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Abstract
The article deals with the analysis of income inequalities in the population of the EU Member States. However, this basic view is related to the methodological aspect for assessing the level of income inequality in these countries. The most general approaches and indicators are used for analysis (their relevance for analysis is not called into question). However, the article rather focuses on their appropriate grasp. For a more comprehensive analysis, the article used an analogy with a similar approach, which is used for assessing so-called convergence between the surveyed countries. The original concept of economic convergence is often extended to other areas. Therefore, it has been proposed to extend the standardization of the ranking of countries according to their inequality. The aim of this approach is to make easier the search for examples the good practices that EU Member States have already applied over the years to reduce the level of income inequality.
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1 Introduction
The fundamental problem that economics solves is the issue of efficiency. To make this concept easier, the economists have developed the 3E concept (economy, effectiveness, efficiency). However, there is a widespread concept that, besides three basic economic concepts, still follows equity (see e.g. [3]). It is thanks to this element that we can leave a rating based on net performance and add it to the social point of view. However, this does not mean that the issue of equity is not directly related to the basic performance model. This article focuses primarily on the counterpart – i.e. the inequalities that will be related to the income of the population. So we will follow the basic redistribution problem, but it also has a strong relation to the issue of efficiency. The fundamental question of trying to achieve greater equity in the distribution of incomes in society can be linked to the assessment of how income distribution evolves over time. Whether we can see differences in income distribution between developed and less advanced economies where a higher inequality is generally expected (e.g. [2]). It is also a question of the appropriate setting of the tax-spending system, especially when it is necessary to consolidate public budgets (e.g. [6]). Dauderstädt and Keltek [9] mention the significant potential impact of the inequalities created on the European Union by the single market. Income inequality affects the purchasing power of the population.

The need to address inequalities is also underlined by the OECD institutions (see e.g. [15]), which perceive inequalities as a negative element because the mentioned inequalities not only reduce social confidence of institutions but also act as incentives for political and social instability. It can be the creating social barriers among groups or reducing social cohesion. It may also be an increase in the perception of injustice that arises from the unfair advantage of some individuals. Alternatively, the implications of a reduction in the willingness to share public goods can be mentioned, resulting in an overall reduction in social cohesion in society.

There are reasons for monitoring income inequality. The downstream issues are the question of measuring inequalities and finding ways to alleviate income inequality. The article aims to assess the level of inequalities across EU Member States and on the basis of the assessment of the results, to identify examples of good practice for tackling income inequalities.
Social policy issues are categorized among shared policies in terms of the division of competences between the EU and the Member States. Thus, the EU is in the Treaty on the Functioning of the EU (see Head X) as an institution which supports and supplements the actions of the Member States. On this basis, it seeks to promote the harmonization of social systems while respecting their diversity at Member State level. In the historical context, the wider attention is paid to social issues in the 1957 EEC Treaty (see Article 117). And although the need to address social issues arises, particularly in the context of the creation of a common market, the Single European Act (1987) leaves the concept of social policy to member states and only mentions the need to address social inequalities and take steps to improve the social situation in the EU. From the current point of view, it is necessary to mention, in particular, the Europe 2020 strategy, in which the attention is paid to social issues within the framework of so-called smart, sustainable and inclusive growth. At the same time, integration is understood as supporting the economy with high employment while preserving economic, social and territorial cohesion. In terms of social policy, efforts are made to reduce poverty and to increase the level of labor integration.

2 Material and Methods for evaluation the income inequalities
The article focuses on comparing income inequalities in the EU Member States. The data for this comparison results from the Eurostat database. Specifically, the data that Eurostat receives through standardized EU-SILC (European Union Statistics on Living Conditions) measurement. This survey is standardized in all Member States, including other associated countries. The unified methodology thus enables to compare the economic and social conditions of households in individual countries (for more detailed see [8]). Conversely, data was not obtained from other databases because the other methodology used to collect it could distort the analysis outputs. Dauderstädt a Keltek [9] state that Eurostat data is obtained as a population weighted by national averages in relation to this database. This implicitly assumes that the poorest household group is essentially the sum of the poor in the respective quantile of all Member States while neglecting different levels of national income. 
Assessment options include a range of approaches ranging from simple to fairly complex ones. Barr [4] states, for example, the goal is to create the indicator that evaluates the variance in income in a given population through one variable. The ideal is to set a value between zero and one, with zero being the most commonly reserved for the same income. Conversely, the result one is then related to situations of absolute distribution (the individual earns the income of the whole society). The evaluation itself is often based on two aspects:

· establishing a unit of equality or inequality of an individual, family or household,

· determining, which quantity the inequality will relate to (e.g. income, wealth, abilities, etc.).

