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Preface

The twentieth century brought a lot of change for welfare economics that resulted in a
profound transformation of poverty measurement. It began in the nineteen-thirties and —fifties
when two waves of severe criticism concerning the comparability of individual utilities posed
a serious threat to the long history of utility-based welfarism. For a transitional period the
income approach moved into the centre of traditional theory. Though mostly considered as a
mere placeholder until a new theory of welfare economics would take over, it should become
the main approach to poverty measurement.

The situation changed with the development of the capability approach from the
nineteen-eighties onwards; the first approach that actually had the potential to establish a new
theory of welfare economics. The new approach made capabilities and functionings, i.e. what
persons are actually able to do and be, the subject of analyses rather than economic resources
or utility. Poverty under this approach is the failure to achieve a minimum set of central
capabilities needed in order to be able to pursue whatever one has reason to value in life. This
definition already indicates the approach’s inherent respect of individual freedom and
responsibility that makes it especially intriguing. The latter, however, becomes most obvious
in the case of inequality.

The objective of distributive justice within the framework of the capability approach is to
remove inequality of opportunity in order to create a level playing field that enables every
individual to pursue whatever he or she has reason to value. Inequality of choice or effort is
explicitly excluded. The clear distinction between the two types of inequality acknowledges
the tension between distributive justice and efficiency, the objective of the latter being the
expansion of the overall capability set available in a society. This distinction, though crucial,
is seldom made in welfare economic theory.

Despite all its strengths, the capability approach faced a lot of resistance, mainly due to
the fact that it replaces the subject of analysis, utility or income, with a set of subjects that are
all measured in different units. Thus, a lot of scepticism was raised with regard to its
operationalisability which obviously required a multidimensional approach. However, the

initial resistance weakened over time. By now, new multidimensional indices are proposed on
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an almost daily basis. Interestingly, the new multidimensional approach is not only utilised to
operationalise the capability approach, but also traditional welfarism. It seems that due to the
sudden availability of the new multidimensional measures the latter experiences a rather
unexpected resurrection.

The main objective of this volume is to analyse in how far the decision to define and
measure poverty in terms of one of the three main theories of welfare economics that define
well-being either as 1) happiness (traditional welfarism), ii) opulence (income or expenditure
approach), or iii) capabilities and functionings (capability approach) affects the empirical
evaluation of poverty and poverty trends.

However, in order to be able to do so, a methodological weakness inherent in the current
multidimensional approach to poverty measurement has to be addressed first. As mentioned
before, one of the main strengths of the capability approach is that it explicitly accounts for
the tension between the two concepts of distributive justice and efficiency (Sen, 1992, pp. 7-
8):

‘But equality is not the only social charge with which we have to be concerned, and there are
demands of efficiency as well. An attempt to achieve equality of capabilities — without taking
note of aggregative considerations — can lead to severe curtailment of the capabilities that
people can altogether have. [...] Indeed, it will be argued that the import [sic!] of the concept
of equality cannot even be adequately understood without paying simultaneous attention also

to aggregative consideration — to the ‘efficiency aspect’ [...].’

One could easily consider distributive changes that are just but not efficient and vice
versa.! Nevertheless, in the current approach to multidimensional poverty measurement, this
crucial difference is not made: inequality between poverty dimensions is generally treated as
association sensitivity, thus reducing the concept of distributive justice to a mere analysis of
how efficient poverty deprivations are distributed among the poor.

The first two essays of this volume are dedicated to overcome this methodological

weakness. Starting point is the suggestion to define inequality between dimensions more

' As a simple example consider the distribution of six pairs of shoes between two persons. Initially, person 1 has
five right shoes and one left shoe, whereas person 2 has one right shoe and five left shoes. Since left and right
shoes are perfect complements, both persons are able to wear exactly one pair of shoes. This situation satisfies
the concept of distributive justice. However, it is obvious that it is far from being efficient: through a simple
switch of shoes both person could have three pairs each — a situation that still satisfies the concept of distributive
justice. On the other hand, a switch of shoes that leaves person 1 with one right and one left shoe and person 2
with five right and five left shoes would satisfy the concept of efficiency but would violate the concept of
distributive justice.
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holistically as the association-sensitive spread of simultaneous deprivations across the
population.

The first essay deals with the operationalisation of the extended definition of inequality
between dimensions in the case of ordinal poverty indices. It introduces a new property called
“Sensitivity to Inequality Increasing Switch (SIIS)” that conditions the extent to which an
inequality increasing switch increases poverty on the relationship between poverty
dimensions. The new property is utilised to derive a new class of multidimensional poverty
indices that is unique in the sense that it is the first class of additive poverty indices that is
able to account for inequality as well as association-sensitivity.

The second essay does essentially the same with regard to cardinal poverty indices. It
introduces a new property called “Inequality Sensitivity (IS)” that basically requires poverty
to increase (in the case of substitutes) or to decrease (in the case of complements) if an
association increasing switch between two poor individuals comes at the expense of the
poorer of the two. Again, the new property is utilised to derive a new and unique class of
multidimensional indices that, though additive, is able to account for both inequality within
and between poverty dimensions on one hand and the relationship between poverty
dimensions on the other.

Once the methodological weakness has been corrected, the third essay uses the rich data
source of the German Socio-Economic Panel in order to propose a new (ordinal)
multidimensional poverty index for Germany that is based on the capability approach, the so
called German Correlation Sensitive Poverty Index. It also introduces a multidimensional
happiness index, the Subjective Correlation Sensitive Poverty Index, that is based on
traditional welfarism and is derived from a satisfaction-based self-evaluation of different
poverty dimensions. Finally, the official poverty measure of Germany, i.e. the at-risk-of-
poverty rate, defined as 60 per cent of the median net equivalence income, is calculated as a
representative of the income approach. All three indices are compared across dimensions,
regions and over time, and the results seem to indicate one thing above all: the significant
differences in the evaluation of poverty and poverty trends induced by the different indices
and the high added value that is created through the operationalisation of the capability

approach.



Acknowledgements

This thesis would not have been possible without the support of many persons who
contributed in one way or another to its completion.

First and foremost, I want to thank my supervisor Professor Stephan Klasen for giving
me the opportunity to write this thesis as an external PhD student. I am well aware that this is
something not many professors would be willing to do as it means a lot of work while getting
little in return. I decided to approach Stephan Klasen because of what I knew about his
excellent scientific reputation but I got much more than I expected. It never ceases to amaze
me how he skilfully managed to give me all freedom to do my own research and follow my
ideas while at the same time providing the best possible support whenever needed. I am more
than grateful.

As well, 1T would like to express my deepest thanks to my second supervisor Junior
Professor Sebastian Vollmer for carefully reading and commenting on several revisions of my
writings. This thesis benefited greatly from his insightful comments and constructive
criticism, and his practical advice and kind encouragement were a great support especially at
the final stage of the work.

My heartfelt thanks also go to my colleagues at the German Development Institute,
especially Tilman Altenburg and Markus Loewe, for understandingly releasing me from
tedious tasks and for patiently enduring me in stressed mood. I could not imagine a better
working atmosphere.

I am also very thankful to Sabina Alkire, Eva Jespersen, Stephan Klasen, and Peter
Krause for facilitating my research stays at the Oxford Poverty and Human Development
Initiative, the Human Development Report Office, the University of Gottingen, and the
German Institute for Economic Research, respectively, as well as, of course, their whole staff.
My research benefited greatly from the deep knowledge that they readily shared and their
openness and friendliness made the resarch stays an experience that I will always treasure.

I also wish to thank the many scientists who helped me with their valuable comments and
suggestions all along the way, in particular Valérie Bérenger, Florent Bresson, Satya

Chakravarty, Conchita D’ Ambrosio, Markus Grabka, Ortrud LeBmann, Milorad Kovacevic,



ACKNOWLEDGEMENTS ix

Jacques Silber, Subbu Subramanian, Suman Seth, Maria Emma Santos, Casilda Lasso de la
Vega, Gaston Yalonetzky and several anonymous referees.

In addition, I would like to thank the participants of the following conferences for their
helpful comments and suggestions: the Human Development and Capability Association’s
annual conference (Amman, 2010; The Hague, 2011; Jakarta, 2012), the Fourth Meeting of
the Society for the Study of Economic Inequality (Catania, 2011), the OECD Universities’
Joint Economics Congress: New Directions in Welfare II (Paris, 2011), the Research
Committee of the German Economic Association on Development Economics’ annual
conference (Bonn, 2012), and the 32" International Association for Research in Income and
Wealth conference (Boston, 2012).

The financial assistance of the German Federal Ministry for Economic Cooperation and
Development is gratefully acknowledged.

Last but in no way least, I am most grateful to all my friends, in particular Mario,
Andreas, Julia, Jimmy and Josefa, whose readiness to listen was a great support especially
during the hard times. I also want to thank my wonderful family, in particular my
grandparents and parents, who always believed in me and continuously encouraged me to
reach higher. Finally, my deepest thanks go to my husband whose love gave me stability and
carried me through times of crisis. Without his continuous support I could not have done any

of this.



Contents

LSt Of ADDIE@VIALIONS .......ucneeoneeinninineinniriessinininsssssssssssssssssssssssssssssssssssssssssssassssssssassssssssassns xi
LISt Of FIGUIES «.nneneeeneencneencneincneinssnessssassssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssss xiii
LISt Of TADIES ..nneneeneeeennneincneincneiecnessssnenessnessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss xiy
TRIPOAUCHION .......eenneeneaannennninneinineieeseecsctssstsssssssassssssssassssssssssssssssssssssssssasssssassasssssassassnns 1
1  Efficiency and Distributive Justice in Ordinal Poverty Indices .....................cceuueenee.... 13
1.1 Introduction 13
1.2 Theoretical Background 15
1.3 The Aggregation Step 19
1.3.1  The FUzzy Set APPrOach ........coiiiiiiiiiiiiiiiiiieneeteeee ettt sttt sbee s 19

1.3.2  The Distance Function ApProachi..........cccccocueriiriiniiiiiiniinienieneeeeee ettt 20

1.3.3  The Information Theory APProach ..........ccocceveeriiniieiiiniiinienteneeeeeee ettt 22

1.3.4  The AXiOMAtiC APPIOACK ...c.viitiiiiiiiiieiie ittt ettt st e et e e eaeesbaesbeens 23

14 Correlation-Sensitive Poverty Indices 27
1.5 Poverty in India 33
1.6 Conclusions 38

2 Efficiency and Distributive Justice in Cardinal Poverty Indices .....................cccuuee.... 40
2.1 Introduction 40
2.2 Theoretical Background 42
23 The Axiomatic Foundation for Cardinal Poverty Measures 45
24 Inequality-Sensitive Poverty Indices 52
2.5 Empirical Application 58
2.6 Conclusions 61

