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1. Introduction

Many studies have emphasized the role played by the middle class in the pro-
cess of economic development. It has in fact been argued that a sizable middle
class is a pre-condition for a nation to develop. For Landes (1998), cited by
Easterly (2001), “the ideal growth and development society” would have a
“relatively large middle class”. Easterly (2001) also cites a study by Adelman and
Morris (1967) who wrote that “it is clear from many country studies that the
growth of a robust middle class remains of crucial importance in contemporary
low-income nations”. Easterly (2001) in fact puts forth two determinants of eco-
nomic development that are mentioned in two strands of literature: the first one
emphasizes the role of resource endowments and the absence of high inequality;
the second one links ethnic divisions to poor growth.

The first type of argument appears in papers by Engerman and Sokoloff
(1997) and Sokoloff and Engerman (2000) in their studies of development in the
New World. There they argue that in Latin America, economies of scale in tropical
commodity factor endowments have led to an important concentration of wealth
and hence to the existence of a small elite. To maintain its power this elite would
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then prevent any mass investment in human capital and, as a consequence, any sig-
nificant development. The story was evidently completely different in North Amer-
ica where family farms were common in non-tropical land so that inequality was
much smaller and investment in mass human capital more common.

The argument concerning the link between ethnic divisions and poor growth
is that “an ethnically distinct group in power is reluctant to invest in public serv-
ices for the other ethnic groups for fear that the other groups will be enabled to
displace the first group from power” (Easterly, 2001, p. 319).

Such a combination of relative equality and ethnic homogeneity has been
labeled “middle class consensus” by Easterly (2001) and it is this consensus that
ultimately brings higher levels of income and growth.

Given the role played by the middle class, one may wonder whether there is any
agreement about the way the relative importance of the middle class should be meas-
ured. There is however no common definition of the middle class in the literature.
For Foster and Wolfson (1992; 2010) measuring the middle class implies four deci-
sions: (i) choosing a “space” whether it is an “income-space” or a “people-space”;
(ii) determining what should be the middle (e.g. the median or the mean income); (iii)
selecting a range around the middle (defining a percentage interval above and below
this “middle”, whether it refers to the median or the mean); (iv) aggregating the data.

Thurow (1984), for example, included in the middle class those households
whose income ranges from 75 percent to 125 percent of the median household
income. Blackburn and Bloom (1985) recommended a wider interval, one which
would comprise all those households whose income varies from 60 percent to 225
percentof the median. Horrigan and Haugen (1988) used several income ranges to
define the middle class in the U.S. and concluded that the middle class was shrinking
mainly because the declining proportion of families in the middle class had moved to
the upper class, while the income share of the lower class declined. Davis and Huston
(1992) defined the middle class as those families with incomes between 50 and 150
percent of the current-year median income while for Lawrence (1984) the middle
class ranged from two-thirds to four-thirds of men�s median weekly earnings. Using a
kernel density approach Jenkins (1995) concluded that in the U.K. there was a shift
in the concentration of people towards upper income ranges as well as an increase in
the concentration at the very lowest incomes. Birdsall et al. (2000) agreed with
Thurow�s approach but Birdsall (2010) preferred to include in the middle class people
at or above the equivalent of $10 day in 2005, and at or below the 90th percentile of
the income distribution in their own country. Pressman (2007), using the LIS (Lux-
embourg Income Study) database, defined the “middle class” as those households
receiving between 75 percent and 125 percent of median adjusted household income.
Eisenhauer (2008) used the government�s official poverty line as the demarcation
between the poor and the middle class, and developed an equivalent distinction to
separate the middle class from the wealthy. Rather than basing the definition of the
middle class on the “income-space”, Levy (1987a; 1987b) used a definition related to
a “people-space”, one where the “middle” ranges from the 20th to the 80th percentile
but Beach (1989) was not convinced by Levy�s (1987a; 1987b) assertion that the mid-
dle class is vanishing.

Gigliarano and Mosler (2009) suggested taking a multidimensional people�s
space approach. In their empirical illustration, based on German data, they used
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income and wealth as the relevant dimensions. Atkinson and Brandolini (2011)
examined the identification of the “middle class”, using data from the Luxem-
bourg Income Study (LIS) as well as from the Luxembourg Wealth Study (LWS).
They first considered definitions based purely on income. But they then argued
that the concept of “class” requires the examination of other dimensions, such as
the role of property and, drawing on the sociological literature, of occupations.

