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Abstract. The aim is a criticism of generally accepted methods of graphical and numerical 

representation of inequality based on real, i.e. incomplete and distorted data, and a search for 

alternatives to generally accepted methods. 

Problems with the presentation of inequality are caused by the specific incompleteness of data on 

incomes. 

According to Rosstat, the total income of Russians in 2015 was 53.101 trillion rubles, and 

according to the Federal Tax Service (FTS) - only 22.053 trillion rubles. More recent data cannot 

be given, since at the moment the last published FTS “Report on the declaration of income by 

individuals” dates back to 2015. 

 The principal difference between the Rosstat data and the FTS data is that the Rosstat estimates 

anonymous incomes without binding them to the individuals of specific recipients. The FTS, by 

virtue of the need to fulfill fiscal duties, determines incomes with reference to specific recipients, 

from which the FTS collects taxes. 

Therefore, it is very easy to hide real income, since hidden data on income is one and a half 

times more than opened. 

The tools for concealing incomes are well known - a formal withdrawal abroad of a business 

located de facto in Russia. However, such tools are available only to big business, so, the 

information about incomes of only rich cohorts is hidden. 

So the data on incomes are characterized by significant incompleteness. Moreover, this 

incompleteness is specific - as higher an income, as less information about them. Two important 

requirements for methods of inequality representation follow from this lack of data. 

1. No data source can be considered trustworthy. Only the coincidence of data on the distribution 

of the population by income from several independent sources can give us the right to consider 

the information we have reliable. Since this kind of data is quantized in publication, the methods 

of representing inequality must be insensitive to quantization. This is nesses to compare the data 

obtained from different sources. 

2. Methods of presenting inequality must be unconditionally sensitive to the width of the income 

range for any arbitrarily small filling of rich cohorts. 

Such methods are developed in this work. 

 

Introduction. The question of the real distribution of people by income level or the economic 

structure of society (ESS) is important because, having adequate data on the distribution of 



people by income, the researcher can draw conclusions not distorted by any ideological blinders 

about the real mechanism of movement of goods between people and the real reason wealth and 

poverty. 

The relevance of this work is due to the need to develop methods for presenting inequality in 

conditions of the absence of some information (most often about the incomes of wealthy 

members of society), since complete data on the distribution of the population by income are not 

available and it is not possible to obtain them. 

According to Rosstat, the total income of Russians in 2015 amounted to 53.101 trillion RUB. [1], 

and according to the Federal Tax Service (FTS) it is only 22.053 trillion RUB [2]. The difference 

between Rosstat data and the Federal Tax Service data is that Rosstat estimates anonymous 

income without linking it to the personalities of specific recipients [3], while the Federal Tax 

Service determines the revenue with reference to specific recipients, from which the Federal Tax 

Service levies taxes. 

From a comparison of the two numbers, it follows that it is very easy to hide incomes, since 

hidden incomes are one and a half times more than undisguised ones. 

Tools to conceal income are not a secret - in the context of globalization, a formal withdrawal 

abroad of a business located de facto in Russia is not difficult: for example, a site offering 

similar services [4]. But such tools are available only to large businesses, that is, information 

only about the income of rich cohorts is hidden. 

So, the data on income inequality at our disposal are characterized by significant incompleteness, 

and the incompleteness is rather specific - the higher the incomes, the less information about 

them. From here two important requirements to methods of representation of an inequality 

follow. 

No source of data can be considered credible, and only the coincidence of data on the 

distribution of the population by income from several independent sources will allow us to 

consider the available information reliable. Since this kind of data is published quantized, 

divided into cohorts, the studied indices describing the inequality must be insensitive to 

quantization and computable for any quantization - otherwise it will not be possible to compare 

data obtained from various sources. 

The incomes of certain rich and even the richest citizens of the country are known, published by 

Forbes [5] and the Federal Tax Service [6], but these data are insufficient for a complete 

description of the existing ESS in Russia, since the number of rich people, who concealed their 

income and were not presented in sight “Forbes” and the Federal Tax Service, is unknown. In 

this situation, we have to admit that we have access to information about the width of the income 

range (determined by the income of the richest person in the country), but nothing more. There is 

no reliable data on the content of rich cohorts; there is only data on how far to the right on the 

income scale rich cohorts are located. Therefore, the methods of representing inequality that we 

propose must be unconditionally sensitive to the width of the income range for any arbitrarily 

small filling of rich cohorts. 

