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Abstract

Most empirical studies on poverty consider the extent of poverty either for the
entire society or for separate groups like elderly people. However, these papers do not
show what the situation looks like for persons of a certain age. In this paper poverty
measures depending on age are derived using the joint density of income and age.
The density is nonparametrically estimated by Gaussian kernel density estimation.
Applying the conditional density of income to several poverty measures provides an
insight into the extent of poverty changes over the life cycle. Furthermore confidence
bands for the poverty age profiles were computed.
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� Introduction

One of the most important problems in the world today is poverty� Not only in the
developing countries but also in industrial societies like the U�S�A� or Germany poverty
endangers the well�being of people� It is an important duty of the government to �ght
against poverty� To examine the utility of actions against poverty� indices are needed
which measure the extent of poverty�

In the recent literature many proposals for poverty measures can be found� For an overview
see� e�g�� Seidl ���		
 or Scheurle �����
� but most of the papers only take into account
the whole society or particular groups� An interesting point� often missing in empirical
studies� is the dependence of poverty on age� i�e�� the poverty in the life cycle�

Rowntree �����
 found that poverty �uctuates over the life course� He noticed that labour
ers are particularly prone to poverty during childhood� in the early middle life and in old
age �see Rowntree �����
� p� ���
 and illustrates his result with �gure �� About a century
later Hedstrom and Ringen �����
 con�rmed the results of Rowntree for seven countries
and found two areas of poverty� childhood and old age� For their research they used seven
age groups with bounds ����� ����� ����� ����� ����� ����� ���
� They found that in
four out of the seven countries �including West Germany
 poverty rates follow a Rowntree
type of cycle� i�e�� the risk of poverty is highest in the youngest and oldest age groups�
The drawback of this classi�cation is that changes in the bounds of the periods of poverty
over time cannot be observed�

Figure �� Poverty in the life cycle

Source� Rowntee� B�S� ������� Poverty� A study of town life� p� �	�

The change of the periods of poverty can only be observed if age dependent poverty mea
sures are constructed� This will be done in this paper� It follows a line of research recently
used in the measurement of inequality and mobility �Trede �����
� Ger�n �����
 and Pud
ney �����

� The poverty age pro�les of Germany for the years ��	����� are computed�
The joint density of income and age is estimated via Gaussian kernel estimation and age
dependent poverty measures are created using the conditional density function� This pa
per evaluates point estimators and con�dence bands following a procedure introduced by
H�ardle �����
�
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The next section derives the kernel estimator and presents the poverty measures� Section
� describes the data and section � deals with the results� The last section concludes�

� The Tools

In this paper two sections of statistics are needed� First the estimation of a bivariate
density and� second� the measurement of poverty�

Before computing agedependent poverty measures� the joint density of the variables age
and income has to be estimated� Estimating the income distribution with parametric
methods concerns many technical problems �see� e�g�� Brachmann et al� �����

 even in the
one dimensional case� Besides� the recent literature claims that conventional parametric
models of income earnings distributions fail to reproduce some important features of the
true distribution �see� e�g�� Cowell et al� �����

� Therefore� a nonparametric method is
needed� multidimensional kernel density estimation� Let fX�A be the joint density function
of age and income� The Gaussian kernel estimator is �see Scott �����
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where ���
 is the pdf of the standard normal distribution� xi is the income belonging to
the i�th observation and ai the respective age� hX and hA are the bandwidths� Scott
�����
 gives the following rule of thumb for bandwidth choice in this case�

hk � �k � n
���� k � A�X ����


where ��k is the variance of k � A�X�

Note that the kernel estimator for the marginal density of age is
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So the estimator of the conditional density function of income is
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Measuring poverty in a society can be divided into two steps� First it has to be decided
whether a person is poor or not� A simple way to do this is �xing a threshold value� i�e��
the poverty line �say p
� Everyone with income lower than� or equal to� the poverty line
is poor� otherwise he or she will be called rich� This threshold can be an absolute value�
e�g�� the minimum amount of money which someone needs for living� or a relative value�
e�g�� ���� ��� or ��� of the mean� For an overview see Seidl ���		
� In this paper ���
of the mean is used as poverty line�

Next an index has to be created which measures poverty� Since the seminal article of Sen
�����
 three components of poverty are widely accepted �see Schaich �����

�
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�i
 the fraction of the poor

�ii
 the amount which is needed to lift the income of all poor to the poverty line� i�e��
the income gap

�iii
 the disparity within the poor�

Furthermore� Sen �����
 demands the independence of the poverty indices from the income
of the rich�

Schaich �����
 divides poverty measures into simple and complex poverty indices� Simple
measures ful�lls only one of the above mentioned properties� There are� among others�
the Head Count Ratio� i�e�� the share of the poor in the society

HCR � F �p
 �

pZ
�

f�x
 dx ����


where F ��
 is the distribution function and f��
 the density of income� The HCR only
ful�lls �i
� An index ful�lling �ii
 is the Income Gap Ratio� This function is de�ned as the
amount of money which is needed to lift the income of all poor to the poverty line divided
by the maximum income gap�

IGR �

pZ
�

p� x

p
dF � � ��

pR
�
xdF �

p
� ��

��

p
����


where F � denotes the cumulative distribution function and �� denotes the mean of the
income of the poor�

A complex index can be created as a function of the HCR� the IGR and a function
measuring disparity� i�e�� an inequality index� for the poor� A widely used function is

PI�F 
 � HCR�IGR� ��� IGR
Ipo
 ����


where Ipo is an inequality measure for the poor� Sen �����
 used this function with the
Gini�index� Other inequality indices could be the Atkinson measures
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or the generalized Theil measures
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�see� e�g�� Blackorby and Donaldson ����	� ��	�� ��	�

�
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the coe�cient of variation� a slight variation of ����
 is a member of the class of Foster et
al� ���	�


PCV �F 
 � HCR�IGR� � ��� IGR
�CV �
po
� �����


Blackburn ���	�
 also uses the Theil measure� But he de�nes his poverty measure as

PBL�F 
 � HCR�IGR� ln��� T �
po

� �����


To obtain poverty measures conditioned on age the distribution functions in the de�nitions
have to be replaced by the conditional distribution functions� i�e�� one has to replace the
pdf�s by the conditional pdf�s�

Estimators can be created by using the kernel estimator of the conditional pdf� Note that
using the marginal density produces the usual� unconditional� poverty estimator�

The con�dence bands are computed by a procedure which Trede �����
 used to evaluate
con�dence bands for mobility age pro�les� It goes back to a procedure derived by H�ardle
������ ch� ���
�

Let yi � �xi� ai
� i � �� � � � � n� be randomly drawn independent observations� Given the
yi one can estimate the poverty age pro�le for the di�erent indices cPI�a
 with PI�a
 �
HCR�F �xja

� IGR�F �xja

 or PI�F �xja

 respectively using ����
 and evaluate it at a
number of certain ages a� � �a��� � � � � a�m
� Since cPI�a
 is a random variable a con�dence
band of the entire function will give further information on the change of poverty during
the life cycle� To achieve this bootstrap procedures rely on resampling� Let y�i � i � �� � � � � n�
be a random sample uniformly drawn from yi� with replacement� Estimating the poverty
age pro�le for the y�i yields cPI��a
� This is repeated a large number of times� B � �����

say� giving B poverty age pro�les cPI�b � b � �� � � � � B� each evaluated at ages a�� LetcPI�����a�j
 � � � � � cPI��B��a�j
� j � �� � � � �m be the order statistic of the resampled
poverty age pro�les at age a�j �

The con�dence bands of the entire pro�les can be found by the following procedure �see
also Trede �����
 and H�ardle �����
� ch� ���
� De�ne the lower boundary

PIk�a�
 � �cPI��k��a��
� � � � � cPI��k��a�m



and the upper boundary

PIk�a�
 � �cPI��B�k����a��
� � � � � cPI��B�k����a�m

�

Obviously� no resampled poverty age pro�le leaves the area enclosed by PI��a�
 and
PI��a�
� Let k� be the largest integer k such that the proportion of resampled poverty
age pro�les lying completely inside the boundaries is greater or equal to �� � 

