does the concept of poverty have numerous dimensions but its measurement instrument comprises monetary and non-monetary indices [43].



Considering the multiple dimensions of poverty has become increasingly important for understanding development over the recent years [59]. So several methodologies for multidimensional poverty measurement have been proposed, which can be broadly grouped into [46]: axiomatic [60,61,62,63,64] and information theory approaches [65], fuzzy set theories [66], and latent variable methods [67,68].



The most commonly used multidimensional measures of poverty in recent years are Human Poverty Index (HPI) and Multidimensional Poverty Index (MPI) which substituted in 2010 the HPI [69].



The HPI was developed in 1997 by the UN to supplement the human development index. It served as an additional measure of the standard of living in a country. Before 2010, the HPI was calculated separately for developing countries (HPI-1) and developed countries (HPI-2). The HPI-1 is defined as “a composite index measuring deprivations in the three basic dimensions captured in the human development index—a long and healthy life, knowledge and a decent standard of living” and the HPI-2 as “a composite index measuring deprivations in the four basic dimensions captured in the human development index—a long and healthy life, knowledge and a decent standard of living—and also capturing social exclusion” [70].



The MPI was developed at the Oxford Poverty and Human Development Initiative in collaboration with the Human Development Report Office. It refers to three dimensions (health, education and living standards) and uses ten indicators: nutrition and child mortality, school attendance and years of education, access to drinking water, improved sanitation, electricity, clean cooking fuel, non-dirt floor and two small assets or a big one. The MPI gives more importance to deprivation in multiple dimensions than the HPI, which is neutral to the incidence of multiple deprivation [58]. The MPI was designed to “reflect acute multidimensional poverty in a cross-country comparable way and has been tested for robustness to changes in weights, deprivation cutoffs, poverty cutoffs and sample variability” [71,72]. Like any poverty measure, particular implementations of a methodology, such as the MPI, are limited by the quality, content, and frequency of data available [72,73].



The above methods of measuring poverty, even if they take into account the multidimensionality of social and economic problems, do not take into account all its dimensions and tasks arising from the 2030 Agenda aimed at achieving the first of its objectives. In addition, they measure poverty in a static way, at a given moment in time, ignoring changes of its various forms and dimensions over time. Poverty is a negative phenomenon that needs to be well understood and combated. Therefore, the study on it cannot be based solely on static methods and examination of the dynamics of poverty, its changes over time in various dimensions should be the standard in assessing the effects of social and economic policies aimed at reducing poverty. A proposal for the assessment of poverty is set out below, taking into account its dynamics. The analysis was based on a set of 1 SDGs indicators tailored to EU needs.





3. Materials and Methods


The SDGs indicator group (derived from the Eurostat database [66]), covering the time horizon 2005–2016, was analyzed. These are related to the first objective of SDGs in the EU context. This group (one of seventeen) marked “NO POVERTY” includes the following indicators [36]:




	
People at risk of poverty or social exclusion (sdg_01_10);



	
People at risk of income poverty after social transfers (sdg_01_20);



	
Severely materially deprived people (sdg_01_30);



	
People living in households with very low work intensity (sdg_01_40);



	
Housing cost overburden rate by poverty status (sdg_01_50);



	
Population living in a dwelling with a leaking roof, damp walls, floors or foundation or rot in window frames of floor by poverty status (sdg_01_60);



	
Self-reported unmet need for medical care by detailed reason (sdg_03_60);



	
Population having neither a bath, nor a shower, nor indoor flushing toilet in their household by poverty status (sdg_06_10);



	
Population unable to keep home adequately warm by poverty status (sdg_07_60);



	
Overcrowding rate by poverty status (sdg_11_10).








The survey covered 25 EU countries out of 28 countries in total. Three EU countries (Croatia, Denmark, Sweden) were eliminated from the survey due to lack of complete data for the period 2005-2016. SDGs-1 (or other) indicators can be used to create aggregate measures that allow determination of poverty levels. In the world literature there are many such measures (indices), as e.g., Headcount Ratio, Poverty Gap Measure, FGT, etc. (they have been described in previous paragraphs). They are constructed based on specific indicators, creating a closed set of indicators, i.e., in principle, they do not allow addition of additional variables to the measure. Another approach that can be applied to the poverty analysis is the use of methods within MCA—Multidimensional Comparative Analysis (e.g., HELLWIG [16], Generalized Distance Measure (GDM) [18,74], Taxonomic Measure Attractiveness of Investment (TMAI) [75], etc.) and within Multiple Criteria Decision Making (MCDM) analysis (e.g., TOPSIS [19], VIsekrzterijumska Optimizacija iKompromisno Resenje (VIKOR) [22,76], ELimination Et Choix Traduisant la REalité III (ELECTRE III) [23], etc.). These methods make it possible to create aggregate measures with the implementation of any indicator configurations. Such an approach is more universal and, at the same time, provides an opportunity to study complex economic phenomena described by many factors. These methods make it possible, for example, to classify objects and to rank them according to different evaluation criteria. Each method uses different calculation algorithms, different procedures and may also offer additional options, such as studying the dynamics of changes. The world literature presents a wide range of applications of MCDM methods in the field of sustainable development [20,77,78,79,80,81,82,83,84].



The authors of the article carried out a study (case study) aimed at verifying the usefulness of two methods (TOPSIS, VMCM) for classification, ranking and studying the dynamics of changes in poverty levels in the EU member states. These methods have been chosen because of a similar mode of operation (calculation algorithms).