To understand why the middle class declined in several Western countries sev-
eral explanations have been proposed. For the U.S., Davis and Huston (1992) men-
tioned the role of de-industrialization, the rising number of families headed by
women, the increased polarization of incomes of black families, the aging of the
baby boomers, the reduced number of average hours worked by family heads and
the decline in union membership and in durable manufacturing jobs. More recently
Piketty (2014), though emphasizing inequality more than the decline of the middle
class, claimed that the share of capital in total income is an essential source of
inequality in the Western world. In fact, whereas this share was low almost through-
out the twentieth century, it has now returned to historical high levels, whether in
France, the U.S. or the U.K. In addition, wage growth concentrates mainly in the
upper tail of the wage distribution and these high wages have nothing to do with
productivity but are rather the consequence of social norms. Piketty concludes that
the present levels of inequality cannot be justified and, as a consequence, recom-
mends important policy interventions, such as a global wealth tax.

Given that different income ranges have been suggested to measure the relative
importance of the middle class, conclusions are likely to depend on the definition
adopted. The same kind of problem is faced when trying to measure the extent of
poverty as the latter depends on the poverty line which has been selected. In the
field of poverty Atkinson (1987) and Foster and Shorrocks (1988) proposed to
adopt an approach based on the concept of stochastic dominance when comparing
the magnitude of poverty in two income distributions. Conclusions based on such
an approach may then hold for a wide range of poverty lines and a large set of pov-
erty measures (for more details on this method, see Ravallion, 1994; Jenkins and
Lambert, 1997, and Fields, 2001).

Foster and Wolfson (1992; 2010) took a similar approach when analyzing bi-
polarization but they evidently had to determine two cutoff points, the lower and
upper levels of income. These thresholds may vary but still lead to the same con-
clusion, as far as the size of the middle class is concerned. Foster and Wolfson
(1992; 2010) defined in fact two polarization curves, one related to the notion of
“increasing spread”, the other to that of “increased bipolarity”.

“Increasing spread” refers to the fact that moving an individual from the
middle position (the median) to the tails of the income distribution induces an
increase in bipolarization, that is, a rank preserving increase (reduction) in
incomes above (below) the median extends the gap between the two groups (those
above and below the median) and hence increases the degree of bi-polarization.

“Increased bipolarity” refers to the case where the incomes below or above the
median become closer to each other, so that the gaps between the incomes below
(above) the median have been reduced, leading to an increase in bi-polarization.

These two concepts of “increasing spread” and “increased bipolarity” show
clearly why the notions of “inequality” and “bi-polarization” are different. Whereas
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any transfer of income from a poor to a richer individual increases inequality, it
increases bi-polarization only if money is transferred from an individual with an
income below the median to one with an income above the median. But if money is
transferred from an individual with an income below the median to a richer individ-
ual whose income remains below the median income or if money is transferred
from an individual with an income above the median to another richer individual,
bi-polarization will decrease.1

The approach of Foster and Wolfson (1992; 2010) has been expanded in sev-
eral directions. Wang and Tsui (2000) extended the index of Foster and Wolfson,
on the basis of the generalization of the Gini index originally proposed by
Donaldson and Weymark (1980) and Weymark (1981). Chakravarty and
Majumder (2001) derived a welfare theoretic measure of bi-polarization not from
the Gini index, but from the Atkinson (1970)—Kolm (1969)—Sen (1973) general
ethical inequality index. Chakravarty et al. (2007) defined an absolute concept of
bipolarization. They scaled up the Foster-Wolfson (first) bi-polarization curve by
the median in order to obtain what they call an “Absolute Polarization Curve”
(APC). Chakravarty and D�Ambrosio (2010) derived an additional generalization
and defined the concept of “Intermediate Polarization Curve” (IPC). Rodriguez
and Salas (2003) extended the use of the Foster and Wolfson (1992; 2010) index
to the case where an extended rather than the traditional Gini index is used.
Though not limiting their analysis to the case of bipolarization, Zhang and
Kanbur (2001) defined a polarization index as the ratio of the between- to that of
the within-group inequality, inequality being measured via the Theil index. Silber
et al. (2007) defined a bi-polarization index on the basis of the work of Berrebi
and Silber (1989) on the measurement of the flatness of a distribution. They then
showed that such an index had the two most desirable properties of a polarization
index, namely the axioms of Non-Decreasing Spread and Non-Decreasing
Bipolarity. Following the work of Zheng (2007a; 2007b; 2007c) on the concept of
unit-consistency, which requires that inequality (poverty) rankings, rather
than levels, should not be affected by the units in which incomes is expressed,
Lasso de la Vega et al. (2010) extended Zheng�s ideas to the measurement of
bipolarization.

