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Abstract

:

Nowadays, sustainability is an omnipresent concept in our society, which encompasses several challenges related to poverty, inequality, climate change and so on. The United Nations adopted the Agenda 2030, a plan of action formed of universal Sustainable Developments Goals (SDGs) and targets, which countries have to face in order to shift the world toward a sustainable future. One of the most relevant SDGs since the onset of the financial crisis in 2007 has been the so-called reduced inequalities, which consists of dealing with the inequality of opportunities and wealth between and within countries. However, reducing inequalities depends on many heterogeneous aspects, making it difficult to make a proper analysis that evaluates the European Union (EU) countries performance of this goal. In this study, we introduce a novel approach to evaluate the inequalities in EU countries based on a sorting a multi-criteria decision-making method called AHPSort II. This approach allows to obtain a classification of the EU countries according to their achievements in reducing inequalities to subsequently carry out a deep performance analysis with the aim of drawing conclusions as to the evolution of inequality in them along the years. The results are consistent with the main international organizations’ reports and academic literature, as shown in the Discussion Section.
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1. Introduction


In 2015,the United Nations adopted Agenda 2030 [1], “a plan of action for people, planet and prosperity”, to reach a better and more sustainable future for all through the achievement of 17 Sustainable Development Goals (SDGs) and 169 associated targets. The European Union (EU) started, at the end of 2016, a strategic approach that contains, as the most relevant actions, the integration of the SDGs into all current European policies. Furthermore, the EU intends to emphasize this strategy from 2020 onwards. While the EU stressed the need for intersectoral and multilateral coordination among member countries, the European Commission undertook to provide regular reports on the progress or setbacks related to the implementation of Agenda 2030. The involvement of the EU to achieve the SDGs seems obvious, bearing in mind that “the EU has a strong starting position and track record, with a high level of economic development, social cohesion, democratic societies and a commitment to sustainable development, which is firmly anchored in the European Treaties” [2]. In fact, in 2001, it introduced a first sustainable development initiative that has been maintained and updated to the Europe 2020 Strategy, based on education and innovation (smart), reducing carbon dioxide emissions and combating climate change (sustainable) and with the capacity to create employment and reduce poverty (inclusive).



In particular, the 10th SDG (reduce inequality within and among countries) is an important goal to be studied, since it has key linkages with other goals, such as no poverty (1st), good health and well-being (3rd), quality education (4th), gender equality (5th), decent work and economic growth (8th) and others. Furthermore, it is at the heart of the social and territorial cohesion policies, which are among the main objectives of the functioning of the EU [3]. The origins of inequality and its consequences are now under intense academic and social debate which addresses either the nature of the capitalism [4] or the origins of its crisis [5,6]. For these reasons, it is interesting to know how inequality evolves in Europe in order to understand its performance, avoid its expansion and propose adequate measures preventing economic and social disorders in a region so committed against inequality as the EU is.



The European Commission, in spite of the EU member states complying largely with the SDGs (all are in the top 50 and at the forefront in objectives such as ending poverty), acknowledges that there are notable differences between and within countries in the achievement of 10th SDG. However, 22.5% of the EU population is at risk of poverty or social exclusion and 6.9% of Europeans suffer severe material deprivation. Similarly, it is stated that although 2017 was the first year in which inequality declined since the onset of the financial crisis in 2007, “income inequalities remain too large, with a continued concentration of wealth at the top. This has multiple social consequences, leading to differences in well-being and quality of life” [7]. Then, the inequality analysis and its reduction are at the center of current European motivations since novel challenges such as globalization and technological evolution are affecting and will affect European society in the medium term, according to the context marked by the different accumulation processes of income generated by work and capital today [8].



Taking into account the above premises, it is clear that reducing inequalities (10th SDG Agenda 2030) is a universal principle that all governments should implement in their policies and particularly, the EU has pushed their members to improve this specific SDG by the adoption and implementation of different policies. However, reducing inequality within and among countries is a complex goal that depends on different aspects. For this reason, it has been addressed from different perspectives and methods such as including additive functions about incomes [9,10], applying income distributions to analytical constructs [11,12], developing new inequality measures [13], DEA multi-criteria decision making (MCDM) approach [14] and using disposable data from a wide range of sources [8]. Notwithstanding, this contribution introduces a novel approach to measure the evolution of inequalities of EU countries keeping a similar view to [14] in which a MCDM view is used with the aim of sorting, into prior defined categories, the EU members and then show whether the goals set by the EU are being met by them. This proposal is based on a multi-criteria decision analysis, which deals with the process of taking decisions among a decision maker who evaluate different alternatives on several criteria [15]. Classically, most of MCDM approaches have been formulated for choice and ranking problems in which it is obtained the best alternative for the decision problem or a ranking of them [16,17,18,19,20]. Nevertheless, this contribution focuses on MCDM sorting problems, in which the alternatives are classified into several categories previously defined.



Therefore, this paper aims to evaluate the evolution of inequalities within and between different EU members since 2005 up to 2017. To achieve such goal, we define a MCDM sorting problem, in which the alternatives are represented by EU countries and evaluated by an expert according to six targets/criteria set by Agenda 2030 related to the 10th SDG. Data related to these targets for the different EU members states are periodically published by EU (https://ec.europa.eu/eurostat/web/sdi/main-tables). Finally, the countries are classified into four different classes, according to their full, moderate, poor and null performance regarding their inequality achievements. To carry out the classification of the countries, we use an Analytic Hierarchy Process (AHP) [21] approach for sorting MCDM problems so-called AHPSort II [22].




2. Materials and Methods


2.1. Materials


This section introduces the materials used in this contribution composed by a questionnaire to obtain the expert’s opinion about the 10th SDG regarding the EU countries and FLINTSTONES, a decision support system that implements AHPSort II and allows to carry out automatically all the computation related to this sorting method.



2.1.1. Questionnaire


The empirical data used in this study consists of a questionnaire response from a social policy expert familiar with Agenda 2030 and its SDGs. The questionnaire contains three sections:




	
Problem description: definition of the MCDM problem, the targets/criteria according to the definition provided by Agenda 2030 and the classes in which the countries are classified.



	
Profiles definition: the expert defines, according to AHPSort II methodology (see Section 2.2), several limiting profiles that represent the minimal value for each criterion to belong a specific class.