3.1. TOPSIS Method


The TOPSIS method (Technique for Order Preference by Similarity to Ideal Solution) has been developed to organize (sort) decision variants according to their similarity to the matrix, i.e., the most desired variant. This is achieved by minimizing the distance to the matrix, the so-called ideal reference solution, and maximizing this distance to the negative matrix called negative ideal reference solution. Between each variant and the ideal and negative ideal matrix, distances are calculated based on which measure value is determined. It allows creation of the final sequence [19]. The data types taken into account determine different versions of the TOPSIS method: classic, interval or fuzzy. In the classic version, the characteristics of the objects analyzed are described by means of known actual values [19]. The interval variant of the TOPSIS method assumes that the values of the object characteristics are interval numbers, i.e., the beginning of the interval determines the minimum value of the feature and its end, the maximum value [85]. In case of a fuzzy version of the method, the values of the object characteristics are not precisely defined, they can be described by means of a linguistic variable covering one of three levels of assessment: negative (pessimistic), indirect (most probable) or positive (optimistic) [86]. The TOPSIS method is generally known worldwide and widely used in various areas of social and economic life [17,19,22,85,86,87], also in the field of sustainable development [21,88,89,90,91,92,93]. For this reason, this article will not describe this aspect more thoroughly.




3.2. VMCM Method


VMCM is the relatively new method (methodological bases have been developed in 2009 [94]), thus it will be presented in details. The method utilizes the vector calculus properties to build vector synthetic measure (based on the definition of the scalar product). Such an approach allows for making ranking classification of objects and study of change dynamics.



The procedure of VMCM comprises 8 stages:




	
Stage 1. Selection of variables.



	
Stage 2. Elimination of variables.



	
Stage 3. Defining the diagnostic variables character.



	
Stage 4. Assigning weights to diagnostic variables.



	
Stage 5. Normalization of variables.



	
Stage 6. Determination of the pattern and anti-pattern.



	
Stage 7. Building the synthetic measure.



	
Stage 8. Classification of objects.








3.2.1. Stage 1. Selection of Variables


The selection can be implemented in two ways, namely using the approach related to substantive and logical selection and the approach related to the elimination of variables such as those characterized by a high degree of collinearity. Criteria for the selection of diagnostic variables are described in detail in the literature, e.g., [17]. They define the characters of such variables, e.g., they should include the most important properties of considered phenomena, should be precisely defined, logically connected with each other, they should be measurable (directly or indirectly) and expressed in natural units (in the form of intensity indicators). In addition, they should contain a large load of information, have high spatial variability, should be highly correlated with non-diagnostic variables and a synthetic variable, and should not be highly correlated, etc. The procedure for the selection of diagnostic variables is related to a variety of statistical analyzes, during which many of different criteria are considered.



Based on collected data the observation matrix   O  [  n × m  ]    where rows represent objects and columns represent variables is created. When making calculations in the vector space rows in the matrix are considered as vectors (objects) and columns as coordinates for these vectors (     x i    j      ).



The amount      x i    j       represents the value of i-th variable for j-th object, n is the number of objects, and m—number of variables.




3.2.2. Stage 2. Elimination of Variables


Elimination of variables is carried out by using significance coefficient of features [95]:


    V   x i    =    σ i      x ¯  i     ,  



(1)




where:



   x i   —i-th variable,



   σ i   —standard deviation of the i-th variable,



    x ¯  i   —mean value of the i-th variable,



whereas:


     x ¯  i  =     ∑  j = 1  n      x i    j        n   ,  



(2)




and:


    σ i  =         ∑  j = 1  n    (     x i    j     −   x ¯  i   )     2    n − 1      .  



(3)







Variables, for which significance coefficient values are within the range    〈  0 ;   0 , 1  〉   , are quasi-constant and such variables should be eliminated from the set of variables under consideration [95,96].




3.2.3. Stage 3. Defining the Diagnostic Variables Character


Definition of the diagnostic variables character refers to assigning diagnostic variables to the one of three groups, namely stimulants, destimulants and nominants. Stimulants are such variables, which greater values mean the higher level of development of studied phenomena, e.g., considering the quality of life there will be: number of general practitioners, cars, residential area per person, etc. Destimulants are such variables which smaller values mean the higher level of development, for instance, considering the standard of living there will be: inflation, unemployment, etc. While nominants are such variables, which desired values are within a specific range (e.g., natural growth, lending rate, etc.).




3.2.4. Stage 4. Assigning Weights to Diagnostic Variables


To take into account the different impact of diagnostic variables on aggregate measures, weight systems are constructed. Two approaches apply when determining variable weights. The first uses non-statistical information, in which the weights are usually determined by the expert assessment method, they are so-called substantive weights. The second approach is related to the use of information from various types of statistical materials. In this case, we are talking about statistical weights. In practice, we often set weights using the second approach, which is based on statistical resources.



Weighing variables can be carried out for example with the use of a relative information value meter [94] (other measures may also be used):


    w i  =    V   x i        ∑  k = 1  m    V   x k         ,  



(4)




where:    w i    means variable’s weight.



The variable will have the greater impact on the value of the measure, the higher the    w i    value will be, what means the greater variability for the analyzed set of objects the given variable will have. However, it should be remembered that the weights are to be positive and meet the following condition:


     ∑  i = 1  m    w i  = 1    .  



(5)







Nevertheless, regardless of the system adopted the weights should be normalized.




3.2.5. Stage 5. Normalization of Variables


The variables used in studies are heterogeneous, because they describe the various properties of objects. They can occur in different units of measure, which additionally hinder any arithmetic operations. Therefore, the next stage in the construction of the measure of development that must be carried out consists of normalizing variables. This process leads not only to the elimination of units of measurement, but also to equalize the values of variables. Standardization is the most commonly used normalization techniques:


       x ′  i    j       =    a i     σ i     ,  



(6)




where nominator    a i    can be defined in any way, e.g.:


    a i  =    x i    j       −   x ¯  i   ,  



(7)




where       x ′  i    j         is normalized value of the i-th variable for the j-th object.




