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Abstract!

The decline of the middle class has been investigated aseipml
aspect of social polarization (Wolfson 1994, 1997). Wand &gsui
(2000) have characterized a class of polarization measyqms-
tulates on normalization, increasing spread and incrgasipolarity.
The present paper generalizes this class of measures.rieggfolar-
ization by aggregating measures of poverty anditdience, focussing
on incomes outside a middle class interval. The approagbpisea to
German data on income distribution.

JEL: D31, D63, 132

Keywords: decline of middle class, income distributiorwoime richness

1 Introduction

The concept of social polarization is used to describe howssly different groups
of a society are divided.

One approach to measure polarization was developed by &o(f994, 1997),
focussing on the “decline of middle class”. Wang and Tsub@dollow the Wolf-
son approach by defining indices of polarization. They a@rsdistances from a

*Universitat zu Koln, Seminar fur Wirtschafts- und Sdgiatistik, Albertus-Magnus-Platz, 50923
Koln, scheicher@statistik.uni-koeln.de

1 thank Karl Mosler and Rainer Dyckerfidor reading the paper and providing many valuable
comments.



central point of the income distribution, the median incoffigey transform these
distances by an increasing function and measure polanzéty a mean of trans-
formed distances.

The other — even more popular — approach is introduced byb&stand Ray
(1994): Population is divided somehow in several groupsoputation is heavily
polarized, if firstly the population is divided in few groypgcondly the interesting
variable, e.g. income has very small spread within eachgriout there are enor-
mous diferences between those groups. Thirdly all groups have toffieisntly
large. Many authors followed and modified the Esteban and(R284) approach,
e.g. Chakravarty and Majumder (2001), D"Ambrosio (2001)¢IDs et al. (2004)
and Esteban et al. (2007).

Nonetheless we focus on the Wolfson approach and modify \&addrsui (2000)
polarization measure by using a middle class interval atstef a central middle
class point and calculate the distances to this middle aessal? We use dif-
ferent functions to transform the distances, since thsaalus to treat the poor
differently from the rich. We show that these modified measunedeaeen as an
aggregation of measures of poverty affidl@nce.

There are only a few papers on multivariate polarizatiorgli&ano and Mosler
(2009b) generalize the idea of the "decline of middle clasdiigher dimensions.
They calculate the volume of a middle class that containsexdfportion of the
population. An increasing volume of the middle class coragdo the volume of
the entire population is interpreted as a “decline of midibes”.

Our new measures of univariate polarization can be extetwdadiew definition of
multivariate polarization, i.e. aggregating the distangfthe people at the margins
of the society to a given middle class region. Our index iases if a person leaves
the middle class, if a person outside the middle class isesehis or her distance
to middle class and if people outside the middle class bedmmegenous.

This paper is organized as follows: Sections two and threglgheview the polar-

ization indices of Wang and Tsui (2000) and some indices wéfg and &luence.

Section four introduces the new class of univariate indiagmlarization ordering
and also multivariate indices. Then, in Section five, theaagh is applied to Ger-
man data on income and working hours. Section six concludes.

2E.g. Blackburn and Bloom (1985) already defined a middlesdlaizrval for families, i.e. 60 to
225 percent of the median of families income (lower middissl 60 to 100 percent, middle class
100 to 160 percent and upper middle class 160 to 225 percent).



2 Indices of Wang and Tsui

Consider a population af individuals. Let
D={X=(Xg,...., %) ERI\{O0O< X < X2 < ... < Xp}

be the set of all ordered income distributions. To define tidécies, we require the
median income, denoted Ilog(X).

Wang and Tsui (2000) define polarization measures by

Va0 1= = 37w (% - mO0) )
i=1
and
() = Zw(\’“ = @

wherey is a continuous function on [60).

These indices are based on the distances (absolute oveglatithe median in-
comem(x). The distances are “weighted” by transforming them witloatimuous
functiony. Finally, the mean of the weighted distances is calculated.