	
Pairwise comparisons: the expert does pairwise comparisons [23] among the different elements of the MCDM problem. The questions were answered using a 9-point Likert-type scale (e.g., 1 = equal, 3 = moderate, 5 = preferred, 7 = very preferred, 9 = extreme preferred).








The expert provides his knowledge in the questionnaire through pairwise comparisons. However, they have to know all the information related to the achievements reached by the countries regarding the SDGs in order to do proper comparisons. The EU makes available to everyone a database (https://ec.europa.eu/eurostat/data/database) that allows consulting data of different EU countries in multiple themes such as general and regional statistics, economy and finance or industry, trade and services. Additionally, this database includes a specific theme, so called Sustainable Developments Indicators, which includes information related to the SDGs defined in Agenda 2030 for each EU country. For our study, we have consulted the data related to the Goal 10, Reduced inequalities in order to measure and analyze the inequalities in EU countries. Obviously, the socio-economic characteristics of each country are different and draw conclusions about inequality for a specific country by comparing with the rest of them might lead to wrong interpretations. Nevertheless, with the provided information, in which all the data are normalized, we can measure inequality of a specific EU country taking into account its social and economic peculiarities and, by using the method introduced in Section 2.2.1, provide a classification that shows which countries are not meeting the targets set by Agenda 2030 in terms of inequality.




2.1.2. FLINTSTONES


FLINTSTONES (Fuzzy LINguisTic DeciSion TOols eNhacemEnt Suite) [24,25] is a decision software tool able to solve MCDM problems under different decision contexts. FLINTSTONES was developed under the Eclipse Rich Client Platform (RCP) focuses on the development of rich desktop application easy to maintain and extend. Such characteristics are related to its components based architecture, which consists of the implementation of small pieces of software so-called plug-ins connected each other and that compose the software application.



Initially, FLINTSTONES was developed to solve linguistic decision making problems under uncertainty by using the 2-tuple linguistic model and its extensions [26] in order to support the solution of those problems defined in linguistic and complex frameworks [24]. However, there are a large number of MCDM models that initially do not work with linguistic information and, since the main objective of FLINTSTONES is to provide assistance to researchers in solving MCDM problems of any kind and under any circumstances, an improved version of it was proposed [25]. This new version includes a new feature that allows to solve automatically sorting MCDM problems by using different sorting methods such as the AHPSort and its improved version AHPSort II.



Therefore, we use FLINTSTONES to introduce the information obtained from the expert through the questionnaire and it provides us automatically and in a precise way the classification of the EU countries by using the AHPSort II approach.





2.2. Methods


This section revises briefly the AHPSort sorting method. Additionally, the different steps of the proposed approach for the evaluation of EU countries regarding the 10th SDG are described.



2.2.1. AHPSort


It is an adaptation of the AHP method [21] for sorting MCDM problems. The AHPSort [16] aims at sorting alternatives into classes that are ordered from most to least preferred. AHPSort consists of three phases composed by eight different steps [16]:




	(A)

	
Phase 1: Problem definition



	
It is defined the goal, the criteria    c j  , j = 1 , … , m   and alternatives    a k  , k = 1 , … , l   of the problem.



	
It is defined the classes    C i  , i = 1 , … , n   that are ordered and can have a linguistic descriptor.



	
Eventually, it is defined the profiles of each class,   C i  , by means of either limiting profiles   l  p  i j    , minimum performance needed by each   c j   to belong to a class   C i  , or with local central profiles   c  p  i j    , typical example of an element belonging to the class   C i   on   c j  , (see Figure 1).







	(B)

	
Phase 2: Evaluations



	4.

	
To compute priority for importance of each criterion   c j   obtaining their weights   w j   by using eigenvalue method of the AHP [27].


  A · p = λ · p  



(1)




where A is the comparison matrix, p is the priorities/weight vector and  λ  is the maximal eigenvalue.




	5.

	
To compare in a pairwise comparison matrix an alternative   a k   with each limiting profile   l  p  i j     or central profile   c  p  i j     for each criterion   c j  .




	6.

	
From the comparison matrices, derive the local priority   p  k j    for the alternative   a k   and the local priority   p  i j    of the limiting or central profiles   l  p  i j    ,   c  p  i j     with the eigenvalue method Equation (1).








	(C)

	
Phase 3: Assignment to classes



	7.

	
To compute global priorities   p k  ,   l  p i    and   c  p i    for alternative   a k  , limiting and central profiles respectively by aggregating local priorities.


   p k  =  ∑  j = 1  m   p  k j   ·  w j   



(2)






  l  p i   o r  c  p i  =  ∑  j = 1  m   p  i j   ·  w j   



(3)








	8.

	
The assignment of an alternative   a k   to a class   C i   is accomplished by the comparison   p k   with   l  p i    or   c  p i    (see Figure 1).




	9.

	
Repeat process (5) to (8) for each alternative to be classified.













In [22] the AHPSort approach was updated to AHPSort II by modifying previous algorithm from step (4) onwards:




	5.

	
For each criterion   c j  , select a small number of RPs    s  o j   , o = 1 , … , r   well distributed on the scale of each criterion.




	6.

	
Compare in a pairwise comparison matrix the RPs and the limiting or central profiles. From the comparison matrices, derive the local priority   p  o j    for the RPs and the local priority   p  i j    of the limiting or central profiles with the eigenvalue method in Equation (1).




	7.

	
If the alternatives   a k   belong to the interval of two consecutive RPs   s  o j    and   s  o j + 1   , the local priority   p  k j    can be derived as:


   p  k j   =  p  o j   +     p  o + 1 j   −  p  o j      s  o + 1 j   −  s  o j      ·  (  g j   (  a k  )  −  s  o j   )   



(4)




where:



	
  s  o j    and   s  o + 1 j    are two consecutive RPs on criterion   c j  .



	
  p  o j    and   p  o + 1 j    are the local priorities of the two consecutive RPs.



	
   g j   (  a k  )    is the score of the alternative   a k   on criterion   c j  .



	
  p  k j    is the local priority of   a k  .







	8.

	
To aggregate the weighted local priorities, obtaining a global priority   p k   for alternative   a k   Equation (2) and a global priority   l  p i    or   c  p i    for the limiting or central profiles Equation (3).




	9.