3.2.6. Stage 6. Determination of Pattern and Anti-Pattern


Pattern and anti-pattern can be selected as real-life objects. It is also possible to automatically determine the pattern and anti-pattern based on the first and third quartiles [94]. Where for stimulants values of the third quartile and for destimulants values of the first quartile are taken as coordinates of the pattern accordingly:


       x ′  i    w       =  {          x ′  i     q  III         for   stimulants           x ′  i     q I        for   destimulants        ,  



(8)




where       x ′  i    w         is the value of the i-th normalized variable for the pattern,       x ′  i     q I         —the value of the i-th the normalized variable for the first quartile, and       x ′  i     q  III          — the value of the i-th normalized variable for the third quartile.



In case of anti-pattern, the procedure is inversed, values in the first quartile are anti-pattern coordinates for stimulants and values in the third quartile for destimulants:


       x ′  i    a w   =  {          x ′  i     q I        for   stimulants           x ′  i     q  III         for   destimulants        ,  



(9)




where       x ′  i    a w     means the value of the i-th normalized variable for anti-pattern.



The first quartile is determined following the formulas [97]:




	
for n divided by 4:


    q I  =    x  i ,   n 4     +  x  i ,   n 4   + 1    2   ,  



(10)







	
for n+1 divided by 4:


    q I  =  x  i ,    n + 1  4        ,  



(11)







	
for n+2 divided by 4:


    q I  =  x  i ,   n 4   + 0 , 5    ,  



(12)







	
for n+3 divided by 4:


    q I  =    x  i ,    n + 1  4   − 0 , 5   +  x  i ,    n + 1  4   + 0 , 5    2   .  



(13)












While the third quartile is determined following the formulas:




	
for n divided by 4:


    q  I I I   =    x  i ,    3 n  4     +  x  i ,    3 n  4   + 1    2   ,  



(14)







	
for n+1 divided by 4:


    q  I I I   =  x  i ,    3 ( n + 1 )  4      ,  



(15)







	
for n+2 divided by 4:


    q  I I I   =  x  i ,    3 n  4   + 0 , 5    ,  



(16)







	
for n+3 divided by 4:


    q  I I I   =    x  i ,    3 ( n + 1 )  4   − 0 , 5   +  x  i ,    3 ( n + 1 )  4   + 0 , 5    2     ,  



(17)




where:



   q I  ,  q  I I I    —the first, the third quartile;



n—number of objects.









3.2.7. Stage 7. Construction of the Synthetic Measure


The values of the variables of the examined objects in the vector space are interpreted as vector coordinates. Each object therefore determines a specific direction in space. The pattern and anti-pattern difference is also a vector which determines a certain direction in space. Along this direction, the aggregate measure value for each object is calculated. This difference can be treated as a monodimensional coordinate system, in which the coordinates are calculated based on the formula [96,98]:


   c =    (   A →  ,  B →   )     (   B →  ,  B →   )     .  



(18)







In turn,   A →   and   B →   are vectors, and    (   A →  ,  B →   )    is the scalar product, which can be defined as follows:


    (   A →  ,  B →   )  =   ∑  k = 1  n    a k   b k     ,  



(19)




where:



   a k   ,    b k   —coordinates of the appropriate vector   A →   and   B →  .



We consider the   B →   vector as the monodimensional coordinates system, thus it represents a difference between the pattern and anti-pattern. By entering coordinates of the pattern and anti-pattern as well as the object into the formula (18) the result is as follows [96,98]:


      m a    j       =     ∑  i = 1  m    (      x ′  i    j   −     x ′  i    a w    )   (      x ′  i    w   −     x ′  i    a w    )        ∑  i = 1  m      (      x ′  i    w   −     x ′  i    a w    )   2       .  



(20)







For a synthetic measure so constructed, all objects that are better than the anti-pattern and worse than the pattern will have the measure value in the range from zero to one. The pattern will have the value equal to one and anti-pattern equal to zero. It is also possible to specify the value of the objects’ measure better than the pattern. They will have values greater than one. Objects that are worse than the anti-pattern will have a negative value of measure. Thanks to this, the position of the object in the ranking in relation to the pattern and anti-pattern will be easy to determinate.



In VMCM method a measuring vector      M ′  →   j     is a difference between the vector of the pattern      X ′  →   w     and the vector of the anti-pattern      X ′  →   a w     (Figure 1a). The vector      M ′  →   j     determines a monodimensional coordinates system having the origin in the point determined by the end of the vector of anti-pattern      X ′  →   a w    . Aggregate measure      m a    j     is the component (value of projection) of the vector      X ′  →   j   −    X ′  →   a w     on the vector      M ′  →   j     (Figure 1b).




3.2.8. Stage 8. Classification of Objects


The values of the aggregate measure allow for ranking objects; thus, it is possible to determine which of them are “better” and which are “worse”. They also allow the determination of which are similar to each other in terms of adopted criteria. To better visualize the results of calculations, objects can be divided into classes with similar measurement values. This is particularly important in the case of spatial objects. Such a ranking can be presented in the form of a map, where individual objects are visualized using the colors assigned to individual classes. In the simplest case objects can be classified based on mean value     m ¯    m  a 0       and standard deviation of the synthetic measure    σ   m  a 0      . Objects are classified into four classes [94]:


    {    1   for      m a    j       ∈  〈    m ¯    m  a 0     +  σ   m  a 0       ;     ∞  )    ,       2   for      m a    j       ∈  〈    m ¯    m  a 0     ;   m ¯    m  a 0     +        σ   m  a 0      )    ,     3   for      m a    j       ∈  〈    m ¯    m  a 0     −  σ   m  a 0       ;       m ¯    m  a 0      )    ,       4   for      m a    j       ∈  (  − ∞ ;     m ¯    m  a 0     −    σ   m  a 0      )  .       