Using the concept of concentration index, Apouey (2010) extended the concept
of income bipolarization to that of health bipolarization. Apouey and Silber (2013)
suggested two approaches to the quantification of inequality and bi-polarization in
income and health. In the first approach, inequality and bi-polarization will be min-
imal when health and income are independent. In an alternative approach, they
supposed that there is no inequality and bi-polarization when all individuals report
the exact same health and income categories.

In this paper we introduce a simple algorithm derived from the matrix for-
mulation suggested by Silber (1989) to compute the Gini index and obtain a
decomposition of the Foster and Wolfson (1992, 2010) bipolarization index by

1As already stressed in Esteban and Ray (1994) as well as in Duclos et al. (2004), the concepts of
“increasing spread” (polarization rises when “across-group” inequality increases) and “increased
bipolarity” (polarization increases when “within-group” inequality is reduced) are also central notions
in the vast literature dealing with the measurement of polarization. We believe however, as already
stressed in Nissanov et al. (2010), that polarization and bipolarization are somehow different notions.
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income sources. To the best of our knowledge the focus of almost all the empirical
studies of bi-polarization has been on the distribution of total income, the study
of Deutsch and Silber (2010) being the only attempt to decompose bipolarization
indices by income sources. The procedure they proposed is however quite cumber-
some.2 By presenting a simple algorithm to compute the Foster and Wolfson
(1992; 2010) bipolarization index and showing how such an algorithm leads to
quite a straightforward decomposition of this index by income sources, the pres-
ent paper is likely to be very useful to those investigating the extent of the bipola-
rization of incomes. Moreover, given the parallelism between the decomposition
of income inequality by income sources and that of the variance of earnings in an
income generating function (see, for example, Morduch and Sicular, 2002, and
Fields, 2003), the decomposition presented in this paper could be extended, using
a Mincerian earnings function, to a breakdown of the bipolarization of wages or
earnings by its determinants.

The paper is organized as follows. Section 2 describes this simple algorithm
allowing the computation of the Foster and Wolfson bipolarization index. Section
3 then shows how this algorithm can also be used to decompose bipolarization by
income sources. Section 4 gives an empirical illustration based on EU-SILC data
for the years 2007 and 2014. Concluding comments are given in Section 5.

2. On A Matrix Representation of the Foster and Wolfson BI-

Polarization Index

The Foster and Wolfson bi-polarization index, FW , may be expressed (see,
Foster and Wolfson, 1992, 2010) as

FW5 GB2GWð Þ �y
m

� �
(1)

where GB; GW ; �y and m are respectively the between and within groups Gini
indices, the arithmetic mean and the median of an income distribution. In this
formulation it is assumed that there are only two groups, those having an income
yi higher than the median income and those with an income lower than the
median income.

It is however known that in the case of two non-overlapping groups the over-
all Gini index IG is equal to the sum of the between and within groups Gini indi-
ces. Moreover, it has been shown (see, Silber, 1989) that the Gini index IG could
be expressed as

IG5e0G s(2)

where e0 is a row vector of n elements being all equal to (1/n), s a column vector of

2Araar (2008) proposed a decomposition of the Duclos-Esteban-Ray (2004) DER index of polar-
ization by income sources. Since in such an approach the number of poles is determined by the data, it
cannot be applied to the decomposition of bipolarization, the latter being limited evidently to only two
poles, and of equal population size.
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the n income shares, the latter being ranked by decreasing income, G a n by n
square matrix (called the G-matrix) whose typical element gij is equal to 0 if i5j,
to 21 if j > i and to 11 if i > j; n referring to the number of individuals in the
population.