	
Repeat steps (5) to (9) for each alternative to be classified.









Figure 2 depicts 10 RPs on the horizontal axis and their calculated local priorities on the vertical axis. Then, a piecewise linear priority function is drawn by connecting these points. For instance, if the value of the alternative to be evaluated is 85, the local priority can be graphically found by reading the created graph.




2.2.2. MCDM Sorting Approach for Analyzing Inequality


This research introduces an approach based on sorting MCDM to analyze inequality in EU countries. The proposed approach consists of the following steps (see Figure 3):



	
Definition of the problem: a sorting MCDM problem is defined, in which one expert evaluates, in terms of inequality, 26 alternatives represented by EU countries (the countries of Croatia and Malta have not been analyzed as not all data are available for the selected criteria and years) over 6 criteria represented by targets fixed in Agenda 2030. Such criteria/targets are briefly described below:




	–

	
Purchasing power adjusted GDP per capita (  c 1  ): value of the total output of goods and services produced by an economy, less intermediate consumption, plus net taxes on products and imports.




	–

	
Adjusted gross disposable income of households per capita (  c 2  ): purchasing power of households and their ability to invest in goods and services or save for the future, by accounting for taxes and social contributions and monetary in-kind social benefits.




	–

	
Relative median at-risk-of-poverty gap (  c 3  ): distance between the median equivalised total net income of persons below the at-risk-of-poverty threshold and the at-risk-of-poverty threshold itself, expressed as a percentage of the at-risk-of-poverty threshold.




	–

	
Income distribution (  c 4  ): measures the inequality of income distribution, calculated as the ratio of total income received by the 20% of the population with the highest income to that received by the 20% of the population with the lowest income.




	–

	
Income share of the bottom 40% of the population (  c 5  ): measures the income share received by the bottom 40% of the population.




	–

	
People at risk of income poverty after social transfers (  c 6  ): people with an equivalised disposable income below the risk-of-poverty threshold, which is set at 60% of the national median equivalised disposable income (after social transfers).









The countries can be classified into 4 different categories delimited by limiting profiles according to their Full, Moderate, Poor or Null performance in reducing inequalities goal. Such a classification is obtained for the years 2005, 2008, 2011, 2014 and 2017 in order to analyze the evolution of the countries along the years.



	
Fill in questionnaire: the expert fills in the questionnaire according to his knowledge and the data of the EU countries obtained from the database previously mentioned. Due to AHPSort II is used to obtain the classification of the EU countries, the expert is required to provide the values of the limiting profiles (see Table 1) for each criterion, the pairwise comparisons between criteria to obtain the criteria importance and the comparisons between representative points (RPs) and profiles to derive the local priorities. Regarding the RPs, we manually created six RPs that were equally spread within the range of each criterion, with the first RP (  R  P 1   ) being always equal to the first value and the last one (  R  P 6   ) being always equal to the max value of each criterion. Obviously, the data regarding the countries are different for each year, thus, the RPs are defined for each year (see Table 2).



	
Countries classification: the elements of the MCDM problem and the assessments provided by the expert are introduced in FLINTSTONES. Afterwards, FLINTSTONES carries out all the steps and computations regarding the AHPSort II method (see Section 2.2.1) and obtains the classification of the countries.



	
Analysis of the results: once the classification of the countries has been obtained for each year, it is possible to carry out a deep analysis of the results.









3. Results


This section shows the evaluation process to classify the EU countries by means of the approach introduced in Section 2.2.2 and a further detailed analysis of the results.



3.1. Evaluation Process


Starting from the assessments provided by the expert through the questionnaire, the relevant computations regarding AHPSort II and obtained by FLINTSTONES are:




	
Criteria priority importance: according to AHPSort’s 4th step, the criteria weights are derived from the pairwise comparison matrix between criteria (see Table 3) provided by the expert by using Equation (1).

Remark 1.

Note that, according to Saaty experiments [28], if the consistency ratio is less than 0.1%, then the matrix is of an acceptable consistency.







	
Local priorities: by applying Equation (1) to the pairwise comparison matrices between limiting profiles and RPs, the local priorities for both elements are derived. Then, the local priority functions for each criterion are built in order to derive the local priority for each alternative by means of Equation (4). For the sake of clarity and taking into account that the process is exactly the same for all the years, Figure 4 shows the local priority functions for each criterion and Table 4 and Table 5 the local priorities of the limiting profiles   p  i j    and alternatives   p  k j    for the year 2005, other years priorities are similarly computed but for reasons of clarity and avoid digression, we just show year 2005.



	
Global priorities: the local priorities are aggregated to obtain the global priorities for the profiles   p i   and alternatives   p k   by Equation (3) and Equation (2) respectively (see Table 4 and Table 5).



	
Classify countries: finally, the countries are classified by comparing the global priorities of alternatives and profiles. To show this process, for instance we are going to classify Spain into a its corresponding class. The global priority for such a country is equal to 0.053, which is compared with the global priorities of the limiting profiles, 0.032, 0.066 and 0.152. Due to we are using limiting profiles, to classify the country in the class   C i  , its global priority must be greater than   l  p i    and lower than   l  p  i + 1    . In this case, 0.032 < 0.053 < 0.066 thus, Spain is classified into the category Poor. The rest of classifications for each year are represented in Table 6 and Table 7 in Section 3.2.









3.2. Analysis of the Results


The starting point of this analysis is the year 2005 (see Figure 5), in full phase of economic expansion. The countries that achieve the objective of reducing inequalities, according to the AHPSort II method, are shown in blue color. They are concentrated in northern and central Europe: the Nordic countries, Netherlands, France, Belgium, Germany and Austria, which have important social protection systems with a long tradition. Similarly, some of the countries that have recently joined the European Union such as Czech R., Slovakia, Hungary and Slovenia, which have benefited from their inclusion in the global production chains of large German industrial companies since the beginning of the century [29,30,31], favoring the increasing complexity of their economies.



In the European periphery, the south: Spain, Italy and Greece together with the United Kingdom and Estonia present a poor reduction of inequalities. The South has great internal territorial inequalities, especially serious in the case of Italy. Noted that the liberal policies applied in the previous decade in United Kingdom have favored inequality in the expansive phase, as has also happened in Spain. Portugal and Poland, along with the Baltic republics and Romania, are the cases where the achievement of the objective of reducing inequalities is less advanced. The processes of low growth together with an inadequate institutional structure for the Portuguese case [32], or a slow transformation towards a market economy for the Eastern European countries, justify this scarce advance, which evidences a concentration of growth in social groups that capture a greater part of the benefits that are distributed in the European project [33].