(21)







It is also possible to classify objects into any number of classess by using quantiles:


    {    1   for      m a    j       ∈  〈   Q    0   n c         ;      Q    1   n c        )  ,     2   for      m a    j       ∈  〈   Q    1   n c         ;      Q    2   n c        )  ,     ⋮        n c    for      m a    j       ∈  〈   Q      n c  − 1    n c         ;    Q      n c     n c        〉  ,       



(22)




where:



   Q k   —quantile of the k-th order;



   n c   —number of classes.





3.3. The Course of the Research Experiment


The studies, both with the use of the TOPSIS and VMCM methods, were carried out based on the same data (SDGs-1 implementation indicators) and in the same period 2005–2016. The ranking of EU countries and their classification according to the poverty level (assignment to one of four groups according to the value of the aggregate measure) was made for two years, i.e., 2006 and 2016. To show differences in the usefulness of both methods for examining the dynamics of changes, two periods were considered for each of these years, based on which the matrix was created. Thus, for 2006 the matrix was created based on data from 2005–2009 and 2005–2016. However, for 2016 these were the following timeframes: 2005–2016 and 2010–2016. Such research assumptions made it possible, apart from obtaining a ranking of countries and their classification, to verify the applicability of the TOPSIS and VMCM methods for studying the dynamics of poverty level changes.





4. Results


First, poverty level analysis was carried out with the use of the TOPSIS method. The obtained results of the aggregate measure and the determined classification are presented in the tables below. To visualize better the results of the EU country classification, maps have been generated. Similar calculations were made with the other method (VMCM) and the results were presented in the same way as in case of the TOPSIS method. The final stage of the study was to examine the applicability of both methods for studying the dynamics of poverty, as shown in the charts.



4.1. TOPSIS Method


Calculations made with the use of the TOPSIS method, showing the classification of countries by poverty level in 2006 are presented in Table 2 and in Figure 2. Two timeframes for which matrices were created were analyzed (2005–2016 and 2005–2009).



Figure 2a shows the classification of the analyzed countries in relation to the matrix created based on data from 2005–2016 and Figure 2b in relation to the matrix created based on data from 2005–2009. Two differences can be observed in the classification (between Figure 2a,b). Due to a change in ranking (Table 2), which in this case had a direct impact on the classification (1 to 4), Ireland moved from Class 1 to Class 2, while Spain moved from Class 2 to Class 1. The results of the analyzes show that the poverty levels in these countries varied depending on the analytical period adopted for determining the matrix (2005–2016 or 2005–2009). This should not be the case, of course, and there should be no change in the ranking of countries, regardless of the period taken into account while creating the matrix. Moreover, it can be seen in Figure 2 (which should not be surprising) that the worst situation in terms of poverty level was recorded in countries newly acceded to the EU (Class 4), i.e., Hungary, Poland, Lithuania, Latvia, Romania, and Bulgaria. The worst result was achieved by Bulgaria. It is a group of so-called new EU member states, which joined the EU in 2004 and 2007.



Similar studies (conducted with the TOPSIS method) were carried out for the year 2016. Two timeframes (covering the year 2016) were analyzed, namely 2005-2016 and 2010-2016. Based on these periods, two matrices were created (reference points). The obtained ranking of the EU countries is presented in Table 3, while visualization of their classification is presented in Figure 3.



The classification of EU countries for 2016 based on the 2005–2016 matrix changed partly because of the creating the matrix taking into account the years 2010–2016. Slovakia, which was assigned to Class 2 (Figure 3a), moved to Class 3 (Figure 3b), Ireland moved from Class 3 to Class 2, Estonia moved from Class 3 to Class 4 and Italy moved from Class 4 to Class 3. As in the previous case study (2006), also in 2016, different ranking and classification results were obtained for some countries. Comparing the results obtained for 2016 (Table 3) and 2006 (Table 2), it can be seen that the situation in Poland and Hungary has improved. These countries have clearly benefited from the accession to the European Union, which is, moreover, in line with the EU’s support policy in this respect.




4.2. VMCM Method


Similar studies were carried out with the use of the VMCM method. They covered the same years (2006 and 2016) for rankings and different periods for creating the matrix (as with the TOPSIS method.) The obtained calculation results are presented in Table 4 and the visualization of the classification is presented in Figure 4.



Figure 4 shows the results of the 2006 and 2016 surveys classifying EU countries by level of poverty. The research conducted for 2006 for the adopted matrix from the periods 2005-2016 and 2005-2009 provided the same results (Figure 4a). The ranking of countries (Table 4), and consequently their classification (Class 1–4), is the same in both cases. A similar situation (the same results) is observed for the studies carried out for the year 2016 and two timeframes for the matrix creation (2005-2016 and 2010-2016), which is presented in Figure 4b.



The VMCM method (as well as the TOPSIS method) indicated that in 2006 the worst situation in terms of poverty (Class 4) occurred in Greece and in some of the new member states (Romania, Hungary, Bulgaria, Lithuania, Poland, and Latvia). In 2016, the situation of Poland and Hungary improved (from Class 4 to 3), while it deteriorated in Italy (from Class 3 to 4) and Greece dropped to the last place in the ranking.




4.3. Analysis of the Dynamics of Changes: TOPSIS and VMCM


Following a study on the ranking and classification of the EU countries in the context of poverty, the applicability of the TOPSIS and VMCM methods for measuring the dynamics of changes was analyzed. The period 2005–2016 and its two sub-periods, namely 2005–2009 and 2010–2016, were analyzed (as in the previous surveys). 4 EU countries (Bulgaria, Latvia, Lithuania, and Romania) were selected for the survey, i.e., those with the highest differences in the aggregate measure value obtained for the two extreme years (2009 from the first sub-period in question and 2010 from the second sub-period). Figure 5a presents the results of the TOPSIS analysis of poverty dynamics, and Figure 5b presents the results of the VMCM analysis.