 



1. Polygons of relative distribution frequencies and the impossibility of comparing data 

from several sources 

The polygon of distribution of relative frequencies of indicators is a broken line connecting the 

midpoints of the upper sides of the histogram columns. Frequency polygons are widespread as a 

method of graphical presentation of data on inequality, and this is not an accident - they are very 

demonstrative, have been used for a long time and widely [7,8] and allow you to visually 

compare the real ESS and some still existing ideas about social inequality (Fig. 1) 
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Figure 1. a - distribution of people by income, estimated by the cost of cars (with 

different quantization) [9]; b - distribution of newborns by weight [10]; c - distribution of people 

according to volume of lexicon (Russian language) [11, 12]. 
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The type of frequency polygons representing the economic structure of society can confirm or 

refute the idea of the reasons for the emergence and intensification of inequality. 

Unscientific notions of the causes of social inequality are widespread; modern society has 

inherited these misconceptions from the reactionary idealistic works of some thinkers of the past. 

For example, here is an account of the foundations of social inequality as presented by the 

famous Russian philosopher I.A. Ilyin: “If people were truly equal, life would be extremely 

simple, and justice would be extremely easy to find and introduce into everyday life. It would 

only be worth saying: to the same people - the same share; or - equally to all of them ... In fact, 

people are not equal in body or soul or spirit” [13]. 

In the most odious versions, this belief system justifies inequality with “good genes” or “noble 

origin”, as in the works of the religious and political philosopher N. A. Berdyaev: “The existence 

of a “white bone” is not only an estate prejudice, it is also an irrefutable and indestructible 

anthropological fact ... The aristocracy was created by God and received its qualities from God ... 

No social revolution can destroy the qualitative advantages of a race” [14]. 

If the social-racist belief system reflected reality, then the income distribution of the population 

would be normal. However, people are really born (Fig. 1b) and live unequally, including 

intellectually (Fig. 1c), but only this inequality does not at all resemble that given in Fig. 1a 

income inequality. 

In economic reality, nothing like the normal distribution is observed. The income distribution of 

the population is lognormal, with its maximum shifted so much to the left, towards the poorest 

cohorts, that it merges with the ordinate axis. 

In [15], we showed that the cause of wealth and poverty is a rank exchange, i.e. systematic 

practice of non-equivalent transactions made by unequal partners. Transactions in which a rich 

counterparty shifts the market price in his favor, and the more wealth he has the more effective 

he acts. It is the rank exchange that gives the characteristic lognormal distribution with a “heavy 

tail”, presented in Fig. 1a. 

But despite the indisputable advantages noted - first of all, the simplicity and visibility of 

identifying the causes of social inequality - frequency polygons are not without drawbacks due to 

the need to use only quantized data. 

Therefore, it is not possible to compare frequency polygons from several sources with different 

splitting into cohorts on one diagram - the height of each column of the histogram is 

unambiguously related to the width of the cohort corresponding to this column, because the 

wider the income range of a given cohort, the greater the likelihood of a person to get into this 

cohort. 

It is easy to see (see Fig. 1a) that a less detailed quantization gives a greater peak height of about 

one and a half times. Thus, for the same data, it is possible to construct radically different 

frequency polygons by changing the method of quantization of this data. Moreover, frequency 

polygons are not able to provide comparability of data from various sources. 

 

2. Lorentz Curves 



Fig. 2 shows visually indistinguishable Lorentz curves constructed according to Rosstat data (for 

a company with a maximum income of 96 thousand rubles / month) and according to a summary 

of Rosstat and Forbes (for a company with a maximum income of 14.3 billion RUB/month). The 

technique of compound data arrays is described in [10]). The addition of data to income 

information for the richest did not affect the shape of the Lorentz curve. 

 

Figure 2. Lorentz curves. Rosstat data, summary data of Rosstat and Forbes [9]. 

The fundamental problem with the use of Lorentz curves lies in the fact that economists do not 

have and will not have complete data on rich cohorts for the same reason as why the state does 

not have these data. 

 

3. Distribution Functions 

Distribution functions (Fig. 3) are already used as a tool for representing inequality [16], 

although they are not yet as popular as Lorentz curves or frequency polygons. 
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Figure 3 [9]. а - distribution functions for different quantization of data, as well as 

lognormal (real ESO), normal and uniform distribution; b - comparison of data on inequality in 

the Russian Federation from several independent sources, incl. with incomplete data on rich 

cohorts. 

 

From fig. 3a it follows that differences in the quantization of data (avtopoisk.ru, 15 and 24 

cohorts) do not affect the course of the curves, and therefore can be used to compare data from a 

variety of sources for any division into cohorts, and even in the absence thereof. 

The distribution functions are clear. In fig. 3a visually, without any quantitative analysis, the 

fictitious distribution of the population by income (uniform and normal) and the real lognormal 

distribution based on car prices are perfectly distinguished. 