With the exception of Ireland, Cyprus and Bulgaria, which are moderate in terms of the reduction of inequalities, we can undertake the analysis of the results from this starting situation with three large groups of countries: those that reach the objective, those that have a poor attainment and those that fail in the reduction of inequalities.



The period of expansion of the world economy ends in 2007, when the international financial crisis becomes apparent. The situation of the reduction of inequalities in Europe at that time is shown in Figure 6.



The financial crisis is hitting the European economy harshly, especially the great industrial powers of France and Germany, which are reducing their achievements on an equal footing, as well as Austria. However, the countries of the East, such as Poland and Lithuania, improve their position because of the income distribution effect that European funds are beginning to exert. On the contrary, Bulgaria, with the recent integration into the EU, worsens its performance about reducing inequalities by increasing its exposure to the market economy.



On the other hand, Portugal and Ireland are making slight progresses (see Table 6) in their fight against inequality. As a consequence of the effects that the economic recession has in these countries on the distribution of the income of capital owners in the case of Ireland [34] and the improvement of the living conditions of lower-income workers because of economic expansion in Portugal [35].



Crisis effects are more visible from 2008 on. Figure 7 shows the situation in Europe in the hardest moment of the financial crisis, when countries were most concerned about their consequences on the very common currency project. However, despite the negative impacts on GDP in 2010, causing recession in all the countries in Europe and expanding it on Portugal and Spain till 2011 [36], the categories for reducing inequality remain stable in 2011. This result suggests that inequality is not linked with growth in the short-term.



Inequality increases sharply in Europe between 2011 and 2014 due to the implementation of restrictive policies because of the idea that South countries should be more austere, committing themselves for reducing public budgets disequilibrium. However, the consequences of the austerity policies had a great impact in public employment, employment active policies and social services, producing harmful consequences on inequality across Europe [37,38,39] (see Figure 8).



In the recovery phase, 2014–2017 the general situation in Europe does not change (see Figure 9). Inequality has even increased in Lithuania, Austria and United Kingdom, while has been reduced in Greece, Poland and Estonia, the rest of the countries keep their level of achieving the goal. If we compare the final situation in 2017 with the initial in 2005, the progress in order to reach the SDG 10th goal is negative. Peripheries do not have achieved the goal at all or have had a poor progression, but the core of Europe, that achieved fully the goal in 2005, now presents a moderate path. Then, results (see Table 7) show a regression for Europe in reaching reduced inequalities within and among countries.



The most successful countries in achieving 10th SDG during this period are Belgium, The Netherlands, Czech R., Slovenia, Slovakia, Denmark, and Finland. Poland is the country with a better progression in pursuing the goal. Is there something in common within these countries? Could we extract some policy recommendations for the less successful countries and Europe as a whole? These questions will be answered in discussion section.




3.3. Sensitive Analysis


This research presents a sorting MCDM approach whose results depend on the criteria weights. Therefore, a variation of such weights may affect to the results. Usually, a sensitive analysis is carried out in order to identify the possible changes in the ranking order of the alternatives when the criteria importance is modified. However, in our sorting approach, it is not so important the changes of the ranking as the changes in the countries classification, since one specific country may vary its position in the ranking but not its classification. For this reason, this section introduces a sensitive analysis in which we identify the minimum change needed in the weight of each criterion to make modifications in the ranking and we analyze if such new values provoke changes in the countries classification. The minimal changes applied to the weight of each criterion that provoke exchanges in the ranking and the resulting new weights for the rest of the criteria in the year 2005 are represented in Table 8.



Remark 2.

Note that, if   w j   and   w j *   are the original weight and the new weight obtained from the minimal change for the criterion   c j   respectively, the inferred weight   w k *   for the criterion   c k   is computed as    ( 1 −  w j *  / 1 −  w j  )  ∗  w k   .





The minimal changes obtained for each criterion are computed by FLINTSTONES by following the most critical criterion approach [40], which consists of modifying the current weight of a specific criterion and identifying the minimal modification of the value of such weight that provokes a change of position in the ranking of the alternatives. Therefore, to identify the minimal change, FLINTSTONES fixes a specific weight value for the analyzed criterion (from 0.001 to 1 in increments of 0.001) and computes the weights of the rest of the criteria (see Remark 2). With the new weights, FLINTSTONES derives the global priorities of the alternatives and profiles according to the AHPSort II method’s steps and obtains the new ranking and classification. To clarify this process, Figure 10 shows the minimal change derived from the criterion   c 4  . The X-axis in the plot represents the new weight for the analyzed criterion and the Y-axis the global priority of the alternatives regarding such weight. When the lines intersect means that there is a exchange of position among the alternatives for that weight. In Figure 10 we can appreciate that the minimal change in   c 4   happens between the alternatives Slovenia and Finland when its weight is equal to 0.43, as it is shown in Table 8. The minimal changes of the rest of the criteria are derived in a similar way.



Remark 3.

Note that, for the sake of clarity, Figure 10 shows only the alternatives related to the minimal change for the criterion   c 4  , but FLINTSTONES derives the global priorities for each new value of its weight for all the alternatives.





From the minimal changes, we carry out again the classification process by using FLINTSTONES and AHPSort II in order to check if countries classification is different with the new weights. Table 9 shows the ranking and classification of the countries in the year 2005 obtained by using the new criteria weights and we can appreciate that, despite the fact that there are changes in the ranking of the countries in terms of overall ranking and even between criteria, their classification remains the same.



Remark 4.

Similar results are obtained for the years 2008, 2011, 2014 and 2017, thus they are omitted here.







4. Discussion


The most performer countries regarding to inequalities have in common some structural characteristics in their economies and institutional systems. On the one hand, all of them have a very complex economic system connected with global value chains. This framework brings about a high level of employment, high levels of women participation in the labor market and low levels of unemployment. On the other hand, their institutional system is complex and focused in permitting equal opportunities. Some of them have a very deep welfare state, which is the case of Belgium, Finland or Denmark, with a high level of protection for unemployed and people at risk of exclusion. Homogeneous societies could be a main characteristic, given the reduced size of the countries achieving the goal.