As can be seen in Figure 5a, segments of the charts for the years 2005–2009 and beyond 2010–2016 (dotted lines) do not coincide with the charts for the full period 2005–2016 (continuous lines). For example, for Romania (full period 2005–2016), the chart shows a slight increase in the aggregate poverty measure between 2009 and 2010. However, considering two time sections from the entire analysis period, i.e., the periods 2005–2009 and 2010–2016, a clear shift can be seen between the charts regarding these periods (a decrease in the aggregate measure value in 2010 in relation to 2009). Comparing the results for the period 2010–2016 with the results for the period 2005–2016, it should be noted that the chart of the aggregate measure value (2010–2016) is shifted downwards by approximately the same value. Moreover, charts for the years 2005–2009 and 2005–2016 are diverging in their initial phase (most for 2005). The above-mentioned takes place particularly in case of Bulgaria and Romania. In case of Lithuania, the difference is small and in case of Latvia, the two charts are practically the same (the fluctuations in the poverty level are minimal). The differences (shifts) visible in the chart between the full analyzed period (2005–2016) and its sections (2005–2009 and 2010–2016) are consequently of significant importance. Different aggregate measure values (for the same countries) mean that countries can change their position in the ranking and thus be assigned to different classes. Thus, for the first timeframes (2005–2009), changes in the aggregate measure value in relation to the period 2005–2016 had very little impact on the final ranking of the Warsaw Pact countries in terms of poverty levels. Out of 25 EU countries, 6 (representing 24% of the total sample) have changed their ranking position, with the changes in their ranking by one position. For the last analyzed year (2016), 9 countries (36%) changed their ranking by one position, and 3 countries (12%) changed their ranking by two positions.



Figure 5b illustrates the dynamics of poverty levels measured with the use of the VMCM method. The studies were carried out for the same timeframes (2005–2009, 2010-2016 and 2005–2016) as for the TOPSIS method. For the VMCM method, the charts for the period 2005–2009 and for the period 2010–2016 correspond exactly to the chart for the full period 2005–2016.



Comparing the results obtained with the use of the VMCM method with the results of the TOPSIS method, it can be seen that the VMCM method proved to be more sensitive to fluctuations and changes in the value of indicators. For Bulgaria, for example, the VMCM method showed a large decrease in the measure value between 2006 and 2007, while the TOPSIS method showed a small change in the measure value. When analyzing the source data, it can be seen that in these years (2006–2007) some indicators for Bulgaria demonstrated a sharp decrease. In the following year (2008) they were already higher than in 2007 and so the indicator sdg_01_40 increased by about 50%, the indicator sdg_01_50 increased by 40%, while the indicator sdg_01_30 increased by 30% and the indicator sdg_01_10 by 25%



Analyzing the values of the aggregate measure (Figure 5a,b) in the poverty level study (for the whole period 2005–2016), both methods (VMCM and TOPSIS) gave similar results in the ranking. In the context of the study on poverty dynamics, charts show significant differences between the two methods, showing that the VMCM method is more appropriate for studying the dynamics of changes.





5. Discussion


Research has shown that both the TOPSIS and the VMCM methods can be used to study poverty levels. Both methods enable the ranking and classification to be drawn up. However, the obtained results show that the VMCM method is more sensitive to changes in the data values taking into account in the calculations and it is more effective in case of new data which must be taken into account in the calculations (recreating of the matrix). In addition, the VMCM method allows the dynamics of changes to be studied and the TOPSIS method does not offer the possibility of obtaining reliable results in this case. Differences in the two methods are mainly due to the different methodological approaches used for the creation of the matrix. In the TOPSIS method the matrix should be the “best“ object for the whole analyzed period. Modifying this period in any way requires the matrix to be recreated from scratch. It also does not allow the use of actual or non-sample matrices. Figure 6a shows how the aggregate measure is determined by the TOPSIS method and explains its limitations.



In the TOPSIS method each object    X  j     in the multidimensional space is between two objects    v i +    (ideal object, matrix) and object    v i −    (negative ideal, negative matrix). Aggregate measure value Sj is the value given by the formula:


   S j  =    d j −     d j +  +  d j −     , 



(23)




and it may be between 0 and 1. From the above formula and graphic illustration (Figure 6a) it follows that every new object requires a new identification of the ideal object    v i +    and negative ideal object    v i −   . This is due to the risk that such an object may be located outside the limited area    v i +    and    v i −   .



The VMCM method, on the other hand, eliminates the limitations of the TOPSIS method. The measure is not limited either from the bottom or from the top, which allows for better than the matrix objects, allows attachment of non-sample objects without the need of creating a new matrix and is more sensitive to the dynamics of changes (it allows examination of the dynamics). In the VMCM method the location of any object      X ′  →   j         in the multidimensional space (fig 6b) may be at any location in that space (and not as in the TOPSIS method within the area between limitations    v i +    and    v i −   ). The aggregate measure      m a    j         constitutes in this method a vector component      X ′  →   j       −    X ′  →   a w     to a measuring vector      M ′  →   j   =    X ′  →   w   −    X ′  →   a w    . The measuring vector can be any object created based on sample data (with the use of I or III quartiles) or from outside the sample (any real object) and is not required that it needs to be an ideal object. Therefore, it is acceptable to consider objects better than the matrix. Then the aggregate measure value      m a    j         may be bigger than the unit. The aggregate measure values belong to one of the following groups (Figure 6b):      m a    j       > 0   (objects better than the matrix),      m a    j       ∈  〈  0 ; 1  〉    (the most common value, objects better than the negative matrix and worse than the matrix) or      m a    j       < 0   (objects worse than the negative matrix).