The two indices of Wang and Tsui are characterized by threeitant postulates
of polarization, i.e. increasing spread, increasing kiptyl and “zero for equal
incomes”.

First of all, the decline of middle class is a result of inieg distances from
the median income, i.e. the central middle class incomerefbie an index that
measures the decline of the middle class should increaselif shanges in the
income distribution occur:

Postulate 1 (Increasing spread (IS))The polarization index rises if an income
above the median income increases or an income below theamédiome de-
creases.

In inequality measurement a progressive transfer shooléase the index. In line
with this, a progressive transfer between a person withnrecbelow median in-
come and another with income above median income decreataization be-

cause of postulate (IS). But this is not always the case: fiestncomes above
(below) the median become more equal by progressive transie they are more
polarized, then the polarization index should increasés iEhthe main dierence

between polarization measurement and inequality measuntem

3



Postulate 2 (Increasing bipolarity (IB)) The polarization index rises by a pro-
gressive transfer between two individuals both receiviroggpimes above the median
income or between two individuals both receiving incomdavioéhe median.

The third postulate is the trivial condition that the indexzero if there is no in-
equality in income distribution, i.e. all people gain thengsincome:

Postulate 3 (Zero for equal incomes (Z))The polarization index is zero if all peo-
ple receive the same income.

Wang and Tsui (2000) showed the following characterization

Proposition 1 Indices of the formy and ¥, satisfy postulate (IS), (IB) and (Z) if
and only if they is a strictly increasing and strictly concave function &n and

¥(0) = 0.

Figure 1 gives an example for measuring the contributionasheperson to the
polarization index, i.ef(y) = z//(|y;:(”g‘> ) wherey is strictly increasing and strictly
concave withy(0) = 0, in case of relative polarization index and analogousty fo

absolute measurement.

f(y)

b S

m(x)
y-mix) |2

m(x)

Figure 1: Example foff (y): F(y) = |

3See Wang and Tsui (2000), Proposition 5.



3 Indices of poverty and dfluence

In Section four we define polarization indices by replacimgmedian in the Wang
and Tsui measures with a middle class interval. It will tuot that these new po-
larization indices are the sum of a poverty index andfinence index. Therefore,
we shortly take a look on the measurement of poverty ditgegnce in this section.

To construct a general class of income poverty indices irutheal way, we first
have to identify the poor. This is done by a poverty lineften a special percentage
of the median income. Secondly, we have to quantify the degf@overty of the
poor by an increasing function of relative lack of inco@éﬁ. In this paper we use
the classP of relative poverty indices, with elements

P(x) = % ian:l//poor ((ﬂ ; X )+) )

whereypoor - [0,1] — R, is a (weakly) increasing function, say individual illfare
function, and §), := maxa, 0}. Note that many poverty indices like those of Foster
et al. (1984)Prar(x) = 1 3; ((”‘T)“)jl, a > 0, are included in this cla8. For a
recent survey on poverty measurement see Chakravarty aher&(2004).

The measurement offtuence is less often investigatedffilence indices can be
constructed analogously to those of poverty: Firstly, idethe rich, i.e. all people
with income above anfliuence lineo. Then, measure the extent of their richness.
In Peichl, Schafer and Scheicher (2010) such a class divelafiuence indices
has been defined. Similar to this class, let

R(x) = % iZn;lﬁrich (( Xi;p)+) :

whereyyich : [0, ) — R, is a (weakly) increasing function, say individudlia-

ence function. E.g. fagich(y) = (1 - ﬁ)a a > 0, we obtain

o235

Analogously, we can define absolute poverty afiiliance indices.

4 New indices of polarization and polarization orderings

Now we define new indices of univariate and multivariate ppéion and univari-
ate polarization orderings.