3 Operationalising the Capability APPIOACH..............c.eeeeveueivevvreererecnnerenseeressesssssessssnes 63
3.1 Introduction 63
3.2 Theoretical Background 66
33 The Axiomatic Foundation and Decomposition 68
34 The German Correlation Sensitive Poverty Index 71
3.5 Empirical Application 83
3.6 Conclusions 95
BIBlIOGIAPIY ....ee.neeeeeneneanneieinenninennenenssssesssnssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssns 97
APPCORAIX I ...aunnaaannnaeeeeeeccreecceeecseeecsseessaeesssseesssssssssssessssssssssesssssassssessssssssssssssssasssssssssnans 103
APPCORAIX 2 A ...aaaeeeeeeeeeeceeecceeecseeecssescsasessssesssssssssssssssssssssssesssssasssssssssassssssssssssssssssassnans 106
APPEORAIX 2 B ...cauneeeeneeereeircceininesscssssssassssssesssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssns 110
APPEORAIX 3 A c..oeaaeeeeeieeereceinineieiseiscsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssses 113

APPEIAIX 3 B ....anaoneeiniieiiiiieistecissstsesetsstsessssssssssssssssssassssssssassssssssassssssssasssssassasssssans 115



List of Abbreviations

ALEP
AN
BMI
CSPI
CLI
DIE
DIW
DHS
EPC
FD
FGT
GCSPI
GE
GSOEP
IS

ISPI
IT
MDG
MPI
MN
NDA
NIA
NIPA
NM
OPHI
PP
SCSPI
SD

Auspitz-Lieben-Edgeworth-Pareto

Anonymity

Body Mass Index

Correlation Sensitive Poverty Index

Composite Living Index

German Development Institute

German Institute for Economic Research

Demographic and Health Surveys

Equality-Promoting Change

Factor Decomposability

Foster-Greer-Thorbecke

German Correlation Sensitive Poverty Index
Generalized Entropy

German Socio-Economic Panel

Inequality Sensitivity

Headcount

Inequality Sensitive Poverty Index

Information Technology

Millennium Development Goals

Multidimensional Poverty Index

Monotonicity

Nondecreasingness under Association Increasing Switch
Nonincreasingness under Association Increasing Switch
Nonincreasingness under Pareto-efficient Association Increasing Switch
Normalization

Oxford Poverty and Human Development Initiative
Principle of Population

Subjective Correlation Sensitive Poverty Index

Subgroup Decomposability



Xii

LIST OF ABBREVIATIONS

SF

SI

SIIS
UM
UNDP
USAID
WAI
WHO

Strong Focus

Scale Invariance

Sensitivity to Inequality Increasing Switch
Uniform Majorization

United Nations Development Programme
U.S. Agency for International Development
Weighted Asset Index

World Health Organization



List of Figures

Figure 0.01 Transforming Economic Resources int0o ULty ..........cocccoverviriiiniiniicniinienieeieeeeenaeens 4
Figure 0.02 Capabilities nd FUNCIIONINGS .........ccccovuieiueiiiiiieitenie ettt ettt ettt st 7
Figure 1.01 Existing IdentificAtion MetROQS ...............ccccovveirouiriiriiiiiiiniieiinieeieeeeesee et 18
Figure 1.02 The Correlation Sensitive Identification Method...................cccccoeerveeeviinieenicnicnnucnnncnn. 28
Figure 1.03  The Structure of the MPL..............ccccooviiiiiiiiiiiiiiiiiieeeteteste ettt 34
Figure 1.04 Indian Poverty Maps according to MPI and CSPI ............ccccoooovviiiiiieinieeniinienieeen, 38
Figure 2.01 The Correlation Sensitive Identification Method...................cccccoverveerveinieenicnncrcuennncnnn. 44
Figure 2.02 Pareto-Efficiency and Association Increasing SWitCHes .............ccocceevceevceenceiniecnienncnn. 49
Figure 2.03  The Structure Of the ISPL.............cocooiiiiiiiiiiiiiiieeeeeteteste ettt st 59
Figure 3.01 The Structure of the GOSPI .........cc.cociiiiiniiniiiiiiiiiieieeeiteeeeeeee ettt 80
Figure 3.02 Sum of Missing Values 2002-2010............cc.cocervuereiroeriieniineinienieeieesteenieenee e 82
Figure 3.07 Headcounts AROPR and GOSPL............cccocoiiiiiiiiiiiiiiiieiieieee ettt 86
Figure 3.08 Headcounts GCSPI, SCSPI and AROPR Germany 2010 ............ccocccoveeveenecniucrccnnncnn. 87
Figure 3.09 Development of Economic Figures Germany 2002-2010............ccccccoveeveeneenvecreuennncnnn. 88
Figure 3.10 Different Poverty Paths in Germany 2002-2010 ............ccccooeevouinveinvenseinieenienienieeieen, 90
Figure 3.11 German Poverty Maps AROPR 2002-2010 ..........cccccoooeeiiiiiinoiiiiiniiiieeseesee e, 91
Figure 3.12 German Poverty Maps GCSPI 2002-2010...........ccccccoeueenieiiiiiiiieaeiieenieeeieeesieesiee e 92
Figure 3.13 German Poverty Maps SCSPI 2002-2010 ..........ccccoueeiieiniiiniiiiiieeeiieenieeeiee e 92
Figure 3.14 Development of Dimensional Decompositions 2002-2010 ..............cccocceevoeenceenceernuennncnnn. 93
Figure 3.15 Dimensional Decomposition of GCSPI 2010..............ccccccoveimuinninninsiineeneenecneeeeeeane 94
Figure 3.03 Frequency Distribution Satisfaction with Health .................cccccoeevvcvvinvenninneencenneens 113
Figure 3.04 Frequency Distribution Satisfaction With WOrk..............ccccccuvveevveioiinvinscnnenneeneenen, 113
Figure 3.05 Frequency Distribution Satisfaction with HOUSING .............cccoceeevveeiiinoiinsiiniineeneenens 114

Figure 3.06 Frequency Distribution Satisfaction with INCOMe.................ccccccoveveevvinvensinseeneeneens 114



List of Tables

Table 1.01 Axiomatic Foundation of Selected Ordinal Poverty Measures ...............ccccuceevcucreucnencnnn. 31
Table 1.02 A Comparison of Five Indian Households (DHS 2005) ..........ccccccvueeeviencieecirenieeeereeanens 34
Table 1.03 Poverty Rates and Decompositions Selected Indian States.............c.ccceevceeveceeenceenienanne. 35
Table 1.04 The CSPI and Selected Decompositions for India (DHS 2005) ..........cccooveeevceienceeniennnnn. 36
Table 2.01 Axiomatic Foundation of Selected Cardinal Poverty Measures .............cccueevuvercreeeerenanne. 55
Table 3.01 Spearman Rank Correlation Equal and Prevalence Weights ............ccceveueeceeeecreeeerennnne. 82
Table 3.02 Kendall Tau b Correlation all DImMERSIONS ...........cccceeeeueeniieieiiiinieeeiieesieeeieeesaeesiee e 84
Table 2.02 Decomposition FGT ISPI 00 = 1.5 ...c...ooooiieeeieeeeeeee ettt etee e eeveesssaeens 110
Table 2.03 DecomposSition FGT ISPI 00 = 2 ......c..ooeeeeieeieeceeeeeeeeeetee et sveesvee e vaesseesnveesnseeens 111
Table 3.03 GCSPI Decomposition 2002-2010 .............cocueeiuieiieiriieiniieeiteeeeeesiteeniteesieessieee e ens 115
Table 3.04 AROPR Decomposition 2002-2010.............cccceeiueeeeeiriieiniiieeiieenieeesieeeniteesieessieeesveeens 117
Table 3.05 GCSPI Decomposition 2002 (prevalence Weights) ...........ccoueeeveercreeeeieeesivrenereeesreesveeans 117
Table 3.06 GCSPI Decomposition 2004 (prevalence Weights) ...........cccevveeeeeeiriieeiniieenieeeiieenieens 118
Table 3.07 GCSPI Decomposition 2006 (prevalence Weights) ............cccouvuevneeiriiieiniueenieeeneeenieens 118
Table 3.08 GCSPI Decomposition 2008 (prevalence Weights) ...........ccoueecueeecreeeeveeesireencreeesveesisennns 119
Table 3.09 GCSPI Decomposition 2010 (prevalence Weights) ...........ccueecueeecreeeeveeeriveenereeesreesseenns 119
Table 3.10 GCSPI Decomposition 2002 (eqUal WEIGRLS).........co.ccovuerveiriuircuieeiiniiniiniereeeeeeeeenaeens 120
Table 3.11 GCSPI Decomposition 2004 (eqUal WEIGALS).........cccccovuerveiriirciiiiiiiniinierieeeeesieenaeens 120
Table 3.12 GCSPI Decomposition 20006 (eqUAL WEIGALS).........ccueecueeecreeecrieerrieeeieesveesereeesveesveeens 121
Table 3.13 GCSPI Decomposition 2008 (eqUal WEIGALS).........ccceovuereuiriirciraiiniiniinieeeeeeeesieenaeens 121
Table 3.14 GCSPI Decomposition 2010 (eqUal WEIGALS).........cc.ccovuervuercuirviieiiniiniinieneeeieeeieenneens 122
Table 3.15 SCSPI Decomposition 2002 .............ccoueeeeeeeeeeeesieeesereeesreesiseessseessseesssessssseesssessssessssesans 122
Table 3.16 SCSPI DecomposSition 2004 ............cccueeecueeeeeeesieieseieeesreesiseesssesesseessseesssssesssessssessssenans 123
Table 3.17 SCSPI DecomposSition 2000 ..............ccccoeueieiieeiiueeniieeeiiieesieesiteeseeesieessiteeseeessieeesireeens 123
Table 3.18 SCSPI Decomposition 2008 .............ccueeecueeeeeeesieeesirieesreesiseessseessseessseesssseesssessssessssesans 124

Table 3.19 SCSPI Decomposition 2010 ............cccueeeeeeecieesieieserieeeieeseseesteeesseessseesssseesssessssseesssesans 124



Introduction

‘[W]ealth is evidently not the good we are seeking, for it is merely useful and for the sake of
something else’

Aristotle in Nicomachean Ethics (Volume 1, p. 7)

Welfare economics, which according to Amartya Sen ‘is the part of economics that is
concerned with the assessment of the goodness of states of affairs and the appraisal of
policies’ (Sen, 2009, p. 272), has traditionally equated well-being with happiness, placing the
latter at the centre of analysis. The roots of this tradition can be traced back as far as the
fourth century BC, to the time of Aristotle. In his two-part ‘philosophy of human affairs’, the
Greek philosopher argues that happiness, or Eudaimonia, is the final human good, the one
thing every person is striving to achieve (Bartlett and Collins, 2012, p. x). His approach
would influence economics for centuries to come, such as the theory of utilitarianism, which

typically defines utility as some psychological metric such as happiness or pleasure.