When comparing the TOPSIS and VMCM methods regarding the matrix determination, it can be seen (Figure 6) that in the TOPSIS method the object cannot be placed outside the area limited by an ideal and negative ideal object. Taking into account two different timeframes in the study, two different matrices must be created, where in each of them the ideal object and the negative ideal object can have different values. Therefore, in each such case the matrix should be recreated, and this makes it difficult to examine the dynamics of changes.



A proper study on economic phenomena, which, as with poverty, are usually multidimensional in nature, analyzing their dynamics of changes, or classifying analyzed objects (e.g., countries, regions) is of importance not only from the scientific point of view. The empirical and application qualities are also important. Sound empirical research, based on well-chosen methods of analysis, provides not only a good understanding of the nature and complexity of social and economic phenomena, but also of their results, which are typically used to guide policy-makers in their political and social activities [99]. This in turn should, from an economic point of view, lead to an increase in the effectiveness of spending funds on adequate public policies [100].




6. Conclusions


The article presents an original approach to the assessment of sustainable development in the context of analyzing the dynamics of changes in poverty levels (as one of the 17 objectives of the SDGs). The author’s VMCM dedicated to the study of complex economic phenomena described by many factors over time was applied. In contrast to commonly used approaches and techniques for assessing sustainable development (including poverty levels) based on ready-made indices or sets of indicators, a methodological solution is proposed that allows the creation of aggregate measurements with the use of any configuration of indicators. This approach is more universal and offers the possibility of creating aggregated measurements based on selected sets of indicators independently of the analyzed economic issues (e.g., in the areas of poverty, education, economic growth, etc., or sustainable development in general). The measures developed in this way can be freely modified (extended or narrowed down) and sets of diagnostic variables used can be altered. The proposed methodological approach (VMCM) is compared in the article with the TOPSIS (similar methodically) and verified based on actual SDGs (Eurostat) data from the same timeframes (2015–2016). In the context of creating rankings and classifications of EU countries in terms of poverty levels, both methods have proved their worth. However, the VMCM has proved to be more sensitive to changes in data values and more effective in situations where new variables are emerging that need to be included in the analyzes.



The issue of sustainable development analysis, including the level of poverty, requires constant monitoring in time and space. The commonly used indices allow for the analysis of a given phenomenon in a given year, but they do not allow for a direct analysis of its changes over time. Although it is possible to use the values of these indices (from given years) to examine tendencies of changes, they do not thoroughly explain changes in the analyzed phenomena over time, because there is no fixed point of reference in this case, and such a reference should be made to the same base year. The VMCM, using a unique methodical approach to the matrix creation, gives an opportunity to study the dynamics of changes over time. This is because the aggregate measure used in the calculations is not limited in multidimensional space, either from the bottom or from the top, so that objects which may be better than the accepted matrix may occur. The TOPSIS has a considerable limitation in this respect, namely, the location of the tested object must not be outside the area of the multidimensional space analyzed. This limitation means that the TOPSIS should not be used to analyze the dynamics of economic phenomena. As it is presented in the article, it did not prove useful in the analysis of poverty level changes, and thus, it will not prove useful in the examination of sustainable development progress (also regarding its other dimensions and aspects). On the other hand, the VMCM makes it possible to refer to an earlier established reference point (base year). It does not require the recreation of the matrix even if the object analyzed is better than the fixed matrix. This feature of the VMCM makes it ideal for studying economic phenomena which require analysis of their development over time. The presented analyzes of changes in poverty levels are an excellent example of the above-mentioned. Similarly, the VMCM can be used to explore other aspects of sustainable development.



In the light of the economic processes, the focus on the level of sustainable development in individual countries alone is insufficient. Indicators describing countries in terms of sustainable development are characterized by fluctuations over time, which is a result of changes taking place in these countries over the years and resulting from their functioning and development. The next step in the analysis may therefore be to examine time homogeneity, which allows us to see how these changes took place and to demonstrate the uniformity of their occurrence over time, which will make it possible to determine the degree of homogeneity of the country. Changes in the level of social and economic development of countries in time and space from the point of view of homogeneity may have a significant impact on their positions in rankings created according to various criteria. Therefore, the classification of countries according to their homogeneity is becoming an important issue, and its scope of use can be very helpful in the process of managing a given country or a group of countries, i.e., the EU. Measurement tools should therefore be used to take a broader view of the structure of countries. In this respect, among others, methods of studying time and spatial homogeneity may be applied. Therefore, another direction of research may be to adapt an appropriate methodological apparatus which would enable the analysis of time and spatial homogeneity of social and economic objects to the VMCM and the development of a fuzzy version of the VMCM for data expressed in a fuzzy form.
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Figure 1. Measure value depending on the object’s position (a) measuring vector      M ′  →   j    ; (b) aggregate measure      m a    j    . 
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Figure 2. Results of the classification (TOPSIS) of the EU countries in 2006 regarding the poverty level for the reference period covering years: (a) 2005—2016; (b) 2005—2009. 
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Figure 3. Results of the classification (TOPSIS) of the EU countries in 2016 regarding the poverty level for the reference period covering years: (a) 2005–2016; (b) 2010–2016. 
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Figure 4. Results of the classification (VMCM) of the EU countries by poverty level for year: (a) 2006 (matrix for the years 2005-2016 and 2005–2009); (b) 2016 (2005–2016 and 2010–2016). 
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Figure 5. Comparison of results regarding analyzes of the dynamics of poverty changes (aggregate measure values) in years 2005–2016 and 2005–2009, 2010–2016, with the use of methods: (a) TOPSIS; (b) VMCM. 
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Figure 6. Determination of the aggregate measure value for the analyzed object in multidimensional space in relation to the matrix and the negative matrix: (a) TOPSIS; (b) VMCM. 
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Table 1. Comparison of Millennium Development Goals and Sustainable Development Goals–basic information [24,28].
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	MDGs
	SDGs





	They were meant to be an effective method of global mobilization to achieve a set of important social priorities worldwide, but they were mainly addressed to developing countries.
	They are intended to be a universal development plan, adapted to different contexts, suitable for all nations (poor and rich, developed and developing) and organizations (of public, private and third sector) that work together.