Let us assume at this stage that n is even, say, n 5 6. The G-matrix is therefore
written as

G5

0 21 21

1 0 21

1 1 0

21 21 21

21 21 21

21 21 21

1 1 1

1 1 1

1 1 1

0 21 21

1 0 21

1 1 0

2
6666666666666664

3
7777777777777775

If we assume, as mentioned previously, two groups of equal size, those with
an income higher and those with an income smaller than the median
income, both of equal size, and if we divide the G-matrix into 4 sub-
matrices of equal size (each of size (n/2) by (n/2)) called respectively A
(northwest sub-matrix), B (northeast sub-matrix), C (southwest sub-matrix)
and D (southeast sub-matrix) it can be proven (see, Silber, 1989) that the
contribution GW of the within groups inequality to the overall Gini index IG

will be written as

GW 5e10As11e20Ds2(3)

where A and D are each G-matrices of size (n/2) by (n/2), e10 and e20 are row vec-
tors of size (n/2) with each element equal to (1/n), s1 a column vector of the (n/2)
highest income shares and s2 a column vector of the (n/2) lowest income shares,
the shares being in each case ranked by decreasing values.

Similarly it is easy to prove (see, Silber, 1989) that the contribution GB of the
between groups inequality to the overall Gini index IG will be expressed as

GB5e10Cs11e20Bs2(4)

Let us now call At and Dt matrices that are respectively the transpose of the mat-
rices A and D. It then follows that e10Ats11e20Dts2 will be equal to (2GwÞ so that

e10Cs11e20Bs21e10Ats11e20Dts25GB2Gw(5)

Given the way we have defined the matrices At and Dt it is not difficult to derive
that the difference GB2Gwð Þ may be also written as
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GB2Gwð Þ5e0Ps(6)

where P (henceforth called the P-matrix) is a square n by n matrix, which, when
n 5 6, will be written as

P5

0 1 1

21 0 1

21 21 0

21 21 21

21 21 21

21 21 21

1 1 1

1 1 1

1 1 1

0 1 1

21 0 1

21 21 0

2
6666666666666664

3
7777777777777775

From this representation of the P-matrix we easily derive that the difference
GB2Gwð Þ may be also written as

GB2Gwð Þ5
Xn=2

i51

2i21
n

� �
si 2

Xn

i5 n
2ð Þ11

2 n2i11ð Þ21
n

� �
si(7)

Since si5 yi= n�yð Þð Þ, we conclude, combining (1) and (7) that

FW5
Xn=2

i51

2i21
n

� �
yi

nm

� �� �
2

Xn

i5 n
2ð Þ11

2 n2i11ð Þ21
n

� �
yi

nm

� �� �
5e0P~s(8)

where ~s is a n by 1 vector whose typical element ~si is equal to yi
nm.

The case where n is odd would be written as:

FW5
Xn21ð Þ=2

i51

2i21
n

� �
yi

nm

� �� �
2
Xn

i5 n13
2ð Þ

2 n2i11ð Þ21
n

� �
yi

nm

� �� �
(9)

where it is assumed that the median income (corresponding to i5 n11
2

� 	
Þ either

belongs to both groups or to none of them (as in the previous expression) but if n
is big enough the decomposition remains the same.3 We will from now on assume
that n is even.

Expression (8) may then be used to derive a decomposition of the Foster and
Wolfson index by income sources.

3Rodr�ıguez (2006) in a paper on bipolarization reached in fact a similar conclusion.
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3. The Decomposition of the Foster and Wolfson Bi-Polarization Index

by Income Sources

Let us now call yij the income that individual i receives from income source j
and assume that there are J sources of income, and yi5

PJ
j51 yij .

We can now rewrite (8) as

FW5
XJ

j51

Xn=2

i51

2i21
n

� �
yij

nm

� �� �
2

Xn

i5 n
2ð Þ11

2 n2i11ð Þ21
n

� �
yij

nm

� �� �8><
>:

9>=
>;(10)

so that the contribution Cj of income source j to the Foster and Wolfson index
FW will be

Cj5
Xn=2

i51

2i21
n

� �
yij

nm

� �� �
2

Xn

i5 n
2ð Þ11

2 n2i11ð Þ21
n

� �
yij

nm

� �� �
(11)

If we prefer to use the P-matrix to compute the index FW as in (8), we can define
a column vector y whose typical elements are the incomes of all n individuals,
these incomes being ranked by decreasing values of yi : Let now y:j be a column
vector of the incomes the various individuals receive from source j, the individuals
being ranked by decreasing values of total income yi.

