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Abstract

The increase in income and wealth inequality observed in the last decade of the twentieth century and the
first decade of the twenty-first century is the subject of many analyses and discussions. Research shows
that major changes in household incomes in Poland took place in the early years of transition (1990-1992),
known as a ‘revolution in income’. The article focuses on the assessment of the degree of household income
inequality after the Poland’s accession to the European Union. The most commonly used measures in
income inequality studies are the measures of inequality based on the Lorenz function — a popular Gini
coefficient and the Schutz ratio, measures using the concept of entropy, measures based on welfare function,
or measures based on income distribution quantiles. The article proposes the possibility of broadening the
measuring spectrum of income inequality analysis of the Csiszar’s divergence measures. The main research
objective of the article is to assess the divergence in the distribution of household equivalent disposable
income in Poland in the years 2005-2013. The data used in the analysis come from the European Survey on
Income and Living Conditions (EU-SILC).
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Introduction

Income inequality has long been and still is the subject of studies in Poland and abroad.
The Polish and foreign subject literature undertakes the issue of growing inequality of household
income.

The research conducted on the concentration, divergence and dispersion of salaries in
Poland, as well as in other post-socialist countries, led to the conclusion that social sentiments
about the increase in income inequality in the nineties of the twentieth century are not confirmed
by the analyses performed on the level of income inequality measures. The subject literature
hypothesizes that the difference in the perception of inequality stems from the increases in the
level of the income of top earners, in particular within the private sector, though the poorest
were not getting richer at a slower rate than the group of those from the mid-part of the social
structure. Moreover, the most affluent group did not gain distinct advantages relative to other
groups (Cichomski, 2001). Szymanska (2013) points to the increase by 1% of the wealthiest
citizens as a cause of growing income disparities in OECD countries.

As follows from the research conducted, major changes in household incomes in Poland
occurred in the early years of its transition (1990-1992), referred to as a ‘revolution in income’
(Szopa, 2006). The studies on the income obtained in the time period 1998-2005 also found
that there was a slow but steady increase in inequality between different types of households
(Ulman, Watega, 2000).

In the context of the available outcome of research regarding the analysis of household
income, the article attempts to assess the degree of the divergence of this income in Poland in
the time period from 2005 to 2013. Furthermore, the authors propose to use Csiszar’s divergence
measures to quantify the intensity of the changes occurring in the distribution of income by
deciles, which can be a valuable contribution to the methodological apparatus applied.

The research objective of the article is to examine the degree of the changes in the

distribution of income of Poland’s households in the years 2005-2013.

1. Data source

The article uses data supplied by the European Union Statistics on Income and Living
Conditions (EU-SILC). This is a study carried out under the Regulation of the Parliament and
the Council of the European Union from 16 June 2003, whose aim is to provide comparable
data for EU member states regarding the living conditions of the population (the Central
Statistical Office [CSO], 2014). In Poland this study has been performed since 2005 by the
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Central Statistical Office. It takes the form of a questionnaire survey conducted by means of
a rotational panel on a four-year basis. The respondents are asked questions relating to such
issues as, for instance, demographic characteristics, education, health, housing conditions,
detailed information on economic activity, as well as the level and sources of earnings.

For the purpose of comparing the income situation of households, equivalent income taking
into account economies of scale is applied. Eurostat uses the OECD modified equivalence scale
(OECD50/30). The equivalence scale is composed of the parameters that allow the comparison
of the situation of households representing different demographic structures. The OECD50/30
scale assigns to the first adult the weight of 1, every subsequent person aged 14 or more is
assigned 0.5, and every person in a household under 14 is assigned the weight of 0.3 (CSO,
2014).

Increasingly, there are doubts related to the use of the data obtained from the survey
questionnaires made on households. Some researchers suggest that these surveys are marked
by a high rate of refusals within the group of affluent and wealthy persons, and, as a result, the
income inequality measures provide underestimated values. Therefore, they propose using the
Personal Income Tax returns (Brzezinski, 2015). In addition, the significantly higher variance
in the group of the wealthiest citizens is indicated, which may also affect the reliability of
the obtained results, particularly in the cases with relatively small samples (Cichomski, 2001).
Jagielski, Duczmal, Kutner (2015) supplemented the data from the EU-SILC with the ranking of
the wealthiest people prepared by the Forbes magazine (‘The World’s Billionaires’).