The choice of the variant varies with the purpose of the analysis. The simplest approaches are based on the frequency distribution, which is determined on the basis of the amount of individual earnings within each level of the assessed incomes. From a mathematical point of view, we get a continuous function or a histogram. The advantage of using a continuous function is its simplicity and easy interpretation. Barr [4] draws attention to the fact that the simple interpretation applies especially to middle-income groups. On the contrary, the ability to report falls in the case of both extreme groups (the poorest or the richest), where distortion may occur.

The graphical apparatus for assessing inequalities is the Lorenz curve, which was explicitly designed to illustrate inequalities. The curve consists of points representing the cumulative share of income beneficiaries in the total number of beneficiaries and their share of total income. Absolute equality in the breakdown of incomes is expressed in the Lorenz curve with a curve with a 45 ° slope. The resulting income inequalities cause that the curve to moves away from this diagonal. And the distance between the straight-line distribution of income and the actual distribution represents the respective income inequality.

Atkinson [2] reminds that Lorenz's curve can help to compare two situations, for example, the distribution of incomes before and after taxation, when it can be concluded that the other of the curves is closer to the diagonal. Difficulties in comparison, however, occur if one of the curves compared crosses the second curve. In this case, it cannot be clearly stated which distribution of income is associated with a higher degree of inequalities. Thus, if a generalized conclusion cannot be drawn on the distribution of incomes among the population, the comparison of individual income groups is offered as a starting point (e.g. [4]).

However, if we want to compare more curves, small differences may not be apparent (see [13]). Therefore, for the comparison of individual curves, it is not possible to take advantage of the graphical apparatus. For this reason, Schutz [17] points out that the analysis should not focus on the curve, but rather it is the slope rating of the curve at each point. In this case, we can compare the curve directions that are the tangents of the curve at the relevant points. This gives us a more accurate picture of inequalities than can be deduced from the Lorenz curve itself. The curve directive at a given point can be obtained by the first derivative of the respective function. However, when using statistical data directly, it is more appropriate to use the form of:
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where: PDS – the percentage of incomes received by the S group,

PPDS – the percentage of recipients (i. e. group S).
When setting the appropriate values, the result can be interpreted in relation to the value one, which represents the value of the line on the main diagonal. The more the value deviates from one, the greater inequalities at that point we can reach. Calculated values for selected function points can be represented by the histogram of slopes (see Figure 1). On the x axis the percentage of recipients divided by individual decals is recorded. The y axis already shows the appropriate value of the directive. In the histogram of Figure 1, it is also clear that the D10-D40 recipients represent the poorest sections of the population. For comparisons, the value of the area under the curve of the even distribution of income, which also corresponds to the area above this curve, can be used. The richest part of the population obtains the loss of the poorest part of population. However, the number of population groups that can be classified as poor and the number of the richest population may differ.

Lapáček [13] reminds that the content of the histogram area can be calculated as:
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where: m – the number of groups for which the tangent line of the Lorenz curve is less than 1.
By measuring the income inequalities, the histogram area may be below 1, or the sum of the area contents above and below the x axis may be used (the same applies to the quality of the two areas). For detailed evaluations, you can also evaluate the areas of individual columns in each subgroup.

As another indicator, the so-called Income Quintile Share Ratio (S80S20) (used e. g. in OECD analyzes (see e.g. [15], [16]) is used for this indicator, which basically indicates the ratio of the income of 20% of people with the highest balanced income in society (we measure 5th quintile) to the volume of straight lines attributable to the 20% of the poorest households (i.e. 1st quintile. The value of the coefficient is in the range of values from one to infinitely. The increasing coefficient refers to income growth of the richest people, the more the value closes one, the more the income in the company will be flattened, the value 1 then refers to the absolute equality in the distribution of income in society.

The outputs of the calculated inequality coefficients (in particular, if output is one value expressing the state of inequalities in a given economy, it can be represented in graphical form, which will allow us to compare the situation in individual states (see, for example, frequent outputs published in OECD publications - [15], [16]). The advantage of this approach is then the ease clarity or the possibility of creating a country's "ranking" according to the value of the indicator for the year under review. Year-on-year, a certain country's shift can be traced to this ranking, with ordinary information added directly to the value of the indicator. This makes it possible the individual countries to rank better.

The following chapter will use the above procedures to analyze the situation within EU Member States. The above outlined procedures will be used to analyze data from the Eurostat database. In terms of time series, the data will be examined in the 2005 to 2017 series. The start of the reference period can be combined with the largest EU enlargement so far (the fifth enlargement since the beginning of the Community). This way, the largest number of countries can be tracked in a long-time series. The analysis will gradually expand (as has been the case for further enlargements over the years) about Bulgaria, Romania and Croatia. The analysis will therefore respect the later accession of those countries.