4.1 New univariate indices of polarization

In our opinion polarization indices (1) and (2) have two doagks:

The first drawback is that variations of income near the meidieome, i.e. changes
in the middle class, have a higher influence on the index thaations which are
further away fromm(x). The reason for that delivers Postulate 2, the funatidras
to be strictly concave and strictly increasing. To illustrehis, we take a look at the
following two income distributions:

X1 X2 X3 X4 X5 X6 X7 X8 X9

distribuionA 0 0 0 100 100 100 200 200 200
distributonB 0 O 30 70 100 130 170 200 200

We obtain distribution B from A by two progressive transfeetweenxs and x4
and betweernxs and xz. Due to increasing bipolarity (Postulate 2) polarization i
creases from distribution A to B. But many people will ratobim highest polar-
ization in distribution A, with totally homogenous lowerjddle and upper classes.
To get rid of this problem, we propose polarization measthasdo not take the
middle class, say the intervat,[p], # < p, into account. Now the distribution of
income inside the middle class will noffect the polariziation measure anymore.
With this reduction of information we are able to focus oresind distribution of
the outsiders (the poor and the rich). The proportion of thtsiders gives us di-
rectly information about the size of the middle class. Mesrdhe the distribution
of the outsiders may be more or less homogenous. This allews evaluate their
importance in democratic society.

The second problem is the skewness of income distributidrerevincomes are
bounded below by zero but do not have an upper bound. The sndsmia the

Wang and Tsuiindex are boundedz)a(/‘o‘Tm)f)x) ) = (1) forincomes below median
income, but unbounded for incomes above median income eldrerwe propose
to use two functions measuring the distance of the poor peophiddle class and

the distance of the rich people to the middle clas§edintly.

In contrast to Figure 1, Figure 2 shows an example how theesifarach person to
the polarization index could be measured after the two nuadifins.

Firstly, we define the modified absolute index

M) 1= = Sua (-0 + Y v (06— 0] @



f(x)

— . X
m m(x) p

Figure 2: Modified function of Figure 1.

wherey; andy, are weakly increasing functions. This index can be nicelgrin
preted as an aggregation of an absolute poverty index andsoiute &luence
index, wherey, andy> equalypoor andyrich. The simplest example is the "in-
equality” index of Stark (1972), which is a head count meiaguthe percentage of
people who are either poor or rich:

1
Ils tark(X) = ﬁ [Z 17r—Xi >0t Z 1Xa —p>0) s
i i

1 ifr—-x>0,

wherel,;_y.o = { 0 otherwise

Secondly, a modified relative index is defined by

) = (Z‘“(( o) ) Lol ). ) ©)

wherey, o are weakly increasing functions. Index (5) is also an aggreq of
relative (to median income) indices of poverty arffitence?

Two important questions have to be taken in considerationt Rarstly, what pos-
tulates should be satisfied for the new indices? And secpiidhe usual poverty
and dfluence indices are appropriate in respect to the postulapEdarization, or
not.

“Note that the denominators of the poverty aftlance indices in Section 3 areffdrent. This
difference is not a problem, since mostly= ¢- m(x), ¢ € (0,1) andp := d - m(x), d > 1 and the
constants andd can be included by choosing the functignandy,, respectively.



The new indices focus on incomes outside the intemwgh]| therefore we have to
modify the postulates 1-3:

Postulate 1* (Increasing spread outsidér, p]) The polarization index rises if an
income above the richness lipdncreases or an income below the poverty line
decreases.

Postulate 2* (Increasing bipolarity outside[r, p]) The polarization index rises
by a progressive transfer between two individuals if botispes receive incomes
above richness line or if both individuals receive incomeloWw poverty line.

Postulate 3* (Zero for incomes in[x, p]) The polarization index is zero if all peo-
ple receive middle class incomegq[it) p].

Since we can interpret the new polarization indices as gagian of poverty and
affluence indices, many postulates of poverty measurementecaddpted to po-
larization measurement.

We review the standard technical postulates. They seemapgrepriate for most
types of social indicators:

Postulate 4 (Anonymity) The polarization index remains unchanged under a per-
mutation of incomes.

Postulate 5 (Replication invariance) If the population is replicated several times,
the polarization index will not change.

Postulate 6 (Continuity) The polarization index is continuous in the income vec-
tor.