The present article assesses the degree of inequality and income divergence based on the
data obtained from EU-SILC. It was assumed that the harmonization of these studies at the
European Union level provides comprehensiveness as well as comparability between the EU
member states.

The report published by the CSO after the completion of every subsequent study contains
comprehensive analyses of the results obtained. This report describes such aspects as, for
instance, the structure of the population according to various criteria, the average annual income
per capita and per equivalent unit in a household, net disposable income, the data on the housing
situation, social cohesion indicators, i.e. the poverty line, the Gini coefficient, and the poverty
risk indicator. This article presents the results of the analysis of income inequality on the basis
of the indicators derived from distribution deciles, which complement the results available in

the aforementioned report by the CSO.
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2. Household income inequality

Analyses of inequality in income distribution use different measures allowing for a variety
of variables. The most commonly used measures include the Gini coefficient (a measure of
concentration), ratios of deciles of income distribution, and, the less frequently used, the variance
ofincome, the Atkinson measure, and generalized entropy measures. The Gini coefficient denotes
the relation of a half of the average absolute difference between the income of a randomly
selected pair of individuals to average income (Kasprzyk, Wojnar, 2010). Depending on whether
the calculations take into account social transfers, such as annuities, pensions, benefits, taxes,
subsidies for medicines, or child maintenance tax reliefs, three different approaches to the Gini
coefficient can be applied: the Gini coefficient before social transfers (all), the Gini coefficient
before social transfers but including annuities and pensions, and the Gini coefficient after all
social transfers. In this work the authors present the results for the Gini coefficient obtained after
all social transfers and before social transfers but including annuities and pensions. It is obvious,
therefore, that the coefficient values allowing for transfers reached lower values than those not
taking into account social transfers.

The measures of inequality based on distribution deciles include the quintile and decile
differentiation ratios of extreme distribution parts, the decile differentiation, and the maximum
equality ratio.

The decile differentiation ratio of extreme distribution parts K, is the ratio of the total
of equivalent incomes earned by the wealthiest 10% of households to the total income of the
poorest 10%. However, as pointed out by Cichomski (2001), the last decile group is marked
by high variance, which may adversely affect the adequacy of the data obtained through the
surveys based on relatively small samples. While referring to this comment, Bochenek and
Mikotajewska (2013) applied another measure, i.e. the decile differentiation ratio Dy, defined
by the following formula:

D,, =%x100% @)

1
where D; is i-th decile.

In addition to the decile rate, the study also used the quintile differentiation ratio of extreme

income parts:

_ QS 0
0, _§><IOOA> )

1

where Q; is the total income in the i-th quantile group.
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Another measure of inequality that was applied is the maximum equality ratio (MER),
which indicates what proportion of the total income of the whole society should be transferred
from decile groups with more than 10% of income to the groups whose share is less than 10%,
in order to obtain a complete household income equality (Panek, 2015).

The household income distribution by deciles presented in Table 1 indicates what portion
of the total income is attributed to every subsequent 10% of the households, ranked by the

increasing levels of disposable income per equivalent unit.

Table 1. The household income distribution by deciles (%) in Poland
in the years 2005-2013

Decile groups 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
The first 22 2.7 29 3.0 3.1 3.1 3.0 3.1 3.1
The second 4.2 4.5 4.7 4.8 4.8 4.8 49 4.9 4.9
The third 5.5 5.7 5.9 59 6.0 6.0 6.0 6.0 6.1
The fourth 6.6 6.7 6.9 6.9 6.9 7.0 7.0 7.0 7.1
The fifth 7.7 7.8 79 79 8.0 8.1 8.1 8.1 8.2
The sixth 8.9 9.0 9.1 9.0 9.1 9.2 9.2 9.2 9.2
The seventh 10.3 10.5 10.3 10.3 10.4 10.5 10.5 10.5 10.5
The eighth 12.3 12.3 12.1 12.1 12.1 12.2 12.2 12.2 12.2
The ninth 15.4 15.3 15.0 14.8 14.7 14.9 14.8 14.8 14.9
The tenth 26.9 255 25.1 253 24.8 243 24.4 24.2 24.0

Source: EU-SILC, Eurostat.