3 Analysis of inequalities within the EU member states

The basis for assessing inequalities among the Member States is the graphical representation of the Lorenz curve. The development was monitored on the time series of 2005 (i.e. after the enlargement to Central and Eastern Europe) to the present (i.e. 2017). The aim was to capture the average change in income inequalities during the reference period. However, the low rate of change in income inequalities has made the changes in graphic expression hardly visible. For this reason, the histogram of slopes of tangents for Lorenz curves.

Thus, the population was divided into individual income groups according to the deciles (D1 to D10). The time span of 2005 to 2017 was also maintained. Only in view of the development of the macroeconomic situation was the situation observed in 2009 (see the global financial and economic crisis). This graph is shown in Figure 1
Figure 1: The histogram of slopes of tangents for Lorenz curves
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Source: Own calculation according to Eurostat.
We can see relatively small changes in Lorenz curves in Figure 1. These changes represent changes in the average level of inequalities within the EU Member States, can already be seen. Appropriate changes between the years under review are difficult to assess due to the low increments/decreases of displayed values. According to the basic rule, which says that with increasing deviation from one grows inequality at that point. And it is precisely this tendency that has been realized on average in the EU. We can say that the crisis in 2009 did not have a significant impact in terms of income inequality. If we calculate the area of the slopes now for the specific EU countries, we will find more fundamental changes in the inequalities concerning only a limited number of countries. Alternatively, in ordinal expression, the order of the surveyed countries changes.
Table 1. Evaluation of inequalities according to area size from the histogram – selected countries
	Country
	2005
	2009
	2017

	
	Value
	Order
	Value
	Order
	Value
	Order

	Sweden
	0,162
	1
	0,18
	6
	0,193
	9

	Denmark
	0,163
	2
	0,178
	5
	0,188
	6

	Slovenia
	0,166
	3
	0,158
	1
	0,165
	2

	Slovakia
	0,18
	4
	0,173
	3
	0,157
	1

	Finland
	0,181
	5
	0,18
	7
	0,178
	4

	Germany
	0,181
	6
	0,202
	12
	0,203
	14

	Czech Republic
	0,182
	7
	0,174
	4
	0,172
	3

	Austria
	0,182
	8
	0,19
	10
	0,193
	8

	Netherlands
	0,184
	9
	0,187
	9
	0,188
	7

	Luxembourg
	0,186
	10
	0,203
	13
	0,22
	19

	Hungary
	0,19
	11
	0,172
	2
	0,196
	10

	France
	0,194
	12
	0,207
	16
	0,201
	11

	Belgium
	0,194
	13
	0,182
	8
	0,182
	5


Source: Authors
An overview of selected countries in Table 1 outlines the basic changes in income inequalities in selected EU countries. Here, the countries are arranged according to the size of the inequalities resulting from the size of the area that would be appropriate if the histogram was designed for each country in the respective years. For easier assessment, the ranking of the country in the relevant year is also given (the range includes all 28 EU Member States). The development between 2005 and 2017 shows that the size of inequalities is not dependent on the country’s maturity. In many economically strong countries, inequalities have deepened over time (see, for example, the situation of Sweden, Luxembourg, Germany) or have decreased (see Belgium). Thus, we cannot immediately link the issue of inequalities to economic performance.
To complement the analysis of further evaluation through indicators, the benchmark is based on the Income Quintile Share Ratio (S80S20).
Figure 2: Increase and reduce inequalities between EU countries according to the S80S20 indicator
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Source: Own calculation according to Eurostat.
The above analysis has now been expanded by another indicator. Its advantage is the use of one value to express the rate of inequality. However, Figure 2 shows an increase or decrease in the inequality gap between the endpoints of the period under review. Similarly to the existence of inequalities in the incomes of the population, dynamic changes can also be observed in these inequalities. Thus expressed changes in inequalities can help to find, for example, good practice in reducing inequalities. E. g. Poland and Romania experienced the largest decline in income inequalities. However, from the point of view of the overall view of the level of inequalities in these countries, a simplified assessment cannot be made because both countries showed high inequalities between population groups at the beginning of the period under review

In the introduction of the article, the link to public policies, in particular public finance, was mentioned. Continuity could be reflected, for example, through the impact of taxation or learning the amount of social security contributions on the one hand and the payment of social support, unemployment benefits and other social policy spending activities. First of all, the relationship between the above mentioned public finance measures and the development of income inequalities was examined. Thus, the Eurostat database included data for:
· public expenditure on social protection, expressed as a percentage of GDP,

· public expenditure on family and child benefits as a percentage of GDP;

· public unemployment benefits expressed as a percentage of GDP;

· taxes on individual or household income expressed in relation to GDP,

· total receipts from taxes and social contributions expressed in relation to GDP.