On the other side, there are countries less connected with global economy, such as Bulgaria or Romania, and the South of Europe, with a less complex production system than the North, and a not enough developed social protection system, which has provoked an intense impact of the financial crisis in the poorest. In cases such as Italy, for instance, the inequality is not due to an increase in the income of richest but a reduction in the income of poorest [41].



Hence, we could remark two dynamics conditioning the path towards reaching the 10th SDG. The first one is in the microeconomic area: globalization process, technological change and institutional transformations in labor market affecting work flexibilization and bargaining [42,43,44,45]. The second one is macroeconomic: the push fullness of liberal ideas over social-democrat ones in Europe [4] have brought about a reduction in fiscal progressive policies, giving rise to an increasing process of inequality in a medium and long term [12].



Nowadays, inequality is not reduced only for the sake of growth, as the inverted U model proposed by [46]. The economic structures of the current world have changed dramatically since then. Income inequality within a country is the result of mechanisms involving labor markets, and multinational companies exert an important influence on wage disparities, due to their territorial strategies to make the most of globalization processes [47]. In this line, microeconomics and macroeconomics effects reinforce each other their influence on raising inequalities, since the capacity for unions to bargain has been reduced because of the dynamics of international outsourcing and offshoring.



The effects of globalization are tougher when regional and national economies are simpler. Ref. [48] demonstrate that countries exporting more complex products tend to have lower levels of income inequality than countries exporting simple products. The microeconomics sphere matters in order to prevent inequality to rise.



However, technological change is conditioning the traditional trade-off between labor and capital in favor of the second. More importantly, in the coming years artificial intelligence could alter the structure of basic occupations, which will be an important challenge to face in order of achieving the 10th SDG.



In sum, three dynamics could be identified in the labor market contributing to inequality:




	
Precariousness in the access of youths to labor market [43].



	
Reduced bargaining power of unions [45].



	
Outsourcing of more intense labor tasks [42] and, as a consequence, the emergence of false freelances [44].








In the macroeconomics sphere is important to bear in mind the effects of elites in the design of economic policies. [33] aim that some social groups push for defining policy priorities in their favor. These commitments give rise to fiscal structures seeking capture rents at expense of general interest [49,50,51].



In Europe, national institutional frameworks are very different. This could be an explanation of persisting inequalities in the long term throughout Europe [52]. As a matter of fact, besides having a strong welfare state consisting in opportunities to find good jobs and the access to good public education and health systems, three social innovation dynamics could be identified for the inequality reduction, which have been more clearly implemented in countries better achieving the goal:




	
Dynamics of sharing value between external firms and local societies [53], consisting in developing strategic local linkages for multinational companies to better compete in global value chains, instead of extracting local natural resources and using low value added human resources.



	
Some countries with a good structure of social economy, helping small entrepreneurs to reach an international capacity to compete in a global market, are in the group with full performance [54].



	
A strategic participation of workers in the decision process of big companies, which opens empowering capacities for employees to obtain better rewards for their work [55].








The institutional disparity has contributed to reduce the offsetting effects of national policies in presence of increasing inequalities process, especially in the South of Europe, whose countries have seen how austerity policies prevented compensate the social impacts of financial crisis [47]. Tendencies were worst because in Central European countries, in addition to a wider welfare state and the behavior of automatic stabilizers, there was a most reduced private indebtedness, all of which contributed to increase inequality among countries.



The most important problem derived from inequality is its capacity to pass on through generations, linked to the inequality of opportunities. Inclusive institutions should be developed in order to break this tendency, but political agendas, economic interests and regressive laws limit social mobility [56]. In fact, there is a strong influence of social and family networks in the scope of education and equality of opportunities, determining social mobility processes and their consequences on inequality [47].



Inequality is a consequence of microeconomic and macroeconomic processes, but it is also an origin of problems [57], such as polarization of societies, putting at risk social cohesion and security, and territorial disparities, since metropolitan regions record on average higher levels of standard of living than other regions [58,59].



Nevertheless, a certain level of inequality could incentive economic development, such as the cases of countries achieving 10th SDG in Europe. They are not equal societies at all, but they are far from countries with null or poor performance in reducing inequalities. The idea that European policy makers should take into account is that increasing inequality above moderate levels may cut aggregate demand and thereby European economic growth, making a vicious circle of rising inequality and slower growth [60].




5. Conclusions


The consequences of a concentration of income have been demonstrated on long-term growth [61], and the role of institutions and technical change [62,63]. Therefore, it seems logical the importance of measuring the evolution of inequalities in EU countries and evaluating the achievements reached by them according to Agenda 2030. This contribution presents a new approach to achieve such aim, in which the MCDM method AHPSort II is used to classify the EU countries into different categories according to their fulfillment of 10th SDG. The classification has been carried out in different time intervals, 2005, 2008, 2011, 2014 and 2017 and it has allowed obtaining very interesting conclusions.



The EU is concerned about inequality, which is gaining momentum in the policy debate, but there is much effort to do it for achieving 10th SDG in the coming years [64]. Social transfers are important to reduce inequality, protecting the most vulnerable and fostering economies to recover from crisis. Nevertheless, the first important idea to bear in mind is that the only relevant policy for fighting against inequality is not the redistributive one. It is necessary to act in the microeconomic sphere, since inequality has microeconomic origins too. Labor markets, innovation, education and social integration are important fields to implement new policies in order to reduce inequalities in Europe.



Labor markets policies making effective bargaining processes between workers and companies, facilitating rewarding salaries and conditions, such as minimum wages guaranteeing the standard of living in each country. Besides, social benefits in order to conciliate family and work spheres are in the core of improving microeconomic policies for reducing inequalities [65].



Innovation policies should be in the center of a seemingly new generation of industrial policies in a new context of world competition, where countries are incorporating general discontent for globalization consequences on inequalities. For Europe, a wider place-based strategy for reducing inequality and territorial disparities should be generally implemented [66], following the model of Germany and United Kingdom in Europe, but also Japan and USA, who have been pursuing competitive industrial policies for decades [67].