	8 isolated objectives with 21 tasks, limited focus on sustainable development.
	17 objectives and 169 related tasks, interdependent and indivisible, ensuring a balance between three aspects of sustainable development: economic, social, and environmental.



	Goals:

	
Eradicate extreme poverty and hunger



	
Achieve universal primary education



	
Promote gender equality and empower women



	
Reduce child mortality



	
Improve maternal health



	
Combat HIV/AIDS, malaria, and other diseases



	
Ensure environmental sustainability



	
Develop a global partnership for development





	Goals:

	
No poverty



	
Zero hunger



	
Good health and well-being



	
Quality education



	
Gender equality



	
Clean water and sanitation



	
Affordable and clean Energy



	
Decent work and economic growth



	
Industry, innovation, and infrastructure



	
Reduced inequalities



	
Sustainable cities and communities



	
Responsible consumption and production



	
Climate action



	
Life below water



	
Life on land



	
Peace, justice, and strong institutions



	
Partnership for the goals








	Coordinated by the UN Secretariat.
	Negotiated by UN member states over a three-year period, in the framework of a broad multi-stakeholder consultation.



	Implementation measures are limited to North-South financial flows; poor reporting, follow-up, and review (assessment).
	Implementation measures include market access, technology transfer, production capacity, development, and policy support; a robust global architecture for monitoring, and review (assessment).
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Table 2. Ranking of EU countries in 2006 (TOPSIS) for two reference timeframes.
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Country

	
Aggregate Measure Value

	
Class

	
Country

	
Aggregate Measure Value

	
Class




	
Matrix 2005—2016

	
Matrix 2005—2009






	
Luxembourg (LU)

	
0.919188

	
1

	
Luxembourg (LU)

	
0.9195312

	
1




	
Finland (FI)

	
0.9087791

	
1

	
Finland (FI)

	
0.909813

	
1




	
Austria (AT)

	
0.9060152

	
1

	
Austria (AT)

	
0.9046456

	
1




	
Malta (MT)

	
0.8941268

	
1

	
Malta (MT)

	
0.8910249

	
1




	
France (FR)

	
0.8919219

	
1

	
France (FR)

	
0.8900952

	
1




	
Ireland (IE)

	
0.8630927

	
1

	
Spain

	
0.8563746

	
1




	
Spain (ES)

	
0.8604633

	
2

	
Ireland (IE)

	
0.852028

	
2




	
Slovenia (SI)

	
0.8343386

	
2

	
Slovenia (SI)

	
0.8348277

	
2




	
Belgium (BE)

	
0.8305824

	
2

	
Belgium (BE)

	
0.8190273

	
2




	
Netherlands (NL)

	
0.8195208

	
2

	
Czech Republic

	
0.8094322

	
2




	
United Kingdom (UK)

	
0.8160691

	
2

	
Netherlands (NL)

	
0.8089658

	
2




	
Czech Republic (CZ)

	
0.8109651

	
2

	
United Kingdom (UK)

	
0.8055587

	
2




	
Germany (DE)

	
0.8011931

	
3

	
Germany (DE)

	
0.7940888

	
3




	
Italy (IT)

	
0.781004

	
3

	
Italy (IT)

	
0.7764396

	
3




	
Slovakia (SK)

	
0.7532666

	
3

	
Slovakia (SK)

	
0.7535074

	
3




	
Cyprus (CY)

	
0.7509063

	
3

	
Cyprus (CY)

	
0.7501683

	
3




	
Portugal (PT)

	
0.7359236

	
3

	
Portugal (PT)

	
0.7367252

	
3




	
Estonia (EE)

	
0.7209004

	
3

	
Estonia (EE)

	
0.7247206

	
3




	
Greece (EL)

	
0.7096923

	
3

	
Greece

	
0.7048103

	
3




	
Hungary (HU)

	
0.69836

	
4

	
Hungary (HU)

	
0.6938693

	
4




	
Poland (PL)

	
0.5827657

	
4

	
Poland (PL)

	
0.5737577

	
4




	
Lithuania (LT)

	
0.5735386

	
4

	
Lithuania (LT)

	
0.5709637

	
4




	
Latvia (LV)

	
0.5119876

	
4

	
Latvia (LV)

	
0.4987653

	
4




	
Romania (RO)

	
0.3730833

	
4

	
Romania (RO)

	
0.3118062

	
4




	
Bulgaria (BG)

	
0.3286086

	
4

	
Bulgaria (BG)

	
0.2772499

	
4
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Table 3. Ranking of EU countries in 2016 (TOPSIS) for two reference timeframes.
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Country

	
Aggregate Measure Value

	
Class

	
Country

	
Aggregate Measure Value

	
Class




	
Matrix 2005–2016

	
Matrix 2010–2016






	
Malta (MT)

	
0.9138941

	
1

	
Malta (MT)

	
0.9147967

	
1




	
Austria (AT)

	
0.8973168

	
1

	
Austria (AT)

	
0.8936852

	
1




	
France (FR)

	
0.8890368

	
1

	
France (FR)