As a method of statistical analysis, a correlation was chosen which would demonstrate the degree of tightness of the dependence between the growth of the relevant public expenditure indicator between 2006 and 2016 and the rate of growth of inequalities in selected years. However, the correlation analysis carried out did not prove the reluctance between the above indicators and the increase or decrease in income inequality in society. This raises the question of whether to look for good practice examples within countries and their public policies. However, the above data selections are examined from a single point of view. For this reason, the following chapter outlines a possible procedure for assessing individual countries and their income inequalities.
4 Enhancement of income inequality analysis

The above-mentioned assessment of inequality developments in publications is often based on country-to-country comparisons based on average gains or disparities in income inequalities among the population groups of the respective state. E.g. OECD analytical analyzes use a graphical representation based on the organization of countries according to the level of the relevant indicator, according to the amount of its change in a certain period. However, the question remains whether the use of "one dimension" of income inequalities is sufficient for, the evaluation of a successful one. E. g. the amount of decrease in the value of the relevant indicator over a certain period of time depends on the initial level of this indicator. For this reason, other options were sought to express the development of the income inequality situation. For this situation, the analogy method was used, where a similar "problem" solves the theory of convergence. This theory deals with the reduction of differences between two or more quantities over time. Authors [14] draw attention to the original concept of convergence (1980s and 1990s), which was derived only for the area of economic growth. 

However, convergence as an indicator can be perceived in several forms: beta-convergence or sigma-convergence (see e.g. [1], [5]) or delta-convergence (see e.g. [7]).

In our case, we will use the beta-convergence approach, which evaluates not only the growth process in the relevant indicator but also refers to the initial value of the relevant indicator. Typically, it is recommended to perform the logarithm of the above values, thereby eliminating the asymmetric distribution and, as a rule, by approaching outlying values. From these variables, the geometric mean is determined according to the formula:
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where: 
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 - the average growth factor of the variable per unit of the time period under review

y – a variable,

n – count of periods.

Part of the analysis is the construction of a graph where the x axis includes the values of log y0 and the y axis corresponds to the values log 
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. This concept will also be used to measure income inequalities. As a source of data, the above-mentioned indicator of income inequality has already served as a source of data. It was mainly used for its property meeting the above-mentioned requirement to express the inequality gap in the given territory through one value of the relevant indicator. For these countries and for the period under review, the necessary magnitude was calculated - the average change over the reference period, which supplemented the information on the initial value of the indicator. For Bulgaria, Romania and Croatia, the indicator was designed for EU membership. The results can be graphically represented by the graph in Figure 3.

Figure 3: Point graph for S80S20 for the period 2005 to 2017
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Source: Authors
The value of the EU-average indicator helped us to divide the scoreboard into four quadrants. It can be said that the ideal values for the inequality area would be in the third quadrant. This means that the low level of initial inequalities is still accompanied by a gradual reduction of these inequalities (see, for example, Czech Republic, Slovakia, Belgium, and Finland). It is precisely this segment that we could use for international analysis and the search for "good practice" in finding ways to eliminate inequalities. On the contrary, the "most problematic" in this case is the first quadrant. The countries captured here not only reach high rates of income inequality, but also over time these equalities are deepening (see the countries of Bulgaria, Lithuania, Spain, Italy, and Greece).

In spite of its clarity and a more detailed understanding of the problem of the expression of income inequalities and their dynamics over time, this procedure also suffers from some distortions. The trend is expressed here by the initial and final state of the evaluated indicator. It is based on the fact that the individual year-on-year increases (decreases) are eliminated during the period under review and thus remain the main trend. It is precisely the potential fluctuations within the indicator within a given period to be crucial for the interpretation of development and appropriate measures to manage inequalities.

5 Conclusion

The aim of the article was to demonstrate various methods for determining the level of income inequalities on the example of EU Member States. The basic standard methods used for detecting inequalities can provide us a basic overview of the state or development of inequalities in individual countries. Especially the histogram of Lorenz curve guidelines and the income inequality indicator. In addition to the standard assessment of the development of inequalities across EU countries, the article also focused on the relationship among the development inequalities the EU Member States following the major enlargement to Central and Eastern Europe and indicators that reflect the trend in revenue and expenditure policies of public finances. However, carrying out a basic correlation analysis has not shown close dependence in these areas.
Another direction of work has already deviated from the traditional evaluation of inequalities. In particular, the beta-convergence approach was used. Compared to traditional methods for assessing income inequalities, we have thus been able to segment individual Member States in more detail. This more detailed classification could thus better serve to seek good practice in the approaches used by the state within the framework of public finances.
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