Expression (10) may therefore be rewritten as:

FW5e0P~s5
1

nm
e0Py5

XJ

j51

1
nm

e0Py:j(12)

so that the contribution of a given income source to the Foster and Wolfson bipo-
larization index of total income may be expressed as

Cj5
1

nm

� �
e0Py:j
� 	

5
mj

m

� � e0Py:j
nmj

� �
(13)

where mj is the median income for source j.
Let us similarly define a vector z:j whose typical elements are also equal to

the incomes from source j, these incomes being now ranked by decreasing values.
Using expressions (6) to (8), we may then define the Foster and Wolfson bipolari-
zation index FWj for income source j as

FWj5
e0Pz:j
nmj

� �
(14)

Given that the elements in the vector y:j are the same as those in the vector z:j but
are generally ranked in a different order, we will similarly define a Pseudo-
bipolarization index PFWj for income source j as
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PFWj5
e0Py:j
nmj

� �
(15)

Expression (12) may then be also written in terms of the FW measure of bipolari-
zation of each income source, that is, as

FW5
XJ

j51

1
nm

� �
e0Py:j
� 	

5
XJ

j51

mj

m

� � e0Pz:j
� 	

nmj

e0Py:j=nmj
� 	
e0Pz:j=nmj
� 	

 !

5
XJ

j51

mj

m

� �
FWj
� 	 PFWj

FWj

� �(16)

The contribution Cj of a given income source to the Foster and Wolfson bi-
polarization index may therefore be also written as

Cj5
mj

m
e0Pz:j
� 	

nmj

e0Py:j
� 	
e0Pz:j
� 	

 !
5

mj

m

� �
FWj
� 	 PFWj

FWj

� �
5

mj

m

� �
PFWj(17)

In expression (16) this contribution Cj is expressed as a function of three
elements:4

� The ratio mj

m

� 	
of the median income from source j over the median value

of total income. This ratio is a measure of the relative importance of
income source j in total income.5 Therefore, the higher this ratio, the
higher, ceteris paribus, the degree of bipolarization of the distribution of
total income.

� The ratio ðe0Pz:jÞ
nmj

� �
which is in fact equal to the index of bi-polarization

FWj for the distribution of income source j, since the incomes from
source j that are the elements of z:j are ranked by decreasing values.
Therefore, the higher this index, the higher, ceteris paribus, the degree of
bipolarization of the distribution of total income.

� The ratio
e0Py:jð Þ
e0Pz:jð Þ

� �
5

e0Py:jð Þ= nmjð Þ½ �
e0Pz:jð Þ= nmjð Þ½ �


 �
5

PFWj

FWj
which can be positive or neg-

ative. The higher in absolute value the value of this ratio, the higher,

4Such a distinction between three determinants is similar to that made when examining the deter-
minants of the contribution of an income source to the Gini index of total income. In the latter case
the determinants are respectively the ratio of the average income of the source over the average total
income, the Gini index of the source and what Lerman and Yitzhaki (1985) called the Gini correlation
coefficient.

5The ratio of the average income from source j to the average total income would be a better indi-
cator, as the sum of the average incomes from all sources is equal to the average total income. Such a
ratio appears indeed in the decomposition of the Gini index by income sources. The median is never-
theless one of the indicators of the location of a distribution and this is why we can still consider the
ratio of the median income from source j to the overall median income as a measure of the relative
importance of this income source.
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ceteris paribus, its impact in absolute value on the bipolarization of total
income.6

On the other hand in expression (17), the contribution of income source j to the
bipolarization of total income may be considered as a function of only two deter-
minants: the ratio mj

m

� 	
of the median income from source j over the median value

of total income, and what was previously called the Pseudo Foster and Wolfson
bipolarization index for income source j.