	
0.8922209

	
1




	
Czech Republic (CZ)

	
0.8888729

	
1

	
Finland (FI)

	
0.8867295

	
1




	
Finland (FI)

	
0.8795007

	
1

	
Czech Republic (CZ)

	
0.8838527

	
1




	
Netherlands (NL)

	
0.8754592

	
1

	
Netherlands (NL)

	
0.8742172

	
1




	
Luxembourg (LU)

	
0.8742212

	
2

	
Luxembourg (LU)

	
0.8685915

	
2




	
Slovenia (SI)

	
0.8676948

	
2

	
Slovenia (SI)

	
0.8567746

	
2




	
Germany (DE)

	
0.8443896

	
2

	
United Kingdom (UK)

	
0.838913

	
2




	
United Kingdom (UK)

	
0.8421819

	
2

	
Germany (DE)

	
0.8380422

	
2




	
Slovakia (SK)

	
0.8365326

	
2

	
Belgium (BE)

	
0.8305774

	
2




	
Belgium (BE)

	
0.8306865

	
2

	
Ireland (IE)

	
0.8218881

	
2




	
Ireland (IE)

	
0.8199287

	
3

	
Spain (ES)

	
0.8121488

	
3




	
Spain (ES)

	
0.8160613

	
3

	
Slovakia (SK)

	
0.8063653

	
3




	
Portugal (PT)

	
0.781445

	
3

	
Cyprus (CY)

	
0.7617556

	
3




	
Cyprus (CY)

	
0.7746519

	
3

	
Poland (PL)

	
0.75565

	
3




	
Poland (PL)

	
0.773316

	
3

	
Portugal (PT)

	
0.7528491

	
3




	
Estonia (EE)

	
0.7683546

	
3

	
Hungary (HU)

	
0.7378458

	
3




	
Hungary (HU)

	
0.7636977

	
3

	
Italy (IT)

	
0.7168631

	
3




	
Italy (IT)

	
0.7379307

	
4

	
Estonia (EE)

	
0.7167442

	
4




	
Lithuania (LT)

	
0.7187171

	
4

	
Lithuania (LT)

	
0.6713309

	
4




	
Latvia (LV)

	
0.6974377

	
4

	
Latvia (LV)

	
0.6648696

	
4




	
Bulgaria (BG)

	
0.5872442

	
4

	
Bulgaria (BG)

	
0.5395987

	
4




	
Romania (RO)

	
0.5573889

	
4

	
Greece (EL)

	
0.522515

	
4




	
Greece (EL)

	
0.55532

	
4

	
Romania (RO)

	
0.5019261

	
4
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Table 4. Ranking of EU countries in 2006 and 2016 (VMCM) for two reference timeframes.
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Country

	
Aggregate Measure Value

	
Class

	
Country

	
Aggregate Measure Value

	
Class




	
Year 2006, Matrix 2005—2016 and 2005—2009

	
Year 2016, Matrix 2005—2016 and 2010—2016






	
Finland (FI)

	
4.348407

	
1

	
Finland (FI)

	
4.174976

	
1




	
Luxembourg (LU)

	
4.004848

	
1

	
Czech Republic (CZ)

	
3.801552

	
1




	
Austria (AT)

	
3.853023

	
1

	
Malta (MT)

	
3.691067

	
1




	
Malta (MT)

	
4.023814

	
1

	
Austria (AT)

	
3.485677

	
1




	
France (FR)

	
3.570847

	
1

	
France (FR)

	
3.353817

	
1




	
Slovenia (SI)

	
3.004549

	
2

	
Netherlands (NL)

	
3.015486

	
2




	
Netherlands (NL)

	
2.819745

	
2

	
Slovenia (SI)

	
2.686604

	
2




	
Ireland (IE)

	
2.700868

	
2

	
Slovakia (SK)

	
2.556605

	
2




	
Belgium (BE)

	
2.486702

	
2

	
Luxembourg (LU)

	
2.538398

	
2




	
Spain (ES)

	
2.289893

	
2

	
Ireland (IE)

	
2.238362

	
2




	
Czech Republic (CZ)

	
2.380558

	
2

	
United Kingdom (UK)

	
2.230718

	
2




	
Germany (DE)

	
2.115742

	
3

	
Belgium (BE)

	
2.224804

	
2




	
United Kingdom (UK)

	
1.535527

	
3

	
Estonia (EE)

	
2.113401

	
3




	
Cyprus (CY)

	
2.039538

	
3

	
Germany (DE)

	
2.044179

	
3




	
Portugal (PT)

	
1.517306

	
3

	
Poland (PL)

	
1.798574

	
3




	
Slovakia (SK)

	
1.679037

	
3

	
Cyprus (CY)

	
1.727453

	
3




	
Italy (IT)

	
0.5970357

	
3

	
Spain (ES)

	
1.206837

	
3




	
Estonia (EE)

	
0.6393845

	
3

	
Hungary (HU)

	
1.03574

	
3




	
Romania (RO)

	
0

	
4

	
Portugal (PT)

	
0.9027341

	
3




	
Greece (EL)

	
−0.7634719

	
4

	
Italy (IT)

	
0.1622312

	
4




	
Hungary (HU)

	
−0.5104298

	
4

	
Lithuania (LT)

	
0.1179027

	
4




	
Bulgaria (BG)

	
−5.386681

	
4

	
Latvia (LV)

	
−0.1751512

	
4




	
Lithuania (LT)

	
−1.53016

	
4

	
Romania (RO)

	
−1.840548

	
4




	
Poland (PL)

	
−2.807585

	
4

	
Bulgaria (BG)

	
−2.100671

	
4




	
Latvia (LV)

	
−3.304577

	
4

	
Greece (EL)

	
−3.146309

	
4
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