The data from Rosstat and Rosstat + Forbes, thanks to the distribution functions, are easily 

visually distinguishable. Therefore, they clearly show the difference between data in which the 

maximum income is 96 thousand RUB/month. and data with a maximum income of 14.3 billion 

RUB/month. It should be noted that both the Rosstat data and the Rosstat + Forbes data do not 

contain complete information about the incomes of the richest members of society. 
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4. Numerical indices of inequality 

Calculation of inequality indices (table) showed that the coefficients of the funds (decile, 

quintile, etc.) are not computable with arbitrary quantization, and therefore unsuitable for 

comparing data from sources differing in quantization (table, column 3). 

The Gini index also does not provide an adequate representation of the degree of inequality, 

since its value does not respond at all to adding data on subjects that differ significantly in the 

maximum income (table, Column 4, rows 1 and 2). 

The value of the Pareto indicator α is not unambiguously associated with inequality - the Pareto 

indicator is higher for Rosstat data that are obviously incomplete and characterized by 

underestimated inequality than for data on inequality determined by car prices (table, Column 5, 

rows 1, 4, 5, 6). 

The first three indicators of the total entropy of GE (table, Column 6, 7, 8, row 9), as well as the 

ratio of the maximum income (wealth) to the modal Imax/mod (tab., Column 10, row 9), the 

most of all the considered inequality criteria depend on the quantization of the data, and 

therefore are not suitable for comparing data differing in quantization. 

The intensity of the exponential distribution λ does not have the listed drawbacks - it is definitely 

greater with greater inequality, it is computable with arbitrary quantization and depends rather 

weakly on it, it is sensitive to the width of the income range and does not require completely 

complete data on rich cohorts. 

Table. Comparison of inequality indices. 

# 

# 

Data Inequality index R
2
 exponential 

approximation 
Fund 

ratio 

Gini   GE(0) GE(1) 

 

GE(2) Imax 

/mod 

λ 

1 2 3 4 5 6 7 8 9 10 11 

1 Rosstat 15,6
1
 0,38 

 

1,36 0,187 0,241 0,256 8,03 2,43 0,9360 

2 Rosstat + 
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1,54 0,283 0,451 2584 1,19E6 4,85Е5 0,9775 

3 Rosstat + 

FNS 
0,48 1,38 0,436 1,284 4340 1,19E6 2,63Е5 0,9706 

4 avtopoisk.ru  

24 cohorts 

0,46 1,22 0,415 0,438 0,098 680 418 0,9915 

                                                           
1
 Adopted according to Rosstat, but the calculation of the ratio of funds on the published Rosstat ESS is impossible. 



5 avtopoisk.ru  

15 cohorts 

0,48 1,25 0,468 0,491 1,125 589 434 0,9917 

6 avito.ru 

cars 

0,53 1,26 - - - 1290 217 0,9990 

7 avito.ru 

real estate 

0,55 1,37 - - - 1860 1010 0,9918 

8 Credit Suisse ∞ 0,91 

 

1,4 - - - - 60,8 0,9271 

9 Discrepancy 

4 and 5 lines 

- 
4,2% 2,4% 11,21% 10,85% 91,31% 14,33% 3,7% - 

 

 

5. Some limitations of the obtained results 

The study of the behavior of the exponential distribution [17] on model examples showed that: 

- only ESSs with high social inequality are well described by the exponential distribution 

function (the data of Rosstat and Credit Suisse, characterized by low inequality, see Fig. 3b are 

worst approximated by the exponential dependence, see table column 11); 

- the values of the intensity of the exponential distribution can be used as an indicator of 

incomplete data (for λ <10, we must admit that we do not have a complete description of the 

ESS); 

Among the drawbacks of the distribution intensity, it is also possible to note some of its non-

obviousness and computational complexity (the latter is not a problem with the modern 

development of computer technology), therefore, for a quick and clear, although more rough 

estimate of the inequality, you can use the Imax / mod index. 

 In addition, the distribution intensity is not additive, i.e. cannot be decomposed without a 

remainder into the sum of inequalities within individual groups and intergroup inequality [18], 

as, incidentally, the universally used Gini index. Therefore, if it is necessary to decompose 

inequalities (but only if unquantified data are available), it is advisable to use indicators of total 

entropy, including the Theil index. 

In all other cases, it is better to prefer the intensity of the exponential distribution as the index of 

inequality. 

However, it does not follow from what has been said that universally accepted indices for 

representing inequality should be unconditionally and forever abandoned. 



In cases where the inequality is small and the data are complete (for example, when describing 

the inequality of the countries of the world in terms of per capita GDP), it is necessary to use the 

coefficient of funds, the Gini index etc. 

In addition, the socio-economic sciences have already accumulated long-term trends of 

inequality, expressed using the Gini index or (less commonly) other generally accepted 

coefficients. And if the purpose of the study is to study the dynamics of inequality (it is the study 

of dynamics, not cross-country comparison, for example, it is impossible with the help of 

generally accepted indices), then the calculation of the Gini index in order to prolongate the 

trend is justified. 
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