In 2005 the households in the lowest quintile group reached a total of 6.4% of the income
of the entire population of the households, while the households in the highest quintile group
had 42.3% of the total income at their disposal. In 2013 the percentage of the poorest households
that already achieved 8% of the total income was 20%, and 20% of the richest households had
38.9% of the income of the entire population. This demonstrates the existence of significant, but
declining in the period considered, disparities in the distribution of the total household income
between the poorest households and the wealthiest ones.

The impact of social transfers on the value of the Gini coefficient is the subject of research,
the results of which are published infer alia in Zwiech’s work (2013).

The analysed period exhibits a small but progressive transfer of income from the highest
decile groups to the groups with the lowest income. The income inequality measured by the
Gini coefficient did not show significant changes throughout the period, thus indicating the
stabilization of the inequality level (Figure 1). What is marked is the difference between the

level of income inequality including social transfers and the one excluding social transfers.
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Moreover, the degree of income inequality of the households in Poland reached a level close to
the level of EU15.!
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Figure 1. The value of the Gini coefficient in Poland and in the EU15 after social transfers (the
main axis) and before transfers but including annuities and pensions (the secondary
axis)

Source: elaborated by the authors based on EU-SILC, Eurostat data.

In 2005 the level of the income inequality in Poland measured by the decile and quintile
divergence ratios of extreme distribution parts, the decile differentiation ratio, and by MER,
significantly exceeded the level of the income inequality in the EU15. Then, the values of these
measures for Poland fell, approaching the level of the indices for EU countries, and after 2009
the difference became insignificant.

Table 2 summarizes the values of the inequality measures analysed in Poland in the years
2005-2013 and their relative changes. The decile measures of inequality indicate in most cases
a decrease in income divergence over the time period under study. The Gini coefficient after
social transfers shows a slight reversible variation. A slight volatility confirms the continuing

stabilization of the household inequality during the period considered.

! EUI15 are the member states of the so-called ‘Old EU’ which made up the Community before the 2004 enlargement.
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Figure 2. The values of selected measures of inequality in Poland and in the EU15 in the years
2005-2013

Source: elaborated by the authors.

Table 2. The values of selected measures of inequality in Poland in the years 2005-2013
and their changes year to year, expressed as a percentage

Kion +[%] Qsn +[%] Doy +[%] MER +[%] Gini +[%]
2005 12.23 6.61 5.20 24.9 30.6
2006 9.44 -22.7 5.67 -14.2 4.58 -11.8 23.6 -5.2 30.3 -0.9
2007 8.66 -8.3 5.28 -6.8 4.26 -6.9 22.5 —4.6 30.6 +0.9
2008 8.43 -2.5 5.14 -2.5 4.05 -5.0 22.5 0 30.9 +0.9
2009 8.00 5.1 5.00 2.7 3.94 -2.6 22.0 2.2 30.5 -1.2
2010 7.84 2.0 4.96 —0.7 3.97 +0.7 21.9 -0.4 30.4 -0.3
2011 8.13 +3.7 4.96 0 3.94 -0.9 21.9 0 30.7 +0.9
2012 7.81 -4.0 4.88 -1.7 4.01 +1.8 21.7 -0.9 304 -0.9
2013 7.74 -0.8 4.86 -0.2 3.99 -0.4 21.6 -0.4 30.5 +0.3

Source: the authors” own calculations.
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3. The assessment of the degree of divergence in the household income distribution
by deciles

3.1. Csiszar’s divergence measures

One of the important problems in solving of which measures of divergence are used
is examining the distance, divergence, or discrimination between the distribution of random
variables. Within the measures of divergence, one can distinguish Csiszar’s divergence measures,
referred to as f~divergence, or, more rarely, Csiszar-Ali-Silvey divergences. The concept of
f-divergence as a measure of divergence between two probability distributions, was introduced
at the same time by Csiszar (1967) in 1967, and Ali and Silvey (1966). Csiszar’s divergence
measures are a generalization of certain measures of divergence, and are defined by means of
convex f-functions determined within the interval [0, 00) of real values.