Let now GBj and GWj refer respectively to the between and within groups
Gini indices for income source j. The between groups Gini index GBj is derived by
giving to each “income source j rich” individual (each individual whose income
from source j is higher than the median income from source j) the average income
�yrj from source j among the “income source j rich” individuals, and to each
“income source j poor” individual (each individual whose income from source j is
lower than the median income from source j) the average income �ypj from source j
among the “income source j poor” individuals. Note that, following Berrebi and
Silber (1989) we may also express this between groups Gini index as

GBj5
1

4�yj

 !
�yrj2�ypj

� �
(18)

The within groups Gini index GWj is equal (see, for example, Silber, 1989) to the
sum of two expressions. The first expression is the product of three elements
respectively equal to the share (one half) in the total population of the “income
source j rich” individuals, the share srj of the “income source j rich” individuals
(as defined previously) in the total income from source j and the “within income
source j rich” Gini index GWrj . Similarly the second expression is the product of
three elements respectively equal to the share (one half) in the total population of
the “income source j poor” individuals, the share spj of the “income source j
poor” individuals (as defined previously) in the total income from source j and
the “within income source j poor” Gini index GWpj.

In other words we may write that

GWj5
1
2

srjGWrj1
1
2

spjGWpj(19)

Using (1) we easily derive, limiting ourselves to the distribution of the incomes
from source j, that

6The same kind of ratio appears in the decomposition of the Gini index by income sources (see,
Lerman and Yitzhaki, 1985) but there the G-matrix rather than the P-matrix is used and the product

n�yj

�
) rather than the product nmj

� 	
is introduced. Lerman and Yitzhaki (1985) have called “Gini cor-

relation coefficient” the ratio
e0Gy:jð Þ= n�yjð Þ½ �
e0Gz:jð Þ= n�yjð Þ½ �


 �
. In fact Lerman and Yitzhaki (1985) did not make use of

the G-matrix but rather gave a formulation of the Gini index in terms of the covariances between the
income sources and total income.

10862

Review of Income and Wealth, Series 64, Number 4, December 2018

© 2017   International Association for Research in Income and Wealth



FWj5 GBj2GWj
� 	 �yj

mj

� �
(20)

Let us now call PGBj and PGWj the between and within groups Pseudo Gini indi-
ces7 for income source j, the two groups including respectively those individuals
with a total income above median income m, and those with a total income below
the median income m. The Pseudo-between groups Gini index PGBj is derived by
giving to each “total income rich” individual (each individual whose total income
is higher than the median total income) the average income &yrj from source j
among the “total income rich” individuals, and to each “total income poor” indi-
vidual (each individual whose total income is lower than the median total income)
the average income &ypj from source j among the “total income poor” individuals.
By analogy with expression (15) we may also write that

PGBj5
1

4�yj

 !
&yrj2&ypj

� �
(21)

Similarly, on the basis of the decomposition of the within groups Gini index, we
may express the pseudo-within groups Gini index PGWj as the sum of two expres-
sions. The first expression is the product of three elements respectively equal to the
share (one half) in the total population of the “total income rich” individuals, the
share &srj of the “total income rich” individuals (as defined previously) in the total
income from source j and the “pseudo-within income source j rich” Gini index,
&PGWrj, which is computed by assuming that the incomes from source j among the
“total income rich” individuals are ranked by decreasing total income. Similarly the
second expression is the product of three elements respectively equal to the share
(one half) in the total population of the “total income poor” individuals, the share
&spj of the “total income poor” individuals (as defined previously) in the total income
from source j and the “pseudo-within income source j poor” Gini index PG& Wpj
which is computed by assuming that the incomes from source j among the “total
income poor” individuals are ranked by decreasing total income. In other words

PGWj5
1
2

&srjPG& Wrj1
1
2

&spjPG& Wpj(22)

Similarly to what appears in expression (20) we may then write that

PFWj5 PGBj2PGWj
� 	 �yj

mj

� �
(23)

7See Silber (1989) for a definition of the Pseudo-Gini index. The Gini index, as explained before,
is IG5e0Gs, while the Pseudo-Gini index (concentration ratio) is PG5e0Gm where the typical elements
of m are the same incomes shares as in s, the only difference being that these incomes shares are this
time ranked attending to the value of another variable.
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where PFWj, as mentioned previously, refers to the degree of “pseudo-
bipolarization” of the distribution of income source j with respect to total
income.