Now we adapt some normative postulates. In poveffyugnce) measurement one
always focuses on poor (rich) people. This also seems todfalus polarization,
when a middle class interval is used instead of a middle @asg. Only incomes
outside the middle class interval should contribute to thlanzation index:

Postulate 7 (Focus)Given the middle class, the polarization index depends only
on people with income outside the middle class.

8



If there are no modifications to the income distribution, flat some normative
reasons) the povertyffiuence) line increases (decreases), then poveitydéace)
should increase. This should be the same in polarizatiorsunement. A decreas-
ing middle class interval increases the distance of each @ each rich to the
middle class. Moreover some people leave the middle clasbezome either poor
or rich.

Postulate 8 (Decreasing middle class interval)rhe polarization index increases
if, ceteris paribus, the middle class interval decreases,the new middle class
interval is a subset of the old one.

Finally, polarization should change if an additional parsmters the population.
If this person earns a middle class income, then the portiggeople outside the
middle class decreases. Polarization should decreasd. this is a non-middle
class person, polarization should increase:

Postulate 9 (Poverty and richness growth)The polarization index rises if a poor
or a rich person enters the population.

Postulate 10 (Middle class growth) The polarization index decreases if a person
that belongs to the middle class enters the population.

The following theorem relates the definitions of polariaatindices from above to
some of these postulates.

Proposition 2 Every polarization index of the form (4) and (5) satisfiespbstu-
lates of

i) replication invariance andanonymity,
ii) zerofor incomesin [r, p] andfocus, if 1(0) = 0 andy»(0) = 0,
iif) continuity if 1 andy, are continuous,

iv) decreasing middle class interval and increasing spread outside [r, p] if ¥1
andy, are non-negative and strictly increasing,

V) increasing bipolarity outside [r, o] if ¥1 and y» is strictly increasing and
strictly concave.



The second question, whether we should use the usual p@rettsichness indices
or different kinds of indices, has already been answered by Thearéhe indices
of the form (5) satisfy the important postulates 1* and 2 oor and yrrich are
strictly increasing and strictly concave functions. Ehg tlifare functions of the
FGT indices forr € (0, 1) or the individual &luence function of the richness index
(3) for a € (0,1). But these indices are not the sort of indices usually eygal in
poverty measurement, since a progressive transfer betwegroor people should
decrease, not increase the poverty index. This shows adifésience between the
usual measures of poverty and our indices of polarizatioRelichl et al. (2010) we
discuss whetherfuence indices should have concave or convex funciigas.

4.2 New polarization ordering

For the new indices of polarization we have to define a mididsscinterval. This

is a disadvantage of our approach, but it also occurs in poweeasurement. The
remedy for this drawback of poverty measurement is a povandgring that is

uniform in poverty line, see Foster and Shorrocks (1988a,b)

Analogously, we define:

Definition 1 (Ordering uniform in middle class interval) Consider poverty lines
7 € [min, Tmax @and gfluence linep € [omin, Pmaxl» With Tmax < pmin, @nd an index
I1. For x andy € D define the polarization ordering

Y<mX
if II(y) < II(x) holds for all middle class interval§r,p] € M, with
M = {[n, p] [7mmax pmin] € [, p] € [Tmin, Pmax] }-

More applicable is the following weaker definition, where restrict ourselves to
a finite collection of nested middle class intervals.

Definition 2 (Ordering uniform for a nest of middle class intervals) Consider a
sequence of nested middle intervis, p1] D [72, p2] D ... D [, pn] @and an index
I1. For x andy € D define the polarization ordering

Y <[mi.pi] X

if TI(y) < I1(x) holds for all middle class intervalgr;, pi], i =1,2,...,n.
In Section 5 we illustrate the orderingy, ,,; with german data.

10



4.3 New multivariate indices of polarization

Sometimes it makes sense to consider more than one attriagtestudents are
mostly poor in income but rich in education. Do they belongntwidle class?
Probably many people would say so. So far there are only a &ers dealing
with multivariate polarization, see Gigliarano and Mog009a,b).