The measure of divergence belonging to Csiszar’s divergence measures (f-divergence)
between a pair (S,',S)') of n-element vectors (the elements that are indicative of the structure
or share) from the set I'" = S}'.’ :[oolj,mzj,...,oanj]T | 0<o, <I, imij =1; forj=1,...,m, is
defined by the following formula (Csiszar, 1967): o

n n N (Di
Cf (St ’S‘[ ) = szrf(_t] (3)
=1 ;.

If a divergence measure is to be classified into Csiszar’s divergence measures, the function
fix) occurring in the formula (3) must be differentiable and convex, and for x = 1, 1) = 0,
f7’(1) = 0 and for x = 0 the following holds (Menéndez, Pardo, Pardo, Zografos, 2003):

0xf(%j=0 and Oxf(%jzlimm.

Fow

The divergence C; for a pair of vectors (S,',S;) eI xI'" is convex and assumes the
non-negative values for the convex function f :[0,00) — R, such that f{1) = 0 (Taneja, 2005a),
besides C (S, S!)=0 for all functions f(x) that take a value of zero for the argument equal
to unity (Dragomir, Gluscevi¢, Pearce,2001).

Among f~divergences, measures of various properties can be distinguished. These are the
measures that meet property metrics, measures that do not meet the condition of symmetry,
standardized and infinite. The examples of Csiszar’s divergence measures include commonly
known measures such as urban distance, squared Hellinger distance, triangular distance,
y>-divergence or Kullback-Leibler divergence. In information theory and statistics, various
methodologies of designing divergence measures are still being developed. The proposals
made by Lin (1991), Taneja (1995), and Bhatia and Singh (2013) serve as examples. The list
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of Csiszar’s divergence measures along with their properties are contained in Taneja’s (2005b,
2008) and Wedrowska’s (2012) works.

The article focuses on the quantification of the intensity of distribution changes of
household income over time, therefore, for this purpose, non-symmetric divergence measures
were applied. The construction of the below-described non-symmetric f~divergence measures
allows for the weight of the transformation of the vector S into the vector S, assuming
that the vector S is marked by distribution by deciles of income over time T preceding the
moment 7.

The first of the Csiszar’s divergence measures is Lin’s proposal referred to as K-divergence
(Lin, 1991):

K(S",S!) = Z";mi, log, ———-— )

E ©, + 5 ;.

For the divergence measure defined by Lin, the function f(x) specified for x>0 is

a function of the following form:

ﬂm=m&£% 5)

For any pair of structures (S;',S") eI xI'" K-divergence takes values from the interval
[0,1], assuming the value of zero for identical structures.
Another measure used is the Kullback-Leibler divergence (KL-divergence, relative

entropy):

n n N (’Oit
DKL (St ’S'r )= Z(’Oit 10g2 o (6)
i=1

it

(6) The convex function f :[0,00) — R corresponding to the measure (6) is of the form:

fKL (x) = XIng X (7)

The last of the Csiszar’s divergence measures applied to assess the intensity of changes in
the income distribution by deciles is y>-divergence. If the formula (3) adopts a convex function

(Anwar, Hussain, Pecari¢, 2009):

f2(0)=(x-1) (8)

the divergence measure determined for X > 0 will take the form:

(5,50 = 3 ) ©)

it
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The values of the Kullback-Leibler divergence and 2y>-divergence take non-negative
values and are infinite, making it difficult to interpret the results. Both measures react unevenly
to the differences that exist between the various components of the compared structures. For
both measures, most variation interval is reserved for the structures close to full divergence
(Wedrowska, 2012). For Kullback-Leibler divergence and 2y-divergence inequality holds true
(Taneja, Kumar, 2004):

0< D, (S, 8"y <y’ (S",S") (10)

In the analysis of the changes in income distribution by deciles, the measure of monotonic

structural was used additionally (Czempas, Palica, 2007):

n
w, _®10|

S,
B (11)

dP = m_n
ZZ|(’% _(Di(t—l)|

=1 il
where o, are the components of vector S, of any observed period p=1,..,m, ®,,— the
components of vector S; of the period taken as the base, ®, and ®,, , —components of the
vectors S, and S/, from the time period ¢ and the one immediately preceding it, respectively.