Going back to the last part of expression (17) it should be clear, given that
the ratio mj

m

� 	
is always positive8, that a necessary condition for the contribution

to the bipolarization of total income of income source j to be negative is that the
difference between the between and within groups Pseudo-Gini indices is negative.
In other words this contribution of income source j will be negative if the disper-
sion of the incomes from source j within the two groups of “total income rich”
and “total income poor” is greater than that existing between these two groups.
This is a very intuitive result given that, as mentioned in the introduction, the
bipolarization of total income is an increasing function of the between groups
(the “total income rich” and the total income poor”) and a negative function of
the within groups income dispersion. In Appendix A we give a simple empirical
illustration based on the incomes of only four individuals and showing how each
of the determinants mentioned previously affect the bipolarization of total
income groups.9

4. An Empirical Illustration Based on Eu-Silc Data

The empirical investigation is based on the European Union Statistics on
Income and Living Conditions (EU-SILC) data set for the 2007 and 2014 waves.
We focus on disposable income. Disposable money income includes net income
from work, other private income not related to work, pensions and other social
transfers. Net money income includes all income sources received by the house-
hold and by each of its current members in the year preceding the survey. Since a
given level of household income will correspond to a different standard of living,
depending on the size and composition of the household, we adjust for these dif-
ferences using the modified-OECD equivalence scale.

The decomposition of the Foster and Wolfson bi-polarization index by
income sources will be based on four income sources:

1. Old-age and survivor�s benefits (old-age and survivors benefits)
2. Benefits other than old-age and survivor�s benefits (other benefits)
3. Income from rental of a property or land and interest, dividends, profit

from capital investments in unincorporated business (property and
interest)

4. Income available before including sources 1 to 3 (income before)
In this empirical analysis we first compute the contribution of each income source
to the value of the Foster and Wolfson index in 2007 and 2014. Then we compute
the contribution of the variation of each income source between 2007 and 2014 to
the change in the Foster and Wolfson index for total income during this same
period.

8We assume that incomes, whatever their sources, are always positive or nil.
9We observe, for income source 1 in the simple illustration given in Table A-2 in Appendix A, that

the contribution Cj of income source 1 is negative and we can check that, as expected in such a case,
the within groups Pseudo Gini index is equal to 20.03 while the between groups Pseudo Gini index for
this same source 1 is smaller and equal to 20.3.
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Regarding the contribution of each income source to the value of the Foster
and Wolfson index in 2007 and 2014, Tables 1a and 1b show that “income before”
is the source that has the highest contribution to bi-polarization, this being true
for all countries. Old-age and survivor�s benefits as well as “other benefits” are
the sources that contribute the least to bi-polarization and in several cases their
contribution is even of opposite sign to that of “income before” (e.g. Bulgaria and
U.K.). We hence conclude that benefits are often a counterweight to the impact
of “income before” on bipolarization in 2007 as well as in 2014, that is, before as
well as after the financial crisis.

If we look at the change in bipolarization between 2007 and 2014, Table 2
shows that the change in bipolarization has not been the same across countries.
We observe that there are countries in which bi-polarization increased, like in
Cyprus and Estonia, while in other countries, like Portugal, bi-polarization
decreased, but none of these changes was in fact statistically significant.10

Such non-significant changes in bi-polarization may however hide significant
changes in the contribution of the different income sources, which act in opposite
directions. Table 3 shows, for example, that in Bulgaria, the change in the

TABLE 2

Value of the Foster-Wolfson (FW) Index in 2007 and 2014 and its Change Between 2007
and 2014, with 95% Bootstrap Confidence Intervals