Let X = ((xll, o) (X - xnk)T) € R¥M pe the distribution of a popula-
tion with k attributes andh individuals.

The simplest way to consider more than one attribute is toutatle a vector of
univariate polarization indices. But then the above memtibstudent contributes
to both univariate polarization indicegh® is poor in income and rich in education
and therefore /Be does not belong to the income middle class and the eduacatio
middle class. But it may be sensible thatesdoes not contribute to the polariza-
tion index, because/lse will belong to the income middle class in future due to
education.

To cope with this problem we define multivariate indices i tsteps: First, we
have to define middle class region, see figure 3:

Figure 3: A middle class regiom.

Some observation are outside the middle class. Thereforteaweto evaluate the
situation of those people, in a second step.

This is done by calculating a somehow defined distai{gg M) between the in-
dividuumi and the middle clasaM. Now we are able to define multivariate polar-
ization indices analog to our univariate polarization aedi (4):

00 = 1 37 o M), ©

11



wheref : R, — R, is a continuous, increasing and concave function, (@) =

0. Since the distance to the middle class in general is natdeml; we could use
increasing and concave functidnthat maps on [0l] to guarantees a normalized
index¥.%

The easiest example of a multivariate polarization indeis the proportion of
people not belonging to the middle clas$ the head count:

1
Pre(X) = 2 D Lo, e ™
i

Analogue to the univariate case, we can define multivariatarization orderings
for a nested sequence of middle class regions.

pat . pz-J Lpz-- -
M

2 M3

Mt e 2

T P1 T P1 T P1

Figure 4: Diferent middle class regions{;, M, Ms.

We illustrate our multivariate indices with some exampleigjure 4 shows three
simple examples of middle class regioh$, i = 1,2, 3. Middle classM; includes
all people that belong to all univariate middle classes i€ p1] and [ro, p7] re-
spectively. M5 includes all people that belongs to at least one univariatkle
class. Finally, all people belong to the middle clads, if they are neither poor in
both attributes nor rich in both attributes. Of course we itaagine many other
middle class regions, but we restrict ourselves to this taidlhsses, since the fol-
lowing calculations will be complicated otherwise.

The choice of the middle class region and multivariate independs on the fact
whether the attributes are substitutable or complemertagy if the attributes are
substitutable, then a low value in one attribute is compeashy a high value of
another attributé.

5See our detailed discussion in Peichl et al. (2010), whetistances to the richness line should
be evaluated with convex or concave functions.

5For multivariate poverty measurement see e.g. the papeBoofguignon and Chakravarty
(2003) and Tsui (2002).

12



To evaluate the situation of non middle class people in thtierent situations,

let
_ J min{lx-al,[x-bl} if x¢ [ab],
d(x [a.b]) ‘{ 0 if x € [a, b]

be the distance between a numkemnd an intervald, b]. To calculate the distance
betweenx; = (X1, ..., Xx) and My we use thd_; norm:

k
dexi, My) = D d0xj [, o))
=1

For M, we calculate
d(xj, Mp) = mjin(d(xij s eil))

and for M3:

minj(zj — %;j) if X € (=00, 1) X (=00, 72),

d(Xi,M3) = minj(xij —pj) if Xj € (pl,oo) X (pz,oo),
0 otherwise.

The next section will illustrate the new indices and ordgrin

5 Polarization in Germany

An advantage of the new indices is, that they allow us to wtdad polarization as
a combination of poverty and richness measures. With theEFS@erman Socio-
Economic Panel) data we analyse now whether the new inderésrm at least as
good as the common measures of declining middle classheeMang and Tsui
(2000) index.

5.1 Data

The GSOEP is a panel study of private households in Germautg gi984. We
use the “cross-national equivalent files” (CNEF) of GSOHPthese files for each
year a variable “household post-government income” (tb#rs to the previous

"The data used in this publication are provided by the CrostseNal Equivalent File (CNEF)
project at the College of Human Ecology at Cornell Univegrdthaca, N.Y.