Education policies are key tools in the long term. State investments in education may alter the supply of skilled workers changing the wage schemes in the labor market. The experience has demonstrated that countries having spent more on education tend to have not only better skilled worker but higher educational mobility as well. Actually, social mobility is one of the elements Europe needs to reduce inequality in a medium term, and education policies and mechanisms to facilitate the transitions from schools to work are fundamental pieces for reducing the risk of increasing inequalities in Europe [68].



Austerity policies have led southern countries in Europe to a race to the bottom, which has widened social and territorial inequalities within and among countries. In order to achieve the 10th SDG a change in the policy mixed is needed to include social integration objectives. However, progressive fiscal policies face opposition of social elites who struggle for keeping their advantages for them and for their off-springs. Macroeconomic policies in tax designs should be applied to revert the inequality process in countries with a poor or null performance.



In sum, on the one hand, microeconomics actions should be attended. Developing companies’ networks, regional innovation systems, sectorial institutions and improving the level of social and economic structures are important. All this elements push territorial development processes in Europe and they are important pillars to fight against inequalities [69]. Furthermore, the latter contribute to extend the opportunities for choosing occupations and improving skills, preventing increasing inequalities from now on.



On the other hand, the future demands policy actions in the macroeconomics sphere. In the coming years a great expansion of national budgets are going to be needed in order to attend the ageing process of European society. The needs must be matched but it is responsibility of Europe to do it in a more integrated society or in a more unequal one. Social innovation policies must be implemented with the coordination of different tiers of government if Europe wants to consolidate 10th SDG. Guaranteeing equal opportunities in the access to education, health and social protection systems is compulsory for European societies. And it is important not only for the sake of reducing inequalities but also for the sake of growth processes, since they could be burdened due to the loss of potential human resources in fostering social and technical innovation in the future Europe.
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Figure 1. Sorting with limiting and central profiles. 
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Figure 2. Computing the local priority for alternative   a k   by Equation (4). 
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Figure 3. Resolution scheme. 
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Figure 4. Local priority functions in 2005. 






Figure 4. Local priority functions in 2005.
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Figure 5. Classification EU countries in 2005. 
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Figure 6. Classification EU countries in 2008. 
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Figure 7. Classification EU countries in 2011. 






Figure 7. Classification EU countries in 2011.
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Figure 8. Classification EU countries in 2014. 






Figure 8. Classification EU countries in 2014.
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Figure 9. Classification EU countries in 2017. 






Figure 9. Classification EU countries in 2017.
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Figure 10. Minimal change for the criterion   c 4  . 
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Table 1. Limiting profiles.
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	Criteria
	    l p  1   
	    l p  2   
	    l p  3   





	   c 1   
	27,000
	22,500
	15,000



	   c 2   
	19,967
	16,639
	11,093



	   c 3   
	12.06
	18.08
	21.69



	   c 4   
	4.1
	4.6
	5.7



	   c 5   
	18.99
	15.83
	10.55



	   c 6   
	13.3
	15.9
	20.2
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Table 2. Reference points per year.






Table 2. Reference points per year.





	
Year

	
Criteria

	
    P R  1   

	
    P R  2   

	
    P R  3   

	
    P R  4   

	
    P R  5   

	
    P R  6   




	
2005

	
   c 1   

	
8300

	
18,220

	
28,140

	
38,060

	
47,980

	
57,900




	
   c 2   

	
5863

	
10,516

	
15,169

	
19,822

	
24,475

	
29,128




	
   c 3   

	
13.8

	
17.3

	
20.8

	
24.3

	
27.8

	
31.3




	
   c 4   

	
3.3

	
4.12

	
4.94

	
5.76

	
6.58

	
7.4




	
   c 5   

	
17.9

	
19.48

	
21.06

	
22.64

	
24.22

	
25.8




	
   c 6   

	
9.5

	
12.04

	
14.58

	
17.12

	
19.66

	
22.2




	
2008

	
   c 1   

	
11,100

	
22,560

	
34,020

	
45,480

	
56,940

	
68,400




	
   c 2   

	
7626

	
12,317

	
17,008

	
21,699

	
26,390

	
31,081




	
   c 3   

	
14.5

	
18.06

	
21.62

	
25.18

	
28.74

	
32.3




	
   c 4   

	
3.4

	
4.18

	
4.96

	
5.74

	
6.52

	
7.3




	
   c 5   

	
16.9

	
18.56

	
20.22

	
21.88

	
23.54

	
25.2




	
   c 6   

	
9.0

	
12.38

	
15.76

	
19.14

	
22.52

	
25.9




	
2011

	
   c 1   

	
11,800

	
23,300

	
34,800

	
46,300

	
57,800

	
69,300




	
   c 2   

	
8678

	
12,897.8

	
17,117.6

	
21,337.4

	
25,557.2

	
29,777




	
   c 3   

	
13.5

	
17.14

	
20.78

	
24.42

	
28.06

	
31.7




	
   c 4   

	
3.5

	
4.1

	
4.7

	
5.3

	
5.9

	
6.5




	
   c 5   

	
18.4

	
19.66

	
20.92

	
22.18

	
23.44

	
24.7




	
   c 6   

	
9.8

	
12.3

	
14.8

	
17.3

	
19.8

	
22.3




	
2014

	
   c 1   

	
5000

	
19,180

	
33,360

	
47,540

	
61,720

	
75,900




	
   c 2   

	
5863

	
11,227

	
16,591

	
21,955

	
27,319

	
32,681




	
   c 3   

	
13.5

	
18.66

	
23.82

	
28.98

	
34.14

	
39.3




	
   c 4   

	
3.1

	
4.38

	
5.66

	
6.94

	
8.22

	
9.5




	
   c 5   

	
15.1

	
17.24

	
19.38

	
21.52

	
23.66

	
25.8




	
   c 6   

	
7.9

	
11.68

	
15.46

	
19.24

	
23.02

	
26.8




	
2017

	
   c 1   

	
14,800

	
27,020

	
39,240

	
51,460

	
63,680

	
75,900




	
   c 2   

	
10,875

	
15,236.2

	
19,597.4

	
23,958.6

	
28,319.8

	
32,681




	
   c 3   

	
13.7

	
17.86

	
22.02

	
26.18

	
30.34

	
34.5




	
   c 4   

	
3.4

	
4.36

	
5.32

	
6.28

	
7.24

	
8.2




	
   c 5   

	
16.5

	
18.2

	
19.9

	
21.6

	
23.3

	
25.0




	
   c 6   

	
9.1

	
12.0

	
14.9

	
17.8

	
20.7

	
23.6
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Table 3. Criteria pairwise comparison matrix.
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	    c 1    
	    c 2    
	    c 3    
	    c 4    
	    c 5    
	    c 6    
	Weight