Traditional Welfarism

Utilitarianism, pioneered in 1789 by Jeremy Bentham (Bentham, 2007), continued to
provide the basis for welfare economics until well into the nineteen-thirties: traditional
welfarism measured the goodness of states of affairs in a society as the sum of individual
utilities in that society, thereby building upon the cardinal measurement, comparison and
aggregation of individual utilities. It is not hard to see that this is a very ambitious approach,
especially considering the fact that utility is a rather fuzzy concept that is already difficult to
measure, let alone to compare and aggregate in a fairly reasonable manner.

In fact, it was the assumption of interpersonal comparability of utility that eventually
dealt the first major blow to traditional welfare economics in the nineteen-thirties.
Researchers such as the British economist Lionel Robbins argued that interpersonal
comparisons of individual (cardinal) utilities cannot possibly be made in any sound scientific

sense: ‘I still cannot believe that it is helpful to speak as if interpersonal comparisons of utility
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rest upon scientific foundations — that is, upon observation or introspection. I am perhaps
more alive than before to the extraordinary difficulties surrounding the whole philosophy of
valuation’ (Robbins, 1938, p.640).

At the heart of the problem is the fact that mental conditioning as well as adaptive
preferences, whether upward or downward, can have a significant impact on individual
utilities (Dworkin, 1981a, pp. 228-240; Sen, 1987, p. 11; Roemer, 1998, pp. 238-239). An
example of the former is provided by “expensive tastes”, which refer to the special
preferences of an individual who needs more than others in order to reach the same utility
level. Assuming equal capacity for satisfaction would disregard this issue — and consequently
allocate a larger share of society’s resources to this individual. Another example would be
“offensive tastes”, which denote the special, actually sadistic preferences of an individual who
needs to have his or her fellow creatures treated poorly in order to reach the same utility level
as others. An example of the latter is what has become known as the “tamed housewife”
scenario, describing a situation in which continuously bad circumstances result in a
downward adaptation of preferences, leading to a situation in which individuals need far less
than others in order to achieve the same level of utility.

Despite the severe and not easily rejectable criticism, traditional welfarism managed to
survive, though in the sharply reduced version of revealed preference welfarism, pioneered by
Abram Bergson (1938) and Paul Samuelson (1948). Revealed preference welfarism
dissociated itself from any kind of interpersonal (cardinal) utility measurement, comparison
and aggregation. Instead, it relied solely on the (ordinal) observable expression of preferences.
However, about ten years later, the slimmed down version of traditional welfarism received a
second and this time final blow.

The blow came in the form of what was to become one of the most famous theorems, i.e.
the impossibility theorem of Kenneth Arrow (1950). What Arrow demonstrated is that any
policy decision based on revealed preferences with regard to three alternatives or more is
unable to satisfy a set of very few reasonable properties. In particular, he introduced the
following three axioms: 1. Unrestricted Domain (U), i.e. the domain is defined for the set of
all preference orders of the society; 2. Weak Pareto (WP), i.e. whenever all members of a
society prefer alternative x to y, then x should be collectively preferred to y as well; 3.
Independence of Irrelevant Alternatives (I), i.e. whenever additional alternatives are offered
but do not change any of the individual preference orders, the collective decision should not

change either.
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Kenneth Arrow’s impossibility theorem demonstrates that in the case of three alternatives
or more, any decision rule that satisfies U, WP and I is unable to satisfy another highly
desirable property referred to as Non-Dictatorship (ND) which requires that collective
decisions are not dictated by the preferences of one individual. This result, astonishing at first
glance, is driven by the fact that the restriction on revealed preferences reduces any decision-
making process to a voting method of some form or another. However, the exposure of voting
methods to a series of consistency problems was recognised almost two hundred years earlier,
for instance by the French mathematician and philosopher Marie Jean Antoine Nicolas
Caritat, better known as the Marquis de Condorcet. In 1785, he made an observation that was
to go down in history as the Condorcet Paradox and that illustrates vividly the consistency
problems of voting methods.

Consider, for instance, the following very simple example of the Condorcet Paradox.
Imagine a society with three individuals who have to decide between three different
alternatives, i.e. x, y and z. Furthermore, assume that the three individuals have the following

preferences over x, y, and z:

Ind.1 Ind.2 Ind3

X y Z |x>=y: 2
y Z x |y>=z: 2
Z X y Jz>=x: 2

Given that the society as a whole prefers x to y (x> y) and y to z (y > z), one would
logically expect that x would be preferred to z (x > z ), a property that has become known as
transitivity. However, in the example above, the society as a whole prefers z to x (z > x) so
that any decision based on this society’s voting is inevitably arbitrary and — dictatorial.

Numerous studies worked on rehabilitating revealed preference welfarism, but to no
avail. Different versions of the impossibility theorem proved that it applied in one form or
another to any social welfare function that was not of the type “cardinally fully comparable”,
1.e. the very type whose rejection led to the development of revealed preference welfarism in

the first place. This opened the door for alternative approaches.

The Income Approach

Leaving aside those approaches that aimed to replace the whole idea of welfarism, for
instance contractarian or libertarian approaches, one concept that is closely related to

utilitarian welfare economics seemed to gain broad acceptance was the income approach,
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which can be traced back to William Petty (1623-1687), who is acknowledged as the pioneer
of national income accounting. It is interesting to note that, as Amartya Sen points out (2009,
p. 226), William Petty explicitly mentioned other determinants of individual condition besides
income, such as happiness and safety. Likewise, the deliberate restriction that Cecil Pigou
imposed when he suggested, as early as 1932, that national income be used to measure ‘that
part of social welfare, that can be brought directly or indirectly into relation with the

measuring-rod of money’ was largely ignored (Pigou, 2005, p.11).

It seems that after struggling for years with the problem of comparing utility, an easy
approach was rather tempting. Concepts such as well-being, poverty, and inequality were

almost exclusively measured in monetary terms over the next few decades.

However, the chain from economic resources to utility (whatever the definition?) is

anything but straightforward.

Figure 0.01 Transforming Economic Resources into Utility

Economic Choice Goods Conversion Utility
Resources ) > >
Assumption: perfect and Assumption: equal individual z 5 ?J

% complete markets conversion factors E"_g 5 2
=2 2| |Ignoring in particular: Ignoring (Sen, 2009, p. 255): =29
S = . s g8 Z
AR Role of public goods - Personal heterogeneities =28

@ § 5| |- Limited access - Variations in physical 9% 2

‘£ O = | |- Asymmetric information environment =1 E

8 g‘ ;Cé - Differences in social climate %

v g £ - Diversity in relational x

SO o) . =2

XA —S perspectives N

In response to the theoretical dead-end represented by a concentration on the outcome
utility, there has been a shift towards the input economic resources (wealth, income) as the
new basis for welfare economics. Aristotle’s statement was rarely contested that economic
resources were not an end in themselves but rather means to an end. Specifically, it was
assumed that economic resources provided a sufficiently precise proxy for the actual subject
matter, i.e. utility. In order for this proposition to hold, two assumptions must be made: that

perfect and complete markets exist and that individual conversion factors do not vary, i.e. all

? In the following, I will define utility as “something that individuals value and have reason to value”, whatever
the individual definition of that something may be. Also, I will leave aside the whole question how utility
functions might look like as this would go well beyond the scope of this thesis.
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individuals have the same ability to convert goods into utility. Over the course of time,
however, the accuracy of these two assumptions has been increasingly questioned.

With regard to the perfect and complete markets assumption, it was stated that i)
especially in developing countries many individuals only have limited access to markets; ii)
markets for many of the most basic goods do not exist at all, for instance, public goods such
as access to healthcare and education systems; and, finally, iii) due to asymmetric
information, prices can neither be considered efficient nor fair. With regard to the assumption
of individual conversion factors being equal, Amartya Sen (2009, p. 255) actually provided a
whole list of factors influencing the ability of individuals to convert goods into what they
have reason to value: 1) personal heterogeneities, caused by any kind of handicap or any kind
of adversity that individuals might face. A disabled person, for instance, will need more goods
and thus more resources than a healthy person in order to live a “normal life”; ii) differences
in the physical environment; iii) differences in the social environment; and, finally, iv)
diversity in relational perspectives, which refers to a situation in which a person’s absolute
standing depends on his or her relative standing compared to other members of society. An
example of the latter is provided by Adam Smith: the ability to appear in public without
shame, which strongly depends on what Adam Smith calls ‘established rules of decency’
(Smith, 1776, p. 467).

Due to the justified criticism, many researchers have sought time and again to create
alternative approaches for a new — and convincing — theory of welfare economics. In an effort
to overcome the problems connected with the perfect and complete market assumption, John
Rawls introduced in his theory of justice (1971) an index of primary goods which are defined
as goods that ‘a rational man wants whatever else he wants’ (Rawls, 1971, p. 79). They are
goods that every person needs to have in order to successfully realise his or her individual life
plan. The index of primary goods is intended to replace economic resources as the object of
analysis in his theory of (social) justice. Whereas Rawls’ index successfully avoids the perfect
and complete market assumption, it has some serious weaknesses of its own.

For one thing, it is by no means obvious what these primary goods are that all people
want or who should define them. Rawls himself provides five broad categories: ‘rights,
liberties, and opportunities, and income and wealth’ (Rawls, 1971, p. 79). It would be difficult
to agree on even these broad categories in all cultures, but in order to apply the index in
practice, a much more detailed definition would be needed. At the root of the problem is the
fact that the removal of the complete and perfect market assumption led to the loss of another

aspect, that of individual choice. The objective of the income approach is to ensure that
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persons receive a minimum amount of money. However, it is up to them how they actually
spend their money. The primary goods approach, on the other hand, leaves no scope for
individual choice as it predetermines the goods people ought to have. Even where there is
overwhelming consensus on the selection of these primary goods, Rawls’ approach still has a
distinct taste of paternalism about it. In addition, it still suffers from the fact that the ability to
convert goods into utility can vary greatly from individual to individual. However, any
measurement approach that ignores these differences gives a misleading image of individual
poverty and consequently leads to distribution policies that are, in fact, unjust (e.g. Sen, 2009,
p. 255).

In an effort to overcome the weaknesses of Rawls’ approach, Ronald Dworkin (1981b)
developed the idea of a hypothetical insurance market. He draws on John Harsanyi’s concept
of ‘choice involving risk’ (1953, p. 435) in which the unborn soul has to choose between
different types of income distribution in a society without knowing which social position it
will be born into’. Dworkin’s idea is that individuals, behind the veil of ignorance, have the
opportunity to buy insurance against any kind of conversion handicap they might experience
in their lives. Those who choose to insure themselves will receive compensation for their
handicap as determined by the insurance they purchased. With such a hypothetical insurance
market in place, so goes the argument of Dworkin, the problem of different conversion factors
can be overcome and real equality of resources can be achieved. It should be noted that
Ronald Dworkin differentiates between two kinds of inequality. His insurance market
provides compensation for inequality that is due to external circumstances, while inequality
that is due to individual choices and preferences is not compensated.