13



year incomes) is already calculated. We divide this houseincome by a factor
that is calculated with a modified OECD equivalence scate 1i.0 for household
head plus 0.3 for each child younger than 15 years plus Odsaftir other household
member, to obtain a personal equivalence income.

For more information on the GSOEP see Haisken De-New an# E2@05) and
for further information on the CNEF see Lillard et al. (2008)

5.2 Univariate polarization indices

Firstly, we calculate the relative Wang and Tsui indigXx) with y(y) = y*°. We
decompose itin
Pr(x) = Ya(x) + ¥2(X) + ¥3(x),

where®1(x) := £ iy crs ¢(| ’“;&X) |) is the part of polarization that comes from

the middle class¥(x) := %quw( Xi—m(x)

% Zi:)q>p 1 (| XE[&()X)

) from the poor and¥3(x) =

m(x)

) from the rich.

0.6 p

r "1’3
05
0.4 -
0.3

0.2 A1

0.1 - v,

year

1989 1994 1999 2004

Figure 5:%;, with y(y) = Yy for Germany, with contributions of middle class
(Y1), poor F,) and rich I¥3).

Figure 5 shows that most of the polarization (betweds# @Gnd 061) is obtained
from the incomes in the middle class (betweeB60and 039) and this amount
is nearly constant, therefore we do not take this amountastmunt. A smaller

14



amount that includes most of the variation comes from thenres outside the
middle class (0.16 to 0.2%5).

0.25

s tark Ruc
0.20
0.15
0.10 - Puc
0.05

T T T T year
1989 1994 1999 2004

Figure 6: Proportion of poorRyc), rich (Ryc) and the Stark indexIsark) for
Germany.

We find this enormous change in income distribution alreddyei look at the
percentage of people outside the middle class, i.e. thé 8tdex? This index
increases from 20% in 2001 to 27% in 2006, since for the saues yiee percentage
of poor increases from 14% to 18% and the percentage of rich #% to 9%, see
Figure 6 (and Table 4 in the Appendix).

We observe similar results for another index of our classew¥ polarization in-

dices, K oy 1 . )\
et = 22 T3 () )

::HPOOf(x) —-[1rich (X)

with a1, a» € (0,1).1°9 See Figure 7 (and Table 5 in the Appendix) for the results
for a1 = ap = 0.5.

The next step is to investigate how changes in the incomegtditon will be rep-
resented by dierent choices of individual illfare andfauence function, e.g. for

8See Table 3 in the Appendix for the numerical results.

°Note that the "inequality” index of Stark (1972) is alreadyeoof the new kind of polarisation
indices.

1%We use the same poverty and richness lines as in Peichl etCdI0), i.e. 60% and 200% of
median income.
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Figure 7: New indeXIgs o5 for Germany.

differenta; anda; in TIS)* and I, respectively; see Table 1. We find smallest

a2

relative variation fof1">% | (from 0.103 in 1986 to 0.157 in 2006, i.e. 52.4 % rise)

and largest relative variation fét" o ; (from 0.035 in 1986 to 0.061 in 2006, i.e.
74.3 % rise). Foﬂggh with @ = 0.1, 05 and 09 we find a 62.0, 60.9 and 69.2
% rise, respectively. If we use these poverty afitlance measures to construct
polarization measures, we find the smallest relative ris€liQ o5 (from 0.126 in
1986 to 0.194 in 2006, i.e. 54.0 % rise) and @101 (from 0.147 in 1986 to
0.228 in 2006, i.e. 55.1 % rise). The largest rise is obtafioedlpg s (69.0 %)
andIlpgp9 (75.0 %). Therefore we are able to construct indices that pakerty
or afluence more or less into account. This depends on ethicainedts whether
the polarization that occurs due to the poor or due to theisichore problematic

for society.