	   c 1   
	1
	7
	1/2
	1/7
	1/5
	1/2
	0.067



	   c 2   
	1/7
	1
	1/7
	1/9
	1/9
	1/8
	0.021



	   c 3   
	2
	7
	1
	1/6
	1/3
	1
	0.101



	   c 4   
	7
	9
	6
	1
	2
	7
	0.458



	   c 5   
	5
	9
	3
	1/2
	1
	3
	0.251



	   c 6   
	2
	8
	1
	1/7
	1/3
	1
	0.102







Inconsistency ratio = 0.06.
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Table 4. Local and global limiting profiles priorities in 2005.
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	    c 1    
	    c 2    
	    c 3    
	    c 4    
	    c 5    
	    c 6    
	Global Priority





	   l  p 1    
	0.001
	0.009
	0.42
	0.176
	0.008
	0.103
	0.152



	   l  p 2    
	0.08
	0.036
	0.08
	0.088
	0.023
	0.103
	0.066



	   l  p 3    
	0.018
	0.073
	0.05
	0.044
	0.067
	0.041
	0.032
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Table 5. Local and global alternatives priorities in 2005.
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	Country
	    c 1    
	    c 2    
	    c 3    
	    c 4    
	    c 5    
	    c 6    
	Global Priority



	Sweden
	0.058
	0.057
	0.091
	0.351
	0.267
	0.339
	0.277



	Denmark
	0.058
	0.047
	0.178
	0.307
	0.267
	0.201
	0.251



	Slovenia
	0.006
	0.023
	0.069
	0.329
	0.267
	0.176
	0.243



	Finland
	0.024
	0.047
	0.231
	0.285
	0.257
	0.207
	0.242



	Czech R.
	0.004
	0.015
	0.079
	0.263
	0.266
	0.285
	0.225



	Luxembourg
	0.562
	0.442
	0.074
	0.219
	0.206
	0.103
	0.217



	Austria
	0.063
	0.225
	0.201
	0.241
	0.232
	0.149
	0.213



	Germany
	0.034
	0.195
	0.071
	0.241
	0.257
	0.176
	0.207



	Netherlands
	0.075
	0.141
	0.05
	0.197
	0.206
	0.267
	0.183



	Slovakia
	0.001
	0.004
	0.033
	0.219
	0.232
	0.103
	0.173



	France
	0.015
	0.110
	0.151
	0.197
	0.164
	0.123
	0.163



	Hungary
	0.001
	0.009
	0.077
	0.197
	0.181
	0.103
	0.154



	Belgium
	0.055
	0.098
	0.097
	0.197
	0.147
	0.103
	0.153



	Cyprus
	0.01
	0.045
	0.066
	0.143
	0.134
	0.096
	0.117



	Bulgaria
	0
	0.002
	0.010
	0.029
	0.267
	0.054
	0.087



	Ireland
	0.088
	0.069
	0.057
	0.084
	0.106
	0.041
	0.082



	Italy
	0.014
	0.073
	0.028
	0.05
	0.089
	0.045
	0.055



	Spain
	0.1
	0.047
	0.02
	0.055
	0.08
	0.041
	0.053



	United Kingdom
	0.037
	0.128
	0.045
	0.041
	0.067
	0.047
	0.05



	Greece
	0.007
	0.041
	0.029
	0.043
	0.072
	0.041
	0.046



	Estonia
	0.001
	0.003
	0.028
	0.041
	0,067
	0.054
	0.044



	Poland
	0.001
	0.003
	0.007
	0.025
	0.052
	0.038
	0.029



	Latvia
	0.001
	0.003
	0.012
	0.023
	0.046
	0.043
	0.028



	Portugal
	0.005
	0.029
	0.018
	0.017
	0.033
	0.043
	0.023



	Lithuania
	0.001
	0.004
	0.010
	0.019
	0.036
	0.038
	0.023



	Romania
	0
	0.002
	0.005
	0.01
	0.046
	0.02
	0.018
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Table 6. Ranking of EU countries regarding reducing inequalities achievements in 2005 and 2008.






Table 6. Ranking of EU countries regarding reducing inequalities achievements in 2005 and 2008.





	
Ranking 2005

	
Ranking 2008






	
1. Sweden

	
14. Cyprus

	
1. Czech R.

	
14. Ireland




	
2. Denmark

	
15. Bulgaria

	
2. Slovakia

	
15. Germany




	
3. Slovenia

	
16. Ireland

	
3. Slovenia

	
16. Estonia




	
4. Finland

	
17. Italy

	
4. Denmark

	
17. Poland




	
5. Czech R.

	
18. Spain

	
5. Hungary

	
18. Italy




	
6. Luxembourg

	
19. United Kingdom

	
6. Sweden

	
19. United Kingdom




	
7. Austria

	
20. Greece

	
7. Finland

	
20. Spain




	
8. Germany

	
21. Estonia

	
8. Netherlands

	
21. Greece




	
9. Netherlands

	
22. Poland

	
9. Luxembourg

	
22. Portugal




	
10. Slovakia

	
23. Latvia

	
10. Belgium

	
23. Lithuania




	
11. France

	
24. Portugal

	
11. France

	
24. Bulgaria




	
12. Hungary

	
25. Lithuania

	
12. Austria

	
25. Romania




	
13. Belgium

	
26. Romania

	
13. Cyprus

	
26. Latvia











[image: Table] 





Table 7. Ranking of EU countries regarding reducing inequalities achievements in 2011, 2014 and 2017.






Table 7. Ranking of EU countries regarding reducing inequalities achievements in 2011, 2014 and 2017.