One of the main problems of Dworkin’s approach, though, is that while it works rather
well in the case of individual handicaps, it is much harder to consider insurance markets for
non-personal characteristics (Sen, 2009, p. 266). In addition, his approach also relies on the

same perfect and complete market assumption as the income approach.

The Capability Approach

Though both of the aforementioned approaches have become famous theories in social
science, neither of them was convincing enough to successfully compete with the highly

appreciated simplicity of the income approach. However, another approach has been

3 This concept has become better known in economic literature by the term used by John Rawls in his theory of
justice: the ‘veil of ignorance’ (Rawls, 1971, p. 118).
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developed that deliberately breaks away from traditional thinking: the capability approach
developed by the Indian economist and philosopher Amartya Sen (1979, 1985, 1992, 1999,
2009). Each of the approaches presented so far focuses on the instruments for achieving well-
being, a logical consequence following the abandonment of utilitarianism and its failure to
make well-being itself the subject of analysis. The novelty of the capability approach is its
introduction of so-called functionings and capabilities that are not instruments but constitute
elements of well-being (Sen, 1992, p. 39).

Functionings are the “beings” and “doings” individuals are able to be and do (Sen, 1992,
p. 39). Functionings are rather different to commodities. They constitute an aspect of living
itself whereas commodities are objects a person might use. According to Sen, basic
functionings include the ability to be well-nourished, to live a healthy life and to walk about
without shame. Whereas a person’s set of functionings represents his or her actual
achievements, the set of achievable functioning vectors constitutes that person’s capability
set. In other words, a person’s capability set represents his or her freedom to choose between

different functioning bundles and thus that person’s opportunities to achieve well-being.

Figure 0.02 Capabilities and Functionings
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Through the introduction of capabilities and functionings, the capability approach
successfully bypasses the problems associated with the assumptions of perfect and complete
markets and of equal individual conversion factors while at the same time introducing two
very interesting aspects of individual responsibility and freedom of choice.

The first aspect is introduced by the differentiation between the capability set of possible
functioning bundles on one hand and the functioning bundles themselves on the other.
Consider the following example of Amartya Sen (1992, p. 52): Imagine two individuals who

are undernourished. One individual is undernourished because he or she is starving, i.e. lacks
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the means to satisfy his or her hunger. The other person, however, has enough means to
satisfy his or her hunger, but deliberately chooses to fast for religious reasons. Standard
theory would treat both individuals the same, however, the capability approach differentiates
between the two as they have very different capability sets. While neither may meet a specific
minimum calorie intake, the former has no choice but to starve due to a restricted capability
set. The latter, on the other hand, has the capability to eat, but out of free choice refuses to do
SO.

The second aspect is introduced through the fact that though the individually chosen
functioning bundles are constitutive elements of utility (or well-being), they can also be
utilised to extend the capability set and thus enhance well-being. In other words, a sufficiently
large initial capability set enables individuals to pursue well-being, but does not ensure well-
being, as the latter is a matter of individual responsibility. It is interesting to note here that
when Thomas Jefferson (1743-1826) penned the Declaration of Independence (ratified on the
4™ of July 1776), he seemed to have a similar idea in mind. Up until that point, the prevailing
opinion of what rights a government must ensure could be traced back to the British
philosopher John Locke (1634-1704), who, in his ‘Second Treatise of Government’ (1690),
claimed these rights to be life, liberty and possessions4. Thomas Jefferson deliberately
replaced the last aspect when he penned: ‘We hold these truths to be self-evident, that all men
are created equal, that they are endowed by their Creator with certain unalienable Rights, that
among these are Life, Liberty and the pursuit of Happiness.” It is very interesting that he
wrote of the rights to life and liberty, but not the right to happiness. Instead, he called for the
right to pursue happiness, acknowledging that happiness itself is something closely bound up
with individual responsibility and choice.

Despite the obvious and intriguing advantages of the capability approach, it has not been
adopted readily. The reason is that, while undoubtedly intriguing, the theoretical framework
of the capability approach is rather difficult to operationalise. For one thing, though the new
approach introduces different aspects of choice, it neglects another one, the choice of those
“essential capabilities” that shape the minimum capability set individuals ought to have in
order to be able to pursue their goals in life. Sen rightfully claims that this weakness is not as
bad as in the case of Rawls’ primary goods approach, as it is much easier to agree on

capabilities than on goods (e.g. Sen, 1985, p.6). For instance, it is much easier to agree on the

* “The state of nature has a law of nature to govern it, which obliges every one: and reason, which is that law,
teaches all mankind, who will but consult it, that being all equal and independent, no one ought to harm another
in his life, health, liberty, or possessions [...].” (Locke, 1690, chapter 2, Sect. 6).
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capability to avoid undernourishment than it is to agree on a specific calorie intake. However,
he also acknowledges that choosing the essential capabilities is still a difficult and
controversial task. Consequently, Sen refused to provide even a list of broad categories that
could be used to operationalise his approach. It was the American philosopher Martha
Nussbaum who bridged this gap by suggesting ten ‘central human capabilities’ (Nussbaum
2003, pp. 41-42). Though her list is far from uncontested, it is already being widely used to
apply the capability approach. The other reason for scepticism towards this approach is the
plurality inherent in the nature of capabilities and functionings. Comparing, even aggregating,
different functionings or capabilities has been reproached for adding ‘apples and bananas’.
Yet, the capability approach has so many intriguing advantages, especially when it comes
to measuring poverty and inequality, that it is beginning to gain traction within the area of
welfare economics. This trend is being fuelled further by the empirical applications of the
approach, which have provided evidence that it produces rather different results to the

traditional income approach (e.g. Klasen, 2000, Alkire and Santos, 2010, Figari, 2012).

Multidimensional Poverty Measurement

As has already been pointed out, what is so fascinating about the capability approach is
its approach to freedom of choice and individual responsibility. Poverty, according to Sen, is
‘not a matter of low well-being, but of the inability to pursue well-being’ (Sen, 1992, p. 110).
In order to measure poverty as the inability to pursue well-being, a minimum capability set
needs to be determined that comprises those basic or central capabilities that a person needs in
order to be able to pursue his or her goals in life, i.e. his or her well-being. The definition
acknowledges that the capability or opportunity of the poor to develop their human capital
and reach their full potential is limited by external circumstances, such as socio-economic
background, race, gender, religion, health, or nutrition.

Likewise, the issue is not inequality of well-being but inequality in the ability to pursue
well-being. This definition already indicates Sen’s concern to base considerations of
distributive justice, i.e. the ‘deep need for impartiality between individuals’ (Sen 1992, p. 21),
on the “right” kind of inequality (Sen, 1997, p. 12). This right kind of inequality is inequality
among the poor, or inequality in the opportunity of individuals to pursue whatever they have
reason to value. It wastes human capital, not as a result of individual choice, but due to being
enforced on people by discrimination of any sort, e.g. by their socio-economic background,

race, gender or religion, but also by adversity, such as poor health resulting from sicknesses
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or accidents etc. This is the kind of inequality we would want to avoid out of considerations
of justice.

The kind of inequality we may not want to avoid is the inequality that results directly
from freedom of choice. As an example, consider two individuals with the same capability
set, i.e. with the same opportunity to pursue their goals in life. Whereas the first person
chooses to enjoy life and work only if unavoidable, the other person makes great efforts to
invest in his or her human capital in order to make his or her life count. While it is not in the
interest of the capability approach to compare, let alone evaluate, the two different lifestyles,
being as they are the result of individual choice, it nevertheless has to ask the question of how
to deal with the results of the different choices. It is obvious that the second person will end
up with a much larger capability set than the first person, i.e. there will be a high degree of
inequality of capabilities.

However, this is a type of inequality that we may not want to fight. The reason is that
there exists a tension between the objective of equal capabilities on one hand and the
objective of overall expansion of capabilities, which I will refer to as “efficiency”, on the
other.” Sen argues, ‘[a]n attempt to achieve equality of capabilities — without taking note of
aggregative considerations — can lead to severe curtailment of the capabilities that people
can altogether have’ (Sen, 1992, pp. 7-8). Inequality in this case would reward the effort and
investments made by the second person that are more than likely to lead to an overall
expansion of capabilities from which society as a whole would benefit.

These considerations are strongly corroborated by the results of a recent study by Marrero
and Rodriguéz (2010). The authors argue that the reason the relationship between inequality
and growth is still controversial in academic literature is that this differentiation between
inequality of opportunity and inequality of choice has not been made. Utilising a panel data
set for 23 U.S. states, they demonstrate that no significant relationship can be established
between overall inequality and growth whereas a robust and significantly positive relationship
exists between growth and inequality of choice, and a robust and significantly negative

relationship between growth and inequality of opportunity.

> Please note that there are two ways to apply the concept of efficiency. The first is a dynamic interpretation, i.e.
it refers to the fact that rewarding effort and investments leads to higher growth and thus ‘generally enhancing
individual advantages, no matter how distributed’ (Sen, 1992, p. 136). The second one is a static interpretation,
i.e. describing a redistribution that improves the advantages of some individuals without worsening the situation
of the others. It is the latter interpretation that is utilized in this thesis.
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These considerations forcefully demonstrate why inequality among the poor is crucial for
any evaluation of poverty and explain Sen’s strong opposition to poverty indices that neglect
inequality (Sen, 1992, p. 103):

‘It can now be asked whether the two together would provide an adequate informational base
for poverty measurement? The answer, briefly, is: no. H and I [i.e. poverty incidence and
intensity] together still cannot be adequate, since neither pays any attention to the distribution
of income among the poor. [...] Intensification of the more acute deprivation cannot be

outweighed by the increase in the income of the person who was less poor even to start with.’

He further argues that by ignoring inequality among the poor, one might very well end up
with anti-poverty policies (Sen 1992, p. 105).

But the considerations also explain his claim for a clear distinction between the concepts
of distributive justice and efficiency that, though of course closely related, are obviously not
the same. Acknowledging the tension between them is crucial. Though efficiency and
distributive justice considerations make the same strong case against inequality of
opportunity, they might very well differ in their ways of fighting it. In fact, one could easily
consider changes in situations that are just, but not efficient and vice versa:

Just, but not efficient: Consider, for instance, a situation with two ‘“comparable”
individuals, i.e. individuals with the same individual characteristics facing the same
circumstances. Now assume that one individual has access to seven right shoes and three left
shoes, but the other individual has access to three right shoes and seven left shoes. The
situation might easily be considered just, as the two otherwise “comparable” individuals have
the same capability to wear three pairs of shoes. However, it is also deeply inefficient. By a
simple exchange, both individuals could easily expand their capability sets from the
opportunity to wear three pairs of shoes to the opportunity to wear five pairs of shoes.