5.3 Polarization Ordering

We also defined a new polarization orderirg; ,;: Now we calculate polariza-
tion I1y,-05.4,-05 for the years 1986, 1996 and 2006 for middle class interval
[7i, pi] with 77 = 0.4+ 0.01-i andp; = 2.4 — 0.02- i times the median income,
i=012...,40,i.e.[04,2.4] o [0.41,2.38] o ... D [0.8,1.6]. Figure 8 shows
that x1986 </, 1 x199% <. 1 x?908 We detect that that for each of these middle
class intervals polarization is higher in 1996 than in 19B@is is of course not
surprising, since Germany was reunited in 1990. More istarg is the enormous
increase of polarization from 1996 to 2006.
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a,az2=.1 ai,a2=5 aj,a2=.9

ny 0.103 0.056 0.035
1986 IIfch 0.044 0.023 0.013
Moy 0 0.147 0.78 0.048
ny 0.116 0.069 0.046
1996 IIfCh 0.053 0.027 0.015
Moy 0 0.170 0.096 0.061
nh 0.157 0.093 0.061
2006 17" 0.071 0.037 0.022
Moy 0 0.228 0.131 0.084

Table 1:11,, o, for variousas, a.

Hos05
20% |- 199
200
10% +
1
| 1 1 | — |
0 10 20 30 40

Figure 8: Polarization orderingj, ,,, with 7j = 0.4+ 0.01-i andp; = 2.4—-0.02- i
times the median income= 0,1, 2,...,40.

5.4 Multivariate polarization indices

In this section we illustrate the new multivariate polati@a indices by the follow-

ing example. Consider a person with an average income. Diepdrson really
belong to the middle class? Jfre works an average time to gain an average income
we would say so. But maybeghe works only a few hours per month, or — proba-
bly more realistic — e works many hours overtime to reach an average income.
Unfortunately in each case the person would belong to middies in univariate
measurement (regarding income).
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Therefore, as a multivariate application we investigateleged (part time and
full time) single person households ohlyand use the variables "household post-
government income” and "annual work hours of individdal’As mentioned above,
we do not only focus on income and take the working hours intmant, we de-
fine the middle class by all people who work an average timgtgain an average
income. This is done because of the following normative ifigations: A person
has to gain an average income to belong to the middle clasgdver ghe will not
be included in the middle class, jfre either has to work overtime or to work only
a few hours to receive an average income, because these pet@ither belong
to the poor or the rich, if they do average hours of work. Tfaeeewe use middle
classM;.13 The multivariate polarization measure (6) fify) = y°° is:

P00 = T 3 (06, M)

Let poverty and filuence lines be 60% and 200% of median income and 75% and
125% of median hours of work. Figure 9 shows the middle clag®on and a 25%
sample of data of 2006.

hours of work

26291 K -
. ‘t:?f j”;‘:‘::‘
15771 =
li.
4 : income
10526 35086

Figure 9: Middle class region and 25% sample of data of 2006.

Table 2 shows the results for several years. Obviously tivatiate polarization in-
dices sometimes show the same development (compare 192®@hpand some-

; i kh
times they do not (compare changesIHfo1'® and I8¢ '°“"* between 1986 and

1991, or oflIN¢eMe andIT)2khoUrShetween 1986 and 2006).

1INote, this example is only an illustration for multivaridtelices, because there are only few
observations available (e.g. 582 in 1986).

2For more information on this variables see Lillard et al.q@p0

3Note that diferent normative specifications would lead to other middisskegions.
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1986 1991 1996 2001 2006

median income 15566 17684 16617 16709 17543
median work hours 2078 2078 2078 2078 2103

niggg?‘e 19.6 202 205 237 232
HVSVC;;EK ours 341 328 360 397 300
Whc 416 409 435 471 427
Ieome 100 93 97 119 114
[Tgerkpours 165 146 158 200 154
¥t 215 215 222 272 247

Table 2: Multivariate ¥, ¥ A1,) and univariate indices (in %).
6 Concluding remarks

In this paper we defined new polarization indices that sasisferal important pos-
tulates. In the univariate case, they modify the indices ahgvand Tsui (2000) and
in the multivariate case they provide an alternative to thgr@ach of Gigliarano
and Mosler (2009b), as we do not calculate the volume of thigimiclass region,
but the distances to the middle class region.