� The
lower and upper boundaries PIk��a�
 and PIk��a�
 constitute a ���

 con�dence band�

To compute the con�dence bands the WARP algorithm of H�ardle �����
 is used� More
details can be found in Trede �����
�
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� The Data

This paper examines the dependence of poverty on age in Germany in ��	� � ���� using
the German Socio�Economic Panel �SOEP
 data� The panel participants are interviewed
annually� the data are recorded on the household level as well as on the individual level�

The panel includes a large section on income and earnings in the preceding year� The
main respondent of a household is asked in each wave of the SOEP� �If you add all� What
is the total monthly amount of the household net income of all household members today�
Please report the monthly net amount� i�e� the amount after tax and social insurance�
Regular payments like aid for dwelling and children� student loans� alimony payments� etc�
add to the amount� In the case of �I don�t know�� please estimate the amount��

There are of course several drawbacks in this information� First� about ��� underestimate
their true net income� �see Rendtel et al� �����

� Second� the values are rounded� While
Rendtel et al� �����
 show that the �rst point is irrelevant when the poverty line depends
on an income distribution parameter� for the second aspect there is no solution known�
So it has to be taken into consideration when the results are interpreted�

The East German observations are not taken into account until ����� Before this year only
the sample containing the West German and the sample containing foreigners are used�
All observations with income less than � or missing age data are deleted� The number of
the remaining observations can be found in table ��

Table �� Number of valid observations

year n

��	� �����
��	� ��		�
��	� �����
��	� �����
��		 �����
��	� ����	
���� �����
���� �����
���� �����
���� �����
���� �����

The aim of this article is estimating the dependence of poverty of the German society on
age� For this purpose the welfare level of every person is needed� However� the variable
used is the net income of the household� So the household net income has to be transformed
to a personal income which contains the same level of welfare for every member of the
household� The economies of scale inside the household should also be considered� To
realize this conversion equivalence scales are developed� In this paper the scale of Buhmann
et al� ���		
 is used� which has a single parameter ��
� the elasticity of the scale rate with
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respect to household size� This equivalence scale is characterized by the following equation�

X �
HI

S�
����


where equalized income �X
 equals net household income �HI
 divided by household size
�S
 raised to the power �� Economies of scale can be thought of as a function of �� At
the one end� where � � �� scale economies are perfect so that a family of any number
of members can live exactly as well as a one person household with the same amount of
disposable income� At the other end� where � � �� no economies of scale exist and a
household of two requires twice as much disposable income as a household of one to reach
the same level of welfare� The equivalence income is the income which every person would
have if he or she lived in a one person household with the same welfare level as his or her
present family�

Burkhauser et al� �����
 computed � for di�erent equivalence scales used for Germany
and the U�S�A� The �o�cial� scale of Germany embedded in German public welfare law
�BSHG
 since ���� implies � � ��	�� From the ELES scale for Germany� developed by
Merz et al� �����
 follows � � ���	� Between these bounds the value of the international
experts scale can be found� This scale was developed by several analysts and used in various
studies undertaken on behalf of the O�ce of Economic Cooperation and Development
�F�orster �����
� Atkinson et al� �����

� as well as the Statistical O�ce of the European
Community �Hagenaars et al� �����

 and by Ruggles �����
� The elasticity of this scale
is � � �����

Although Burkhauser et al� �����
 found that overall inequality and poverty measures are
not sensitive with respect to the equivalence scale used� the scales yield di�erent results
when subgroups of the population� e�g all people elder than �� years� are considered�
Therefore� this study computes the poverty indices for the three values of � mentioned
above�

� The Results

Before the age dependent poverty measures can be computed� the joint densities and the
poverty lines have to be calculated� The poverty line in this paper is ��� of the mean
equivalence income� The values for the observed years and di�erent � are shown in �gure
�� The densities are estimated with formula ����
� In doing so ����
 is used to calculate
the bandwidths which can be found in table �� Both the poverty lines and the bandwidths
show a structural break in ����� this is due to the inclusion of the East German sample
which is taken into account since �����
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Figure �� Poverty lines for di�erent equivalence scales ��	������

Table �� Bandwidths for di�erent equivalence incomes ��	� � ����

year �

���	 ���� ��	�

hX hA hX hA hX hA

��	� �	���	 ���� ������ ���� ��	��� ����
��	� ������ ���	 ������ ���	 �����	 ���	
��	� ������ ���� ������ ���� ������ ����
��	� �	���� ���� ��	��� ���� ����	� ����
��		 �	���	 ���	 �����	 ���	 �	���� ���	
��	� ������ ���� ������ ���� �	���� ����
���� ����		 ���� ������ ���� ����	� ����

���� ������ ���� �		�	� ���� ������ ����
���� ����	� ���� ������ ���� ������ ����
���� �����	 ���� ������ ���� ������ ����
���� ������ ���� �����	 ���� �����	 ����

The joint densities for ��	� and ���� with � � ���� can be seen in �gures � and �� In
�gures � and � the in�uence of � is plotted� Obviously the density with � � ��	� is greater
in the lower part of the distribution and lower in the higher part than the density with
� � ���	� This is not surprising because the economies of scale at � � ��	� are lower than
at � � ���	� This means that the members of a household have a lower welfare level at
� � ��	�� Expressing this in terms of income� they have less income than in the case of
� � ���	� So the density with � � ��	� has a bigger tail at the lower end and a smaller
one at the upper end�
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Figure �� Joint density for income and age with � � ���� in ��	�

With the estimated joint densities the age dependent poverty measures can be computed�
But which measures should be calculated� Not only the simple measures HCR and
IGR but also some complex measures should be computed� Taking the behaviour of the
disparity measures into account there should be one with high sensitivity in the low income
area and one with high sensitivity in the high income area�

In this paper the Blackburn poverty measure with 	 � � is calculated� The Theil mea
sure is very sensitive in the upper area when its parameter is high �see Schmid �����

�
Calculating ����
 with the Theil measure and 	 � � permits to investigate the in�uence
of the di�erent functional forms of the poverty measures� To make available an inequality
measure with high sensitivity in the lower area� the Atkinson measure with � � � �see
Schmid �����

 is used in ����
� Furthermore the poverty measure based on the coe�cient
of variation as a member of the class of Forster is calculated� Notice that the Coe�cient
of variation is highly sensitive in the upper tail �see Schmid �����

�

With these indices the age dependent poverty levels as well as the overall poverty levels
are calculated� The overall indices can be found in tables � � 	� They are computed by
using the marginal density of income in the formulae of the poverty measures� The age
dependent poverty levels can be found in �gures � � �� and �� � �� for the years ��	� and
���� and for the remaining years in �gures �� � ��� They are computed up to an age of
	� years because above this age the number of observations is too small �between ��� and
�	�
 to give exact estimates for the poverty measures�

The constant lines in the �gures are the values of the overall indices� So it is possible to
compare these indices with the age dependent values� In �gures �� 	 and �� � �� the solid
lines mark the point estimates of the poverty indices and the dashed lines show the ���
con�dence bands� In �gures � � �� and �� � �� the solid lines show the values for � � ���	�
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Figure �� Joint density for income and age with � � ���� in ����

the dashed lines identify the values for � � ���� and � � ��	� is marked by the dotted
lines�

Table �� Head Count Ratios for di�erent equivalence incomes ��	� � ����

year �

���	 ���� ��	�

��	� ������ ������ ������
��	� ������ ������ ������
��	� ����	� ������ ������
��	� ������ ������ ������
��		 ������ ������ ������
��	� ������ ������ �����	
���� ������ ������ ������
���� �����	 ������ ������
���� ������ ������ ������
���� ������ ������ ������
���� ������ ������ ������
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Figure �� Di�erence of the joint densities with � � ��	� and � � ���	 for ��	�

Table �� Income Gap Ratios for di�erent equivalence incomes ��	� � ����

year �

���	 ���� ��	�

��	� ���	�� ���		� ������
��	� ������ ����	� ������
��	� ������ ������ ������
��	� �����	 ������ ����	�
��		 ������ ������ ����	�
��	� ������ ������ ������
���� ������ ������ ������
���� �����	 ������ ������
���� ������ ������ ������
���� ������ ������ ������
���� ������ ������ ����	�
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Figure �� Di�erence of the joint densities with � � ��	� and � � ���	 for ����

Table �� Atkinson Poverty Measures with � � � for di�erent equivalence incomes ��	� �
����

year �

���	 ���� ��	�

��	� ������ ������ ������
��	� ������ ������ ������
��	� ������ ������ ������
��	� ������ ������ ������
��		 ������ ������ ������
��	� �����	 ������ ������
���� ������ ������ ������
���� ������ ������ ������
���� ������ ������ ������
���� �����	 �����	 �����	
���� ������ ������ ������
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Figure �� Age�dependent Atkinson Poverty Measures for ��	� with � � ���	

Table �� Blackburn Poverty Measures with 	 � � for di�erent equivalence incomes ��	� �
����

year �

���	 ���� ��	�

��	� ������ ������ ������
��	� ����	� ������ ������
��	� ������ ������ ������
��	� ����	� ������ ������
��		 ������ ������ ������
��	� ������ ������ ������
���� ����	� ������ ����	�
���� ����	� ������ ������
���� ������ ������ ������
���� ������ ������ ������
���� ������ ������ �����	
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Figure 	� Age�dependent Atkinson Poverty Measures for ���� with � � ���	

Table �� Theil Poverty Measures with 	 � � for di�erent equivalence incomes ��	� � ����

year �

���	 ���� ��	�

��	� ������ ������ ������
��	� ������ ������ ������
��	� ������ ������ ������
��	� ������ ������ ������
��		 ������ ������ ������
��	� ������ ������ ������
���� ������ ������ ������
���� ������ ������ ������
���� ������ �����	 ������
���� ������ ������ ������
���� ������ ������ ������
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Figure �� Age�dependent Income Gap Ratios for ��	�

Table 	� Coe�cient of Variation Poverty Measures for di�erent equivalence incomes ��	�
� ����

year �

���	 ���� ��	�

��	� ������ ����	� ������
��	� ������ ������ �����	
��	� ����	� ����	� ������
��	� ������ ������ ������
��		 ������ ������ ������
��	� ������ ������ ������
���� ������ ������ ������
���� ������ ������ ������
���� ������ �����	 ������
���� ������ ������ ������
���� ������ ������ ������

Looking at �gures � � �� and �� � �� it is obvious that all age dependent poverty measures
show the same reaction when the age is changed� see� e�g�� �gure ��� Just the level of
poverty indicated by the single measures is di�erent� But here a de�nite ordering can
be found� The values of the Atkinson poverty measure are always the highest followed
by the Blackburn� the Theil and the Coe�cient of variation poverty measures� For the
di�erent � the curves of the di�erent poverty measures never cross� This can be seen�
e�g�� in �gure �� and� for the Atkinson poverty measure� in table �� In this table the
minimum and maximum di�erences between the single poverty measures of all years are
given� From this result it can be seen that there exists no in�uence on the measurement



Stich� Poverty and life cycle e�ects ��

Figure ��� Age�dependent Income Gap Ratios for ����

of poverty through the di�erent functional forms in the Blackburn and Theil measure or
the sensitivity of the di�erent measures in this research�

Table �� The minimum and maximum di�erences of all years between the Atkinson poverty
measure and the other complex measures

� Blackburn Theil CV

min max min max min max

���	 ������ ������ ������ ������ ������ ������

���� ������ ������ ������ ������ ������ ����		

��	� ������ ������ ������ ������ ������ ����	�

Furthermore� the functional form of the age dependent Head Count Ratios is very similar
to the complex poverty measures �see �gures ��� �� and ��
� Because of this similarity
of the complex poverty measures only the Atkinson measure is taken into account in the
sequel� Only the Income Gap Ratios show a slightly di�erent behaviour� They have two
signi�cant peaks� one at the age of �� and the other at the age of �� in ��	� and at the
age of �� in ����� These peaks can also be found in the complex measures but they are
much smoother than in the ICR�s�

One of the interesting points is whether the curve of the age dependent poverty measures
lies beneath the overall index or not� This question can be answered for the HCR and the
complex poverty measures in the same way because the points of intersection have almost
the same age coordinates� These only di�er with the change of � and a little bit over time�
For � � ���	 the age dependent poverty measures are lower than the overall index from an
age around �� years until an age of about �� in the years ��	� to ��	�� Then the upper
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point is located at an age of about �� years� With � � ���� this area has a range of ��
to �� years until ����� In recent years the upper bound decreases to �� years� Only in
���� it changes to about �	 years� The widest range can be found with � � ��	�� here
the lower point is at �� years and the upper at 	� years� This is true until ��		� Then
the lower bound changes to �� years� The age dependent ICR�s show a range of �� to ��
years� Only in ���� a slight movement to the younger people can be found�

Looking at the con�dence bands a similar picture can be found� The bands of the complex
measures and of the HCR behave in the same manner� Therefore� only the con�dence
bands for the Atkinson Poverty Measures in the years ��	� and ���� are plotted �see �gures
�� � ��
� From this �gures it can be seen that people in middle life are signi�cantly richer
than the rest of the society and that people in young age �in ��	� with � � ����� ��	� and
in ���� with � � ��	�
 or old age �in ��	� with � � ���	� ���� and in ���� with � � ���	

are signi�cantly poorer�

All �gures support the thesis that middle aged people are relatively well o�� This result
is not very surprising� In this age class are those people who are wello� due to their long
time in job� Furthermore� the people who had studied are working now and so earning
more money� The class ends at an age of about �� years� At this age in Germany many
people retire� From now on they only get pension which is less than their last income� If
the do not have some private oldage pension they become much poorer in the following
years� Furthermore with � � ���	� ����� all complex measures show the Rowntree type
of cycle� i�e�� higher risk of poverty in childhood� early middle life and old age� This
conclusion cannot be drawn with � � ��	� where the risk of poverty is very high in young
age while it is low in old age� This e�ect can be explained by the low economies of scale�
Older people live usually in small families� i�e� one or two persons in a household� Here
the absence of economies of scale decreases the welfare level not so much as in bigger
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Table ��� The minimal and maximal deviation of the age dependent Atkinson measures
of all years

� minimum maximum

���	 ������ �������
 ������ �������


���� ������ �������
 ������ ���		��


��	� �����	 �������
 ������ �������


The values in brackets are the relative minima and maxima� i�e�� the minima and maxima
of the di�erences divided by the overall index�

Looking at tables � � 	 it can be seen that poverty is falling from ��	� to ����� Like
the age dependent indices the complex overall indices show a similar behaviour over the
years� Between ��	� and ���� poverty �uctuates a little bit so that no straight decrease of
poverty can be found� Obviously the degree of poverty increases with increasing � because
the economies of scale decrease and so more people� especially in big families are poor�
The same conclusion is valid for the overall Head Count Ratios�

� Conclusion

Calculating age dependent poverty measures for Germany reveals that poverty decreases
with increasing age until an age of around �� years and then increases� This is in coinci
dence with a priori knowledge about the development of poverty over the life cycle� The
di�erent poverty measures behave all in the same way� Their poverty age pro�les lie in the
same ranges above or below the overall measures� Only the degree of poverty is di�erent�
This can bee seen for all years from ��	� to ����� This conclusion cannot be drawn for the
di�erent equivalence scales� Although all measures react equally for a �xed � the single
measures show di�erent behaviour for di�erent �� Because of this the equivalence scale
should be chosen carefully� whereas the computation of one complex poverty measure is
su�cient to estimate the life cycle e�ect of poverty�

Astonishingly� about a century after the research of Rowntree �����
 the same cycle of
poverty can be found� This means that the industrialization� development and social
policy which took place during the last �� years did not essentially change the age pro�le
of poverty�
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