Measure (11) is regulated in the interval [0, 1] and takes the value of zero for the structures
with identical components. It takes the value of one when the sequences of i-th shares of those

constituent structures give monotonic sequences in n analysed periods.

3.2. The outcome of the research

The next stage of the research, following the analysis of the income inequality, is to assess
the degree of changes in the household income distribution by decile groups in the years 2005—
2013. To achieve this research objective, Csiszar’s non-symmetric divergence measures were
applied. Their values are given in Table 3. While examining the degree of divergence between the
pairs of structures at two moments, two cases related to the choice of the distribution base were
considered. In the first case, the base distribution is the income distribution by deciles from the
year immediately preceding the year of the survey (S('tofl) ) , in the second — from 2005 (S;gos ) .

Minor changes in the household income inequality were reflected in the low intensity
of the transformation of the distribution of income by deciles. The values of each measure of
divergence are different, which is obvious due to their different designs. However, the small
values of each of the measures quantifying the degree of divergence between the income
distribution in year ¢ and (¢ — 1) indicate that in the period from 2005 to 2013 only slight changes

occurred in the structure of the income distribution for the total of households. The analysis of
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Table 3. The values of Csiszar’s divergence measures for the distribution of household income
by deciles in Poland for the years 2005-2013

Year K-divergence KL-divergence ¥>-divergence d
t/t-1 /2005 t/t-1 /2005 t/t-1 /2005 P

2006 0.000379 0.000379 0.001563 0.001563 0.002237 0.002237 0.3192
2007 0.000099 0.000770 0.000399 0.003214 0.000583 0.004688 0.5000
2008 0.000021 0.000877 0.000085 0.003715 0.000109 0.005475 0.5106
2009 0.000036 0.001168 0.000143 0.004936 0.000189 0.007292 0.6277
2010 0.000028 0.001373 0.000112 0.005732 0.000184 0.008267 0.6915
2011 0.000012 0.001300 0.000046 0.005387 0.000064 0.007686 0.6915
2012 0.000010 0.001461 0.000041 0.006090 0.000050 0.008845 0.7234
2013 0.000012 0.001636 0.000048 0.006783 0.000067 0.009643 0.7660

Source: the authors’ own calculations.

the sequence of divergence measures allows to identify the moments of the occurrence of the
above-average changes in the distribution, referred to as a caesura in phenomena periodization.
The values of each of the applied measures indicate that the most significant changes in the
income distribution by deciles occurred in 2006 as compared to 2005, then in 2007 as compared
t0 2006, and in 2009 as compared to 2008. In the subsequent years, the transformations occurring
in the distribution of income were less significant.

In the assessment of the intensity of the changes in the income distribution by deciles,
a measure of monotonic structural changes was also used. The sequence of calculated values
d,, based on the income distribution by decile groups in the years 2005-2013 allows to specify
the stability degree of the evolution direction of all the shares of the considered distributions.
The measure values are rising monotonically from the value of 0.31915 (in 2006) to 0.76596
(in 2013). The approximation of the discussed measure to a unity indicates the evolution stability
of the individual elements of the income structure under scrutiny. This results from a systematic
increase in the share of the income attributable to the households of the first seven decile groups,

with a simultaneous fall in the share of the household income of the three highest decile groups.

Conclusions

The article presents the outcome of the research conducted on the income inequality of
households in Poland in the years 2005-2013. Some changes occurring over time in income
distribution by deciles were also observed. On the basis of the analyses, the inhibition of the
growth of income inequality could be observed, which was noted in the nineties of the last

century. In addition, it was proposed to use Csiszar’s divergence measures to assess the intensity
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of changes in income distribution divergence in subsequent years. In particular, the following
conclusions on the degree of the transformations of the distribution of household income by
deciles were formulated:
— Inthe analysed period, there occurred slight but steadily declining divergences retaining
a permanent direction of transformations in the household income distribution by
deciles.
— There is a trend exhibiting a decrease in the divergence in the distribution structure of

the total household income.
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