Efficient, but not just: Consider the same initial situation of two “comparable” individuals
with seven right and three left shoes and three right and seven left shoes, respectively. Now
assume a simple exchange in the course of which individual one hands four of his/her seven
shoes over to individual two. Individual one has still the same opportunity to wear three pair
of shoes as before, while individual two has now the opportunity to wear seven pairs of shoes.
This exchange is definitely efficient, it is, however, unjust — why should only the second
individual gain from the exchange when both individuals could improve their situation?

And yet, current approaches to multidimensional poverty measurement that actually

resulted out of Sen’s capability approach do not account properly for his forceful claims.
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Well-known and widely-used multidimensional poverty indices either account for distributive
justice or for efficiency, treating the two concepts as one and the same and thereby neglecting
the tension that exists between them. It is the purpose of this volume to provide ways to
overcome this methodological weakness in order to be able to evaluate the changes that a

sound operationalisation of the capability approach will induce in poverty measurement.



Chapter 1

Efficiency and Distributive Justice in Ordinal
Poverty Indices:
The Correlation Sensitive Poverty Index

The focus of this chapter is on the two concepts of distributive justice and efficiency within
the context of ordinal multidimensional poverty measurement. Though a clear distinction
exists between these two concepts they are usually equated. In fact, in the ordinal context
inequality between dimensions is usually considered as the spread of simultaneous
deprivations across the population. This narrow definition accounts for the concept of
distributive justice but not for efficiency. This chapter suggests to define inequality between
dimensions as the association-sensitive spread of simultaneous deprivations across the
population. This more holistic approach captures both concepts of distributive justice and
efficiency and facilitates the introduction of a new axiom as well as a new identification
method which in turn provide the basis for a new class of multidimensional poverty indices.
The latter is unique in the sense that it is the first ordinal class of additive poverty indices that
is able to take care of considerations of distributive justice and efficiency at the same time. A
representative of this class is the Correlation Sensitive Poverty Index (CSPI) that is
exemplarily applied to the Indian DHS 2005 data set and illustrates the empirical relevance of

the new methodological approach.

1.1 Introduction

The fact that poverty is a multidimensional phenomenon is undisputed, even in the income
poverty literature. In fact, income is not supposed to be important per se but rather to serve as
an indicator for economic resources that enable individuals to satisfy their multidimensional
needs. In order to satisfy that purpose, two main assumptions have to be imposed: i) the
existence of complete and perfect markets, and i) perfect substitutability among all poverty

dimensions. The appropriateness of these assumptions, however, has been increasingly
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questioned and finally led to a multidimensional measurement approach (e.g. Rawls, 1971;
Sen, 1985; Dreze and Sen, 1989; UNDP, 1995).

Equally undisputed is the fact that inequality is detrimental to poverty reduction and
human development in general (e.g. Fields, 1999; Kanbur and Lustig, 1999; Kanbur, 2000;
Ravallion, 2001; White and Anderson, 2001; Bourguignon, 2003; Bourguignon, 2004;
Ravallion, 2007; Grimm et al., 2010). It also nourishes hazardous social tensions and conflicts
and even political violence (e.g. Muller and Seligson, 1987; Deininger, 2003). Thus, Sen
(1976) requires any reasonable poverty index to be sensitive to inequality. In fact, if poverty is
defined as the “lower end” of well-being, then every poverty index is a function of attribute
distribution, a fact that shifts inequality into the centre of every poverty analysis.

In a multidimensional framework, poverty attributes are no longer restricted to a perfect
substitute relationship. Inequality is no longer confined to the spread of dimension-specific
achievements but in addition comprises the joint distribution of attributes across a population.
The former has become known as intra-personal inequality (Kolm, 1977) and has been
adequately captured by majorization properties6.

This chapter claims that inter-personal inequality (Atkinson and Bourguignon, 1982) — or
inequality between dimensions —has not been adequately considered. In fact, in the context of
ordinal poverty indices it is commonly equated with the distribution of simultaneous
deprivations across the population (Chakravarty and D’Ambrosio 2006, Jayaraj and
Subramanian 2010), an equation that fails to consider the relationship that exists between
different poverty dimensions. However, the neglect of association-sensitivity leads to a
neglect of the concept of efficiency that is not the same as distributive justice — though both
concepts are closely related.

In response, this chapter introduces a new property that is based on a broader definition
of inter-personal inequality as the association-sensitive spread of simultaneous deprivations
across a population, and conditions the extent to which an “inequality increasing switch”
increases poverty on the relationship among attributes. The new property is utilised to derive a
new, uniquely characterised class of correlation sensitive poverty indices that is the first
ordinal and additive measure able to account for considerations of distributive justice as well
as efficiency. In order to demonstrate the empirical implications of the new approach, this

chapter closes with a comparison of the poverty rates for 29 Indian states and union territories

® Majorization properties establish criteria to compare different possibilities to distribute wealth in a society.

Given the two vectors of equal length x = (x,,...,x,) and X’ = (x,...,x/) with D" x. => " x, a majorization
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as calculated by of one of the most popular ordinal poverty indices, the Multidimensional
Poverty Index (MPI) to those calculated by the new Correlation Sensitive Poverty Index
(CSPD).

The chapter proceeds as follows. The second section provides a brief introduction in the
theoretical background of the chapter. Section three lays the axiomatic foundation for the
derivation and decomposition of the new class of indices that are derived in section four and
utilised in the empirical application presented in section five. Section six concludes. Proofs

are relegated to the appendix.

1.2 Theoretical Background

Composite poverty indices are derived in two main steps, i.e. the identification step to identify
those who are poor, and the aggregation step to aggregate the individual poverty
characteristics into the overall poverty index (Sen 1976). This section concentrates on the
identification step. In a multidimensional framework, the identification of the poor requires
two choices: i) the choice of poverty dimensions, indicators, thresholds and weights in order
to identify those who are deprived, and ii) the choice of an appropriate method to identify the
poor within the group of the deprived. Though the choices taken in the first step are crucial,
they go well beyond the scope of this chapter whose theoretical approach can be applied to
whatever poverty dimensions, indicators, weights and thresholds have been chosen in the first

step. The following is a summary of the notations and definitions used throughout the chapter.
Let R* denote the Euclidean k-space, and R* c R" the non-negative k-space. Further, let N

denote the set of positive integers. N ={l,...,n} c N represents the set of n individuals and
D={2,..,d} c N the set of d poverty dimensions captured by a set of poverty attributes
K={2,..,k}cN.Letae R f denote the weight vector for the different attributes with a ;> 0

forall j=1,...,k and z;aj =1

I refer to the quantity of an attribute with which an individual is endowed as an
achievement. The achievement vector of individual i is represented by X, = (x;,...,X; ). The
achievement matrix of a society with n individuals is represented by X e R* where the ijth
entry represents the achievement x; of individual / in attribute j. Let X, be the set of possible
achievement matrices of population size n and X=Unc n.X; the set of all possible achievement
matrices. I further refer to the poverty threshold of attribute j as z;. Thus, individual i is

deprived in attribute j whenever her achievement falls short of the respective threshold, i.e.
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whenever x; <z;,. zeR ¥ represents the vector of the chosen poverty thresholds and Z the
set of all possible vectors of poverty thresholds.

I define a poverty index as a function P: X XZ — R. For any poverty threshold vector
ze 7, society 4 has a higher poverty level than society 3 if and only if P(Xﬂ;z)z P(X@;z)
forany X”, X" e X.

The main methods for the identification of the poor are the aggregate poverty line
approach and the component poverty approach. Under the aggregate poverty line approach,
the identification of the poor is based upon a function ¢:R*xR" —R that aggregates
individual achievements in all poverty dimensions. A person is poor if and only if his/her
aggregation function is negative, i.e. (o(xﬁ;z) < 0. The unique feature of this approach is that
it allows compensation between attributes below and above threshold levels among those who
are poor (Weak Focus Axiom).

This limits the application of this approach to a cardinal context and does therefore not
allow an ordinal-cardinal comparison as aspired in this volume.

Therefore, the following analysis is based upon the second method, the component
poverty approach that builds upon an attribute-wise evaluation of poverty. All attributes are
considered to be essential in the sense that a failure to achieve the threshold level
automatically implies deprivation no matter what the achievements are in other dimensions,

i.e. compensation is restricted to attributes below threshold levels (Strong Focus Axiom). In
order to describe the component poverty approach, let ¢, =(c,,....c;) represent the

deprivation vector of individual i such that ¢, =1 if x; <z, and ¢; =0 if x; 2 z;. Further,

let &, = Za ; denote the sum of weighted deprivations suffered by individual i and let
je{l!'"!k}-c,j:l

S, (X) — or simply § ;— denote the set of individuals who are deprived with respect to
attribute j. The identification of the poor is based on a function p: R¥ xR —{0,1},i.e. an
identification function such that individual i is poor if p(c,;z)=1 and not poor if
pc;2)=0.

Three specifications of the identification function have been suggested so far. The union

method is based on the (rather strong) assumption that all attributes are perfect complements’.

"1 follow the Auspitz-Lieben-Edgeworth-Pareto (ALEP) definition of substitutability and complementarity. The
ALEP definition considers two attributes to be substitutes if their second cross partial derivatives are positive.
Intuitively, an increase in one attribute decreases poverty the less the higher the achievements in the second
attribute. In the same way, attributes are considered to be complements, when the respective cross partial
derivatives are negative and independent in case they are zero.
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Thus, deprivation in one attribute equals deprivation in all attributes so that each person who
1 if max{c }=1

is deprived is considered to be poor: C.;Z)= .
p poor: py(¢;;2) {0 if  max{c,} =0

In other words, already the loss in one attribute cannot be compensated, thus, there is no
need to consider inequality.

The intersection method, on the other hand, is based on the (equally strong) assumption
that all attributes to be perfect substitutes. Thus, poverty occurs solely in case of deprivation

in all attributes so that only those individuals are considered poor who are deprived in every

| | 1 if minfc,}=1
single attribute: p,(c,;z) = i ) .
0 if min{c,}=0

In other words, the loss in any attribute can always be completely compensated through
other attributes — unless a person is deprived in all attributes. Therefore, only those persons
are considered poor, who suffer the highest degree of deprivation. This resembles in a way a
Rawlsian “maxi-max” principle (Rawls, 1971) which requires the maximum improvement of
the situation of the worst off, i.e. those with the maximum number of deprivations (Jayaraj
and Subramanian, 2010, p. 56).

Both approaches are obviously extreme cases, relying on extreme assumptions, and
consequently yielding poverty rates that are plainly inapplicable, being either far too high or
far too low (Bérenger and Bresson, 2010; Alkire and Foster, 2011).

Mack and Lindsay (1985) were the first to formulate the idea for an intermediate method
as a kind of a loophole that was explicitly introduced as the dual cut-off method by Foster
(2007) and Alkire and Foster (2007, 2011). The intermediate method defines a minimum level

of weighted deprivation so that individual i is considered poor if his/ her sum of weighted
i 1 if &=

deprivations is at least 8y," : p,, (¢,;z) = if o M
0 if J <9,

Please note that the intermediate method comprises union and intersection method as

~N .

extreme cases, i.e. in case Oy = max{ci'}: 1 and o))" = mln{ci'}z 1, respectively.