	
Ranking 2011

	
Ranking 2014

	
Ranking 2017






	
1. Czech R.

	
14. Germany

	
1. Czech R.

	
14. United Kingdom

	
1. Czech R.

	
14. Cyprus




	
2. Slovenia

	
15. Ireland

	
2. Finland

	
15. Germany

	
2. Finland

	
15. Poland




	
3. Finland

	
16. Poland

	
3. Netherlands

	
16. Poland

	
3. Slovenia

	
16. Luxembourg




	
4. Netherlands

	
17. United Kingdom

	
4. Slovenia

	
17. Cyprus

	
4. Slovakia

	
17. United Kingdom




	
5. Slovakia

	
18. Estonia

	
5. Belgium

	
18. Italy

	
5. Belgium

	
18. Estonia




	
6. Hungary

	
19. Italy

	
6. Slovakia

	
19. Lithuania

	
6. Netherlands

	
19. Portugal




	
7. Belgium

	
20. Portugal

	
7. Denmark

	
20. Portugal

	
7. Denmark

	
20. Italy




	
8. Luxembourg

	
21. Lithuania

	
8. Austria

	
21. Estonia

	
8. Hungary

	
21. Greece




	
9. Denmark

	
22. Greece

	
9. France

	
22. Latvia

	
9. France

	
22. Latvia




	
10. Sweden

	
23. Spain

	
10. Luxembourg

	
23. Greece

	
10. Austria

	
23. Spain




	
11. Austria

	
24. Romania

	
11. Sweden

	
24. Spain

	
11. Sweden

	
24. Romania




	
12. Cyprus

	
25. Latvia

	
12. Hungary

	
25. Bulgaria

	
12. Germany

	
25. Lithuania




	
13. France

	
26. Bulgaria

	
13. Ireland

	
26. Romania

	
13. Ireland

	
26. Bulgaria
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Table 8. Minimal changes in criteria weights for modifying ranking and new weights in 2005.
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	Minimal Change
	Weights





	   c 1   
	+0.023
	(0.09, 0.021, 0.098, 0.446, 0.245, 0.1)



	   c 2   
	+0.019
	(0.066, 0.04, 0.099, 0.449, 0.246, 0.1)



	   c 3   
	+0.009
	(0.067, 0.021, 0.11, 0.453, 0.248, 0.101)



	   c 4   
	−0.028
	(0.071, 0.022, 0.106, 0.43, 0.264, 0.107)



	   c 5   
	−0.031
	(0.07, 0.022, 0.105, 0.477, 0.22, 0.106)



	   c 6   
	−0.042
	(0.071, 0.022, 0.105, 0.479, 0.263, 0.06)
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Table 9. Ranking of EU countries regarding reducing inequalities achievements in 2005 according to the new criteria weights.






Table 9. Ranking of EU countries regarding reducing inequalities achievements in 2005 according to the new criteria weights.





	    c 1    
	    c 2    
	    c 3    
	    c 4    
	    c 5    
	    c 6    
	Overall





	1. Sweden
	1. Sweden
	1. Sweden
	1. Sweden
	1. Sweden
	1. Sweden
	1. Sweden



	2. Denmark
	2. Denmark
	2. Denmark
	2. Denmark
	2. Denmark
	2. Denmark
	2. Denmark



	3. Slovenia
	3. Slovenia
	3. Finland
	3. Finland
	3. Slovenia
	3. Slovenia
	3. Slovenia



	4. Finland
	4. Finland
	4. Slovenia
	4. Slovenia
	4. Finland
	4. Finland
	4. Finland



	5. Luxembourg
	5. Luxembourg
	5. Czech R.
	5. Czech R.
	5. Czech R.
	5. Luxembourg
	5. Czech R.



	6. Czech R.
	6. Czech R.
	6. Luxembourg
	6. Luxembourg
	6. Luxembourg
	6. Czech R.
	6. Luxembourg



	7. Austria
	7. Austria
	7. Austria
	7. Austria
	7. Austria
	7. Austria
	7. Austria



	8. Germany
	8. Germany
	8. Germany
	8. Germany
	8. Germany
	8. Germany
	8. Germany



	9. Netherlands
	9. Netherlands
	9. Netherlands
	9. Netherlands
	9. Netherlands
	9. Netherlands
	9. Netherlands



	10. Slovakia
	10. Slovakia
	10. Slovakia
	10. Slovakia
	10. Slovakia
	10. Slovakia
	10. Slovakia



	11. France
	11. France
	11. France
	11. France
	11. France
	11. France
	11. France



	12. Belgium
	12. Belgium
	12. Belgium
	12. Hungary
	12. Belgium
	12. Hungary
	13. Hungary



	13. Hungary
	13. Hungary
	13. Hungary
	13. Belgium
	13. Hungary
	13. Belgium
	13. Belgium



	14. Cyprus
	14. Cyprus
	14. Cyprus
	14. Cyprus
	14. Cyprus
	14. Cyprus
	14. Cyprus



	15. Bulgaria
	15. Bulgaria
	15. Bulgaria
	15. Bulgaria
	15. Ireland
	15. Bulgaria
	15. Bulgaria



	16. Ireland
	16. Ireland
	16. Ireland
	16. Ireland
	16. Bulgaria
	16. Ireland
	16. Ireland



	17. Italy
	17. Italy
	17. Italy
	17. Italy
	17. Italy
	17. Italy
	17. Italy



	18. Spain
	18. Spain
	18. Spain
	18. Spain
	18. Spain
	18. Spain
	18. Spain



	19. United Kingdom
	19. United Kingdom
	19. United Kingdom
	19. United Kingdom
	19. United Kingdom
	19. United Kingdom
	19. United Kingdom



	20. Greece
	20. Greece
	20. Greece
	20. Greece
	20. Greece
	20. Greece
	20. Greece



	21. Estonia
	21. Estonia
	21. Estonia
	21. Estonia
	21. Estonia
	21. Estonia
	21. Estonia



	22. Poland
	22. Poland
	22. Poland
	22. Poland
	22. Poland
	22. Poland
	22. Poland



	23. Latvia
	23. Latvia
	23. Latvia
	23. Latvia
	23. Latvia
	23. Latvia
	23. Latvia



	24. Portugal
	24. Portugal
	24. Portugal
	24. Portugal
	24. Portugal
	24. Portugal
	24. Portugal



	25. Lithuania
	25. Lithuania
	25. Lithuania
	25. Lithuania
	25. Lithuania
	25. Lithuania
	25. Lithuania



	26. Romania
	26. Romania
	26. Romania
	26. Romania
	26. Romania
	26. Romania
	26. Romania
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