FW index in 2014 FW index in 2007 Change in FW index

Value 2.5% 97.5% Value 2.5% 97.5% Value 2.5% 97.5%

Austria 0.1123 0.0994 0.1245 0.1071 0.0961 0.1199 0.0052 20.0120 0.0222
Belgium 0.1159 0.1038 0.1276 0.1145 0.1032 0.1281 0.0014 20.0165 0.0185
Bulgaria 0.1427 0.1255 0.1585 0.1517 0.1364 0.1705 20.009 20.0350 0.0142
Cyprus 0.1475 0.1302 0.1656 0.1269 0.1137 0.1424 0.0206 20.0012 0.0434
Czech Republic 0.0962 0.0853 0.1076 0.1018 0.0913 0.1144 20.0056 20.0216 0.0099
Germany 0.1301 0.1156 0.1440 0.1237 0.1111 0.1390 0.0064 20.0143 0.0260
Denmark 0.1088 0.0969 0.1202 0.0998 0.0903 0.1112 0.009 20.0068 0.0246
Estonia 0.1816 0.1606 0.2022 0.1566 0.1403 0.1768 0.025 20.0029 0.0507
Greece 0.1356 0.1202 0.1509 0.1442 0.1292 0.1626 20.0086 20.0321 0.0141
Spain 0.1516 0.1347 0.1678 0.1410 0.1267 0.1586 0.0106 20.0133 0.0333
Finland 0.1128 0.1006 0.1239 0.1123 0.1012 0.1254 0.0005 20.0172 0.0173
France 0.1111 0.0983 0.1245 0.1073 0.0965 0.1206 0.0038 20.0134 0.0215
Iceland 0.0934 0.0831 0.1030 0.1056 0.0950 0.1192 20.0122 20.0291 0.0027
Italy 0.1311 0.1164 0.1450 0.1347 0.1206 0.1513 20.0036 20.0258 0.0177
Lithuania 0.1592 0.1399 0.1776 0.1578 0.1411 0.1783 0.0014 20.0267 0.0259
Luxembourg 0.1186 0.1052 0.1314 0.1142 0.1023 0.1275 0.0044 20.0137 0.0221
Netherlands 0.1066 0.0945 0.1183 0.1063 0.0957 0.1192 0.0003 20.0168 0.0165
Norway 0.0964 0.0860 0.1065 0.0974 0.0876 0.1092 20.001 20.0164 0.0141
Poland 0.1282 0.1133 0.1423 0.1303 0.1166 0.1470 20.0021 20.0244 0.0184
Portugal 0.1460 0.1283 0.1628 0.1671 0.1492 0.1913 20.0211 20.0502 0.0036
Sweden 0.1121 0.1000 0.1236 0.0996 0.0899 0.1111 0.0125 20.0036 0.0281
Slovenia 0.1092 0.0967 0.1204 0.1018 0.0917 0.1139 0.0074 20.0094 0.0233
Slovak Rep. 0.0965 0.0854 0.1073 0.0951 0.0859 0.1067 0.0014 20.0140 0.0160
U.K. 0.1340 0.1193 0.1482 0.1413 0.1268 0.1597 20.0073 20.0307 0.0139

Notes: 400 quantiles for each country have been considered. The bootstrap confidence intervals
are based on 1000 simulations.

10We test the significance of the estimates through bootstrap confidence intervals.
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contribution of old-age and survivor benefits, other benefits and property and
interest, would per se have led to a significant increase in bi-polarization, while
the change in the contribution of “income before” would per se have led to a sig-
nificant decrease in bi-polarization. The net result of these changes was a non-
significant change in bipolarization. We also observe that in all countries where
the change in the contribution of old-age and survivor benefits to bi-polarization
was significant, it would have led to an increase in bi-polarization, except in
Poland and Norway. The same is true for “other benefits”, the exceptions being
here Luxembourg and the U.K., but the number of countries with a significant
change in the contribution to bi-polarization is here much smaller. Finally, all the
significant changes in the contribution of property and interest to bi-polarization
would per se have led to an increase in bi-polarization while the opposite is true
for the changes in the contribution of “income before”, when they were
significant.

It thus appears that even though there were no significant changes in the
degree of bi-polarization, between 2007 and 2014, in total income, there were
some significant changes in the contribution of the different income sources to
overall bi-polarization, mainly in the case of “old-age and survivor” benefits and
“income before”.

5. Concluding Comments

This paper has shown that by expressing the Foster and Wolfson (1992;
2010) bi-polarization index in matrix form the decomposition of the Foster and
Wolfson bi-polarization index by income sources becomes relatively simple. An
empirical illustration based on EU-SILC data for the years 2007 and 2014 has
shown the usefulness of the proposed approach since we were able to show that,
although there was no country in which the change in bi-polarization was signifi-
cant, this was for some countries due to the fact that the changes in the contribu-
tion of the income sources “old-age and survivor benefits” and “other benefits”
had an impact opposite in sign to that of “income before”.

The proposed breakdown could naturally be also applied to an analysis of
the bi-polarization of the distribution of wages or earnings. Using then a tradi-
tional earnings function it becomes possible to derive the contribution to the bi-
polarization of wages of the explanatory variables of such a function. We indeed
intend to explore these issues in future empirical work.
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