Though the intermediate method is a convenient way out of the dilemma of extreme
poverty rates, its theoretical justification is questionable. Apart from the fact that the choice of
Jn" is arbitrary, the whole method is based on the indirect assumption that up to &
attributes are perfect substitutes whereas the same attributes are considered perfect

complements from o;," onwards.



18 CHAPTER 1. ORDINAL POVERTY INDICES

Figure 1.01 Existing Identification Methods
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Figure 1 provides a graphical illustration of the different identification methods for the
case of three equally weighted attributes. The upper part of the figure shows the different
identification functions. The horizontal axis indicates the sum of weighted deprivations from
which an individual suffers and the vertical axis whether the respective individual is poor
(p=1) ornot (p=0). The identification function of the union method, p, (¢;z), equals one
for any individual that is deprived, i.e. for any i with &, >1/3 =8, . The intermediate method
is illustrated for a cut-off level of two third, i.e. p,, (c;z)=1 for any i with &, >2/3=35".
The identification function of the intersection method, p,(c;z), equals one only in case an
individual is deprived in all attributes, i.e. for any i with &, =1=5" .

The bottom part of the figure shows the attribute constellations according to which
individuals are classified as poor. The three axes indicate the quantities for the three attributes
(x;,x,,x;) and the respective threshold levels (z,,z,,z;). Shaded areas highlight those
attribute constellations that indicate poverty. Obviously, the union method relates almost all,
the intersection method only one attribute constellation to poverty. The intermediate approach
is the only method that yields “reasonable” poverty rates — however based on a questionable
assumption concerning the relationship between attributes.

Summarizing, all three methods rely on extreme assumptions regarding the relationship

between attributes which are either all perfect substitutes or all perfect complements. These
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assumptions do not only exclude every other form of relationship between attributes, they also
imply that inequality in the distribution of attributes between individuals is either irrelevant
(in the case of perfect complements) or of utmost importance (in the case of perfect
substitutes).

This chapter demonstrates that once the two concepts of distributive justice and
efficiency are properly taken care of, they imply a new identification method which provides
a theoretically-guided way out of the dilemma of inapplicable poverty rates. The argument is
related to one made by Dasgupta and Ray in 1986 who observed that inequality issues can
either be included in poverty reduction policies by formulating a respective axiom in the
aggregation step or by choosing the “right” poverty line, i.e. by tailoring the poverty line to
the size of the budget such that all who are poor according to this line are lifted out of
poverty. They point out that though the two procedures are equivalent in an ‘arithmetical

sense’, the former seems to be the more appropriate one to employ.

1.3 The Aggregation Step

Current research concentrates on four main approaches to aggregate individual poverty
characteristics into one composite index: 1) the fuzzy set approach, ii) the distance function
approach, iii) the information theory approach, and iv) the axiomatic approach. In this
volume I will concentrate on the axiomatic approach as it best fits the purpose of my research.
Thus, I will briefly introduce the first three approaches before turning to a more detailed

discussion of the axiomatic approach.®

1.3.1 The Fuzzy Set Approach
The theoretical foundation of the fuzzy set approach was developed by Zadeh (1965) and is
based on the consideration that it may sometimes be impossible to precisely define certain
sets of objects. Whereas it is always possible to decide for some objects whether they belong
to a certain set or not there may very well remain objects for which such a precise statement
cannot be made. As a consequence, these objects are considered to form a kind of fuzzy
subset.

Let there be any set 7 and let 7 be any element of this set. A is characterised as a fuzzy set

of T by a so called membership function @, (¢) that assigns to each element in 7 a number in

¥ For a detailed discussion of the different aggregation methods see Deutsch and Silber, 2005; Kakwani and
Silber, 2008; Maasoumi and Lugo, 2008.
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the interval [0,1]. If @,(r)=0 for any 7 T,  does not belong to A. If @,(7)=1 for any
feT, ibelongs completely to A. However, in case 0< @, (f)<1 for any 7 € T, element
f belongs only partially to A, with the degree of membership the greater the higher the value
of ®,(7).]

Applied in the context of multidimensional poverty, it can be said that some individuals
lack so many resources that they certainly should be classified as poor whereas the welfare
level of others is as high that they should certainly not be classified as poor at all. However,
there will be individuals for whom such a classification is not that obvious. In fact, there will
be many individuals who are deprived in some dimensions and not deprived in others. To
those, the fuzzy set approach would attribute different degrees of membership to the set of the
poor.

The use of fuzzy measures in the context of poverty measurement allows for an imprecise
borderline between the poor and the non-poor which seems to be a promising way to capture
the vagueness inherent in the concept of poverty. Yet, the very advantage of this approach is
also its main disadvantage when it comes to the practical application: the impreciseness of the
approach renders poverty comparisons extremely difficult. This is the main reason why I

decided not to use the fuzzy set approach in the following analysis.

1.3.2 The Distance Function Approach

The distance function approach is a concept widely used in efficiency analysis and especially
in production economics as a mean to summarize the range of information resulting from the
multi-output nature of production into merely one dimension. Distance functions can be
differentiated according to their input or output orientation. Intuitively, the output distance

function D, (x,y) measures the extent to which an output vector ye R can be increased

out
given a fixed input vector xe R . Let P(x)be defined as the output set of all output vectors
y which can be produced by the input vector x. The production possibility frontier PPF(x)
depicts the maximum among the output combinations that can be produced by input vector x.
The distance function for a specific output combination measures the distance between

this combination and PPF(x)as the inverse of the factor by which the production could be

’ Note that fuzzy poverty measures are not measures of the intensity of poverty, but instead address the
vagueness of poverty (Qizilbash and Clark 2005).
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increased for a given input vector x, i.e. D, (x,y) =min{@:(y/6)e P(x)} where 6 is a
scalar that measures the distance to PPF(x) 10

Similarly, the input distance function D, (x,y) measures the extent to which an input
vector xe R can be reduced given a fixed output vector ye R} . Let L(y)be defined as the
input set of all input vectors x which can produce the output vector y. The isoquant
IQ(y)depicts the minimum among the input combinations that can produce a certain output
vector y.

The distance function for a specific input combination measures the distance between this
combination and /Q(y)as the inverse of the factor by which the input quantities could be
reduced for a given output vector y, i.e. D, (x,y)=max{p:(x/ p)e L(y)} where p is a
scalar that measures the distance to 1Q(y) M

Summarizing, the distance function approach aggregates the information that results from
a multidimensional phenomenon into one single dimension — a clear methodological
similarity to multidimensional poverty measurement. In addition, the approach does not rely
on any kind of assumption concerning prices or behaviour, a property that makes a transfer to
the thematic field of multidimensional poverty measurement appear particularly desirable.

Lovell et al. (1994) were the first to apply the distance function approach to the thematic
context of well-being. They interpret the input vector x as a vector of resources and the output
vector y as a vector of functionings. Then they derive a multidimensional index of well-being
by first utilizing the concept of the input distance function to aggregate individual
achievements which are in a second step transformed into functionings via an output distance
function. In other words, what the distance function approach in effect does is to aggregate
individual achievements in the various poverty dimensions into a single index with individual
i being poor whenever his/her aggregate index falls below some chosen poverty line.

Thus, this approach aggregates poverty dimensions first and determines one poverty line
for the aggregate vector afterwards (instead of poverty thresholds for each dimension). It

resembles therefore the traditional one-dimensional poverty measures (e.g. the income-based

approach with a broader concept of income) and therefore does, strictly speaking, not count as

' 1t can be shown that D, (x,y)is non-decreasing, positively linearly homogenous and concave in y and

decreasing in x. Additionally, D
et al., 1998).

"It can be shown that D,, (x, y)is non-decreasing, positively linearly homogenous and concave in x and

(x,y) <lif y belongs to P(x)and D_  (x,y)=1if ylieson PPF(x) (Coelli

out out

decreasing in y. Additionally, D, (x, y) <1if x belongs to L(y)and D,, (x, y) = 1if x lies on IQ(y) (Coelli et
al., 1998).
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a truly multidimensional approach. This is the main reason why this approach is not followed

up in the following analysis.

1.3.3 The Information Theory Approach

Cover and Thomas (2006, p. 1) provide the following description of the information theory
approach: ‘Information Theory answers two fundamental questions in communication theory:
What is the ultimate data compression (answer: the entropy H), and what is the ultimate
transmission rate of communication (answer: the channel capacity C).’

There exists a specific result concerning the entropy which is extremely valuable in the
context of inequality and poverty measurement: two entropies are equal if, and only if,
underlying distributions are identical. As a result, there exists a basic measure for the
divergence between two distributions, namely the difference between their entropies, the so-
called relative entropy (Maasoumi and Lugo 2008, p. 8).

Due to this appealing property, the concept of entropy has been applied to the analysis of
multidimensional inequality (Maasoumi, 1986) and later to the analysis of multidimensional
poverty. The basic idea is that since all poverty indices are functions of the distribution of
identified attributes and the distribution of attributes contains all the information about the
attributes, a poverty index should be required to have a distribution as ‘close’ as possible to
the multivariate distribution of attributes. In other words, the respective relative entropy is to
be minimized.

Let S, denote the aggregator function for individual i which depends on his/her
achievement vector X, =(x,,...,x; ). Then, in order to derive an ‘optimal’ poverty index,
Maasoumi and Lugo (2008, p. 8) consider the following weighted average of the relative
entropy divergences between the aggregator functions (S,,S,,...,S,) and each vector of

attributes x i = (x, 2% j...,xnj) that is to be minimized:
i w8 x) -1
DS, X;w)=>»  w. T ——
ﬂ( ) 2,4 J|:Zzl ’l: l(l—l)

with w, being the weight attached to the Generalized Entropy divergence from attribute j.
Minimizing D, (S, X;w) with respect to S, leads to the following two ‘optimal’ Information

Theory aggregation functions (Maasoumi and Lugo, 2008, p. 8):
/2
(1) S, [z’;_lex;]l if 120
k Wi —
@ S, oc [T (" if 2=0
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Maasoumi and Lugo (2008) claim that the information theory approach represents the
most elegant way to aggregate attributes as it summarizes the information inherent in all
attributes in an efficient manner. However, as has been discussed before, efficiency should
not be the only criterion for the aggregation of attributes. Rather, any aggregation should be
based on the two concepts of efficiency and distributive justice. This is the main reason why
the following analysis is not based on the information theory approach. However, the latter
has the valuable advantage that it can easily be utilized as an add-on in almost every poverty
measurement approach.'? In other words, any class of poverty measures can be scrutinized as
to whether it is efficient in the sense of the information theory approach or not, something

which will be made use of in the following analysis.