Now we are able to define polarization by poverty afiduance. Although the
poverty and eiluence indices do not correspond to the usual type, the coplaamn
that “society is more polarized, since the rich get richedt e poor get poorer,”
can be interpreted much better.

A result of the empirical illustration is an increase of p@ation in Germany,
especially in the years since 2000. The percentage of pabriaeh people (the
Stark index) increases from 18% in 1984 to 27% in 2006, i.airplgs of 50%.
This enormous change in the income distribution is not fulyble by a Wang and
Tsui type index, since people with income near the mediaitriboe heavily to
the index. Here the Wang and Tsui type index calculates dmiynges from 0.55
in 1984 to 0.61 in 2006. This is just a surplus of 11%. The nedexnshows this
change in income distribution more clearly; it increasesnfi0.08 in 1984 to 0.13
in 2006, a 64% surplus.

Different ethical judgments about changes in poverty and ckangfiuence can
be integrated into the measurement now, since the new mdiwe us the oppor-
tunity to take changes in poor person’s income and rich pe&gssncome more or
less into account.
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Polarization orderings allows us to state that polariraticreases from 1986 to

1996 and even more from 1996 to 2006 for several definitionsidfdle class
interval.

The illustration of a multivariate polarization index stowhat the multivariate

measurement may lead toffdirent results in comparison to the univariate mea-
sures.

Especially for multivariate polarization further resdais necessary: Firstly, a dis-
cussion on which postulates should be fulfilled, e.g. whigid kof progressive

transfer should increase multivariate polarization? Ardosdly, how can dis-

tances be calculated to more complex middle class sets?

7 Appendix

The following tables show the numerical results for the fégub to 7 in Section 5.

84 8 86 87 88 89 90 91 92 93 94 95

Y, 39 39 39 39 38 39 39 38 39 .39 .39 .38
Y, .09 .10 .09 .09 .09 .09 .09 .10 .10 .10 .10 .11
Y. .07 .08 .0r .0v .07r .07 .07 .08 .07 .08 .09 .09

Y, 55 56 55 55 54 55 55 56 .56 .57 .57 .58

9 97 98 99 00 01 02 03 04 05 06

Y, .38 38 .38 39 .38 .38 .37 .38 .37 .37 .36
Y., .10 .10 .10 .09 .09 .10 .11 .12 .12 .13 .14
Y3 .08 .09 .08 .09 .09 .08 .10 .09 .10 .10 .11

Y, 57 57 56 .56 57 57 59 59 59 .60 .61

Table 3:%,, with y(y) = y*° for Germany, with contributions of middle and non-
middle class.
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93 94 95

13
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13 12

12

12
6

12

13 13

6

13 13 15
7

6 7

Mstark 18

19 18

17

18 17

19 19

19 19 22

96

97

98

99 00 01

02

03

04

05 06

14
6

Phc
Ruc

13
7

13
7

12 13 14
7T 7 7

15

8

15

7 8

16

17 18
8 9

HS tark 20

20

20

19 21 20

23

23

24

25 27

Table 4: Proportion of poorRyc), rich (Ryc) and the Stark indexIIsari) for

Germany, in %.

84 85 86 87 8 89 90 91 92 93 94 95
Hgg‘:’r 57 59 56 53 56 56 56 63 6.1 62 63 7.2
e 23 25 23 22 22 22 24 25 23 25 29 28
Mosos 80 84 7.8 76 78 7.8 79 87 84 87 92 100
9% 97 98 99 00 01 02 03 04 05 06
Hg‘,%:” 6.9 66 65 60 61 68 76 76 81 85 93
me 27 29 27 28 30 27 32 31 30 33 37
Mosos 9.6 95 92 88 90 95 109 107 11.2 118 131
Table 5:I1,,-05.0,=05 for Germany, in %.
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