1.3.4 The Axiomatic Approach

Chakravarty, Mukherjee and Ranade (1998) were the first to apply the axiomatic approach in
order to derive multidimensional poverty indices. The idea behind this approach is to define a
list of desirable properties that a poverty index should satisfy. This list is then utilized to
derive those classes of poverty indices that satisfy these properties. Thus, the axiomatic
approach provides the most transparent way to take care of value judgments by explicitly
defining properties that poverty indices may or may not satisfy. It is this specific property that
makes the axiomatic approach so appealing for the analysis of the interplay between the two
concepts of efficiency and distributive justice, the main objective of this volume.

Most of the axioms that are introduced in the following analysis are so-called core
axioms that have been derived by the generalization and extension of the core axioms of the
one-dimensional framework to fit the multidimensional framework (e.g. Chakravarty,
Mukherjee and Ranade 1998, Bourguignon and Chakravarty 1999, Tsui 2002, Bourguignon
and Chakravarty 2003, Chakravarty and Silber 2008). However, it is the main message of this
volume that the axioms that have been derived so far are unable to sufficiently capture the
interplay between the two concepts of efficiency and distributive justice. In fact, as will be
demonstrated in the following, they either account for the one or the other but not for both.

This chapter concentrates on the axiomatic foundation for ordinal poverty measures; the

second chapter will do the same for the cardinal case.

"2 Note, however, that the information theory approach reaches far beyond being a simple add-on for other
methods. Indeed, it opens the way to more generalized poverty measures which are more sophisticated than, for
instance, the average functions of the axiomatic approach (Maasoumi and Lugo 2008, p. 8).
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The Axiomatic Foundation for Ordinal Poverty Measures

Non-Distributional Axioms

Anonymity (AN): For any ze Zand Xe X, ,P(X;z)=P(IIX;z) where Il is any
permutation matrix of appropriate order.
AN states that any characteristic of persons apart from the attributes j are irrelevant for

poverty measurement.

Monotonicity (MN): For any ze Z and X,X e X, if for any individual 4 and any attribute /
X, =x,+B, such that x;,<gz,8>0,and x,=xVizh, x;=x.Vj#1lVi,then
P(X’;z) < P(X;2).

MN requires poverty measures not to increase if, ceteris paribus, the condition of individual &

that is poor with respect to attribute / improves.

Principle of Population (PP): If for anyze Z ,Xe X, andme N X" is a m-fold replication
of X, then P(X";z) = P(X;z).
PP ensures that poverty measures do not depend on population size, thereby allowing cross-

population and cross-time comparisons.

Strong Focus (SF): For any ze Zand Xe X, if for any individual %z and any attribute /
Xy 22Xy, =X, +B,6>0, and x, = x,Vi#h,x; = x,Vj#1,Vi,then P(X;z)=P(X’;2).

SF demands that giving a person more of an attribute with respect to which this person is not
deprived will not change the poverty measure — even if the person is deprived in (an)other

attribute(s). SF provides the theoretical foundation for the component poverty approachl I,
Subgroup Decomposability (SD): For any X',.,X'e X, and zeZ,
P(XI,XZ,...,X”;Z) = z;n,/nP(Xl;z) with  n, being the population size of
subgroup X' I1=1,..,v and Z::lnl =n.

SD requires overall poverty to be expressible as the population share weighted average of
subgroup poverty levels. It therefore allows the decomposition of overall poverty into the

poverty levels of population subgroups according to ethnic, spatial or other criteria which

makes it a valuable property for policy makers.
Factor Decomposability (FD): For anyze Z and Xe X, P(X;z) = z;ajP(x_ 32 j)

FD facilitates the decomposition of poverty measures into different attribute combinations.

Joint fulfilment of FD and SD allows a twofold decomposition of overall poverty according to

"> There exists a weaker version of this property that provides the theoretical foundation for the aggregate
poverty line approach (e.g. Maasoumi and Lugo 2008).
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subgroup-attribute combinations that improves the targeting of poverty-alleviating policies. A

rather restricting implication of FD is that it requires poverty indices to be additive.

Normalization (NM): For anyze ZandX e X, P(X;z) =1 if x;, =0Vi, j and P(X;z)=0 if
x; 2 z,Vi, j. Thus, P(X;z)e [0.1]
NM is a technical property that simply requires poverty measures to be equal to zero in case

all individuals are non-poor and equal to one in case all individuals are completely deprived.

Distributional Axioms

I will now turn to the axioms that deal specifically with inter-personal inequality. In the
context of ordinal poverty measures, inter-personal inequality is captured by a majorization
criterion proposed by Chakravarty and D’ Ambrosio (2006) in the context of social exclusion
and formally introduced in the context of multidimensional poverty measurement by Jayaraj

and Subramanian (2010):

Equality-Promoting Change (EPC): For any ze Zand X,X'e X,, X’is obtained from
X by an equality-promoting change, if for some individuals g and £,

4 4 ’ 4 4 .
¢, =¢,+L¢c,=¢,—lc, <c, and ¢;=¢cVi#g,h.

Nonincreasingness under Equality-Promoting Change (NEPC): For any ze Zand
X, X’e x, if X'is obtained from Xby an equality-promoting change, then
P(X;z)> P(X';z).

A change is equality-promoting whenever the difference in the number of simultaneously
suffered deprivations between two individuals is reduced. Jayaraj and Subramanian (2010)

claim that such an equality-promoting change should not increase poverty.

However, the equality-promoting change does not distinguish between the attributes that
are affected by the change, i.e. is insensitive to any kind of association among attributes and is
therefore unable to account for the concept of efficiency. However, ‘[ajn attempt to achieve
equality of capabilities — without taking note of aggregative considerations — can lead to
severe curtailment of the capabilities that people can altogether have’ (Sen, 1992, pp. 7-8).

In fact, an increase in inter-personal inequality can increase or decrease poverty,
depending on the assumed relationship among attributes. More precisely, poverty will
increase as long as there is no complementary relationship among attributes since the two
concepts of distributive justice and efficiency work in the same direction. However, this is no
longer true in the case of complements. In this case, distributive justice considerations suggest

an increase in poverty while efficiency considerations suggest a decrease in poverty. It
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depends on the importance that is attributed to distributive justice considerations as well as on
the degree of complementarity which of the effects will predominate in the end.

A rather vivid example is provided by Duclos, Sahn and Younger (2006, p. 950) who
observe that complementarities exist between the two poverty dimensions education and
nutrition as better nourished children learn better. If the degree of this complementarity is
strong enough, the authors argue, it might even overcome the ‘usual ethical judgement
(Duclos, Sahn and Younger, 2006, p. 950) that favours those deprived in more dimensions so
that overall poverty would actually decrease in case education would be transferred from the
poorly to the better nourished.

In order to capture this idea, I introduce the concept of an Inequality Increasing Switch:

Inequality Increasing Switch (IIS): Define d, :#{cij‘cii =1}. Then, for two individuals g and
h such that d, >d, >1, Matrix X is said to be obtained from matrix X'by an inequality

increasing ~ switch  of attribute [ if x, <z <x,, x,=x,x,=x, and

gl
x, =x,Vi# g hix, = x;.Vj #1.Vi.
An inequality increasing switch is a switch of attributes that increases (reduces) the number of

deprivations suffered by the person with higher (lower) initial deprivation.

Based on the Inequality Increasing Switch, I introduce the following property that captures

the interplay between the two concepts of distributive justice and efficiency:

Sensitivity to Inequality Increasing Switch (SIIS): For any ze Z and X, X', X"e X, if X’
is obtained from X by an inequality increasing switch of non-complementary attributes, then
P(X;z) < P(X’;z). Further, if X” is obtained from X by an inequality increasing switch of

complement attributes, then P(X;z) i PX"z2) < PX;z).

As mentioned before, in the case of a non-complementary relationship between attributes
there is no conflict between the concepts of distributive justice and efficiency. Thus, SIIS is
equivalent to NEPC, i.e. an inequality increasing switch should not decrease. The situation
changes, however, in the case of complements. In this case, the concepts of distributive justice
and efficiency work in different directions and it depends on the importance attributed to
distributive justice considerations as well as on the degree of complementarity whether

poverty increases or decreases through an inequality increasing switch.

In the following section I will utilise the axioms developed here in order to derive a new class
of poverty indices and compare it to the main other indices that have been developed in an

ordinal context.
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14 Correlation-Sensitive Poverty Indices

There exist different ways to ensure that a poverty index satisfies the new property SIIS.
There exists, however, only one way to ensure that a poverty index satisfies FD and SIIS at
the same time. This way is especially interesting as it is usually assumed that any poverty
index that complies with FD is unavoidably insensitive to inter-personal inequality. The
following theorem demonstrates that in case of a modification in the identification step there

exists a class of poverty measures that is able to comply with both properties, FD and SIIS.

Theorem 1. A multidimensional poverty measure P satisfies AN, NM, MN, SF, PP, FD, SD
and SIIS if and only if there exists a=(a,,..,a,)e RX with Z;aj =1 such that for all

ne N and Xe X;: P(X;z)=1/n2f(ci_) Zaj

ie$; jellk e, =1
where f(c,): RE¥xR¥ —(0]1] is non-decreasing in d, =#{cij‘c[j =1} and has a
nondecreasing (nonincreasing) marginal'* in case attributes are considered to be substitutes

(complements).

The new family of poverty indices is based on a multiple step identification function that
replaces the single step function currently used for the identification of the poor:

fle) if max{e, =1)

Pes(€,32) ={ 0 i maxic, =0 (1.04)

Instead of dividing a society into the poor and non-poor, the new function differentiates

between the non-poor on one hand and different degrees of poverty severity on the other

(Rippin 2009). While the new function is always nondecreasing in the number of

deprivations, the marginal increase in poverty severity is lower the higher the substitutability

between attributes. Consequently, individuals suffer different degrees of poverty severity

dependent on 1) the attributes in which they are simultaneously deprived, and ii) the kind of
relationship that exists among these attributes.

For the purpose of illustration, consider the following identification function:

o if max{c,}=1

p..(c,;z) ={ 0 if maxic,}=0 (1.05)

Equivalent to the case of intra-personal inequality, alpha is interpreted as an indicator for

inequality aversion. However, different from the case of intra-personal inequality, the choice

of alpha directly implies assumptions about the relationship among attributes and vice versa.

' A function f(x) has a nondecreasing marginal if f(xg +1)— f(xg) 2 f(x, +1)— f(x,) whenever X, 2x,.
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More precise, higher inequality aversion implies the assumption of a higher level of
substitutability among attributes and vice versa. Figure 1.02 illustrates this fact without loss of

generality for the case of three equally weighted attributes.

Figure 1.02 The Correlation Sensitive Identification Method
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The lighter shade indicates the area in which @ <1. p_(c,;z) approximates a concave
shape, i.e. the increase in the level of poverty severity is marginally decreasing in the number
of deprivations as the loss in even one attribute can hardly be compensated. This, in turn,
implies a low level of inequality aversion: as already the loss in one attribute can barely be
compensated, there is in fact no need for a strong focus on inequality. In the extreme case of
a =0, inequality can be neglected as attributes are perfect complements and therefore non-
substitutable. This is the representation of the union method.

The darker shade highlights the area in which @ >1. p (c,._;z) approximates a convex
shape, i.e. the increase in the level of poverty severity is marginally increasing in the number
of deprivations: the lack in only one attribute leads to a rather low poverty degree as k — 1
other attributes can compensate for the loss. Obviously, there is a need for a strong focus on
inequality as expressed in a high value of alpha. In the extreme case of perfect substitutes and
infinite inequality aversion, i.e. — o, the resulting identification function approximates a
sort of “Rawlsian” function where poverty is defined solely by those who suffer maximal
deprivation (see Jayaraj and Subramanian 2010). This is the representation of the intersection
method.

Finally, in the case a =1, p_ (c,._;z) coincides with the 45° degree line. Attributes are
independent, implying that inequality aversion is linearly increasing in the number of

deprivations. Please note that the new identification method does not naturally comprise the
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intermediate method — though it can easily be modified to do so ' 1t’s a direct consequence
of the method’s inconsistent assumptions about the relationship among attributes.

The second part of figure 1.02 illustrates the different attribute constellations according to
which individuals are characterised as poor. To account for all those who are deprived in at
least one dimension acknowledges the essentiality of every single poverty attribute and, as we
will see later, ensures the efficiency of the new class of poverty indices. This number,
however, is too high to be useful; in fact, it coincides with the poor as identified by the union
method. Therefore, the distinction between different degrees of poverty severity as illustrated
in the figure by different shades is crucial. One possibility to use the additional information
for poverty headcount purposes is to divide the poor in different groups. For example, in the
empirical application in section five of this chapter, I differentiate between the deprivation
affected (0 < &, <1/3), the poor (1/3 <6, <2/3) and the severely poor (2/3< 6, <1).

In the following, I will compare this new class of poverty indices with three other well-
known classes of ordinal poverty measures. Thereby, I will make also use of the valuable
property of the information theory approach, i.e. that it can be utilized as an add-on tool to
scrutinize whether a particular poverty index makes efficient use of the information that is
available. As described in section 1.3.3, the °‘optimal’ Information Technology (IT)
aggregation function in the case of ordinal poverty measures is (Maasoumi and Lugo, 2008):

12
S, o< lek‘,}w _,J (1.06)
with 4#0, and w;being the weight attached to the Generalized Entropy divergence

from each attribute. This is the formula I will utilize in the following comparison.

The multidimensional Bossert, Chakravarty and D’ Ambrosio class of poverty measures
Ir

Pyp = 1/:@‘{ Za,} (1.07)

ieS; | jefl....kke;=1

with r >1.
The restriction r =1 excludes the possibility that attributes might be complements, i.e.
the index satisfies NEPC but not SIIS. In other words, it is only able to capture considerations

of distributive justice but neglects the concept of efficiency. This becomes also obvious if one

N s if 526, : X o .
" Define pCS(cl..;z)={’ 020w . For the special case a =0, p,_(c,;z)coincides with the

0 otherwise

intermediate method itself.
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compares Py, to formula (1.06): this class of poverty measures satisfies the efficiency
criterion of the information theory approach only if a non-complementary relationship exists
between attributes, i.e. only in case the two concepts of distributive justice and efficiency do

not diverge.

The multidimensional Chakravarty and D’Ambrosio class of poverty measures

Py, =1nd| >a; (1.08)

ieS;| je{l...k}ke;=1
P.,, imposes the same non-decreasing marginal assumption as P,.,, i.e.r 21, rejecting
the possibility that attributes might be complements. Thus, like P,.,, this class of poverty
indices accounts only for considerations of distributive justice but not efficiency, a fact that is
concealed as long as the two concepts do not diverge, i.e. in case a non-complementary

relationship exists between attributes.

The multidimensional Alkire and Foster class of poverty measures

M,=1/ nz Za i
ieS; je{lk ;=1 (1.09)
AS 2SI
Contrary to the other two classes of poverty measures, aggregation of attributes according
to M,is never efficient in an information theory sense: the optimal IT aggregation function
imposes a union definition of poverty (Maasoumi and Lugo 2008, p. 10). This comes at no
surprise as any other definition of poverty — including the intermediate method — discards
information about the distribution of attributes that would be required to ensure efficiency.

Thus, this class of poverty measures does not fulfil NEPC nor the more demanding SIIS, i.e. it

is insensitive to both, considerations of distributive justice as well as efficiency.

The multidimensional Correlation-Sensitive class of poverty measures

Pcs(X§Z)=1/nZ§[a zaj zl/nzdam

ieS;  je{l..k}e;=1 =3 (1.10)

Contrary to M,, P. aggregates attributes in an efficient manner. Its specific
identification function includes all deprivation affected individuals and therefore all available
information on the distribution of attributes of those who are deprived. In this sense it is
comparable to the union method that is mandatory for IT efficiency. At the same time, the fact
that @ can assume positive as well as negative values ensures that attributes can be
substitutes or complements (or independent). Therefore, it is the only class of poverty indices

that accounts for both concepts, distributive justice as well as efficiency. Also note that the
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final formula of P, (1/ nzies_ S7") is the result of a two-step calculation with zies_ 0"

being the individual weight calculated in the identification step. This clear separation between
the identification and the aggregation step enables the additivity of the index in the

aggregation step — and thus the fulfillment of FD.

Table 1.01 compares the different classes of poverty measures according to the properties

that they do or do not satisfy.

Table 1.01 Axiomatic Foundation of Selected Ordinal Poverty Measures
F,

s
3
s

Axioms

Anonymity (AN)

Monotonicity (MN)

Principle of Population (PP)

Strong Focus (SF)

Normalization (NM)

Subgroup Decomposability (SD)

Factor Decomposability (FD)

Sensitivity to Inequality Increasing Switch (SIIS)

A

IENENENENENENEN IS
ENE IR NENENENENEN

QL x xRS

NN NN NN

Please note that the special merit of P, is the simultaneous fulfilment of SIIS, FD and
SD. Though P, is additive, the precondition for the fulfilment of FD, the differentiation
between degrees of poverty severity ensures its compliance with considerations of distributive
justice as well as efficiency.

The close connection between the classes of poverty indices presented above can easily

16

be established for the case of equal weights, i.e. a i = 1/k for all je {l,...,k} °, and under the

condition & > 0, i.e. in case attributes are substitutes.

Proposition 1.

Define 7 —zk (j/k)*H. where H. = /n is the proportion of the population that is
a j=1 J j i q j prop pop

deprived in j poverty dimensions and & > 0. Then:

Pp=. (j/k)"H, =z, (1.11)
Mo=Zi:1(j/k)lH,-=7rl (1.12)

Py = (Z;(j/ k)™"'H, )WH) = (m,)" " (1.13)
Pes = (/k)"H, =7, (1.14)

Please note that P, and P come to the same result 7, ,. However, the former reaches
it by assuming a substitute relationship among attributes. The latter, on the other hand,
reaches it through the additional weight that individuals receive in the identification step in

dependence of their degree of poverty severity. It is this differentiation between the

'® Compare Jayaraj and Subramanian (2010), p.55



32 CHAPTER 1. ORDINAL POVERTY INDICES

identification and the aggregation step that ensures the additivity of P.g. Thus, M, and P
are the only additive classes of poverty measures and the remainder of the chapter focuses on

a comparison of the two.

Poverty Decompositions
A direct consequence of the insensitivity of M to inter-personal inequality is that the
index can only be decomposed into the product of poverty incidence and intensity (Alkire and

Santos 2010).
Proposition 2.

M, =H-[(®) (1.15)

with the censored headcount ratio H = (¢/n) measuring the incidence of poverty, and

the censored aggregate deprivation count ratio ,[1(8) =1/ c}z Za ; measuring the average
ieS; iilz,égn}cfl

intensity of poverty breadth.

P, on the other hand, can be decomposed into all three ‘I’s of poverty’ (Jenkins and
Lambert 1997): incidence, intensity and inequality. Let me first introduce an inequality index
that is based on the distribution of deprivation counts and is a representative of the

Generalized Entropy (GE) class:

[1/n@* -0 [(x,/w)’]-1 6#0,1
GE(x)=1-1/n) " log(x,/ i) 6=0 (1.16)
1y (x 1 )log(x, / i) =1

With the GE class for 8 # 0,1, P.¢ can be decomposed as follows.

Proposition 3.
P (X;z) = H - 1(8)" -[1+2GE, (8)] (1.17)

with @ =a+1, the headcount ratio H =(q/n) measuring the incidence of poverty, the

aggregate deprivation count ratio ﬁ(ﬁ):(l/q)z Zaj measuring the intensity of
ieS; je{l,...k}e,;=1

poverty breadth and the GE inequality measure of deprivation counts
GE(®)=[1/9(6* - 9)]2[5[ / 1(8)1° =1 capturing inter-personal inequality.

i€S;
Please note that the poverty incidence is in fact the headcount of the deprivation affected,

a number too high to be useful as has already been pointed out. But again, the new class of
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poverty indices has a special feature that is illustrated in the empirical application: it allows
the decomposition of poverty incidence according to different levels of poverty severity.

The theoretical analysis revealed that the new class of correlation-sensitive poverty
indices has a couple of methodological advantages over other ordinal poverty measures. In
order to analyse the empirical implications of the methodological advantages, the remainder

of the chapter concentrates on an application to poverty in India.

1.5 Poverty in India

In this section I will illustrate the implications of the theoretical modification developed in
this chapter with the Indian data set from the Demographic and Health Surveys (DHS),
nationally representative surveys that are mainly funded by the US Agency for International
Development (USAID). In particular, I will compare the MPI as the prominent representative

of M, with a representative of P, called Correlation Sensitive Poverty Index (CSPI):

CSPI=1/n).6, Y a, =1/n) 6]
ieS;  jef{l...kke;=1 ieS$; (1'18)

In words, the CSPI is based on the assumption of independent attributes (& =1). The
empirical application follows the MPI's choices with regard to poverty dimensions,
indicators, thresholds and weights. Though these choices, especially with regard to equal
weighting, have been the subject of severe criticism, their utilisation in this context is for
illustrative matters only and occurs without loss of generality: the new measures can as well
be applied to other choices of parameters, including weights.

Thus, in accordance with the MPI, I focus on the three equally weighted poverty
dimensions education, health and living standards which are captured by an overall of ten
indicators. The health dimension is measured by the two equally weighted indicators nutrition
and child mortality. A household is deprived in nutrition if any woman in reproductive age
(15-49) has a Body Mass Index (BMI) smaller than 18.5 or if any child has a weight-for-age
z-score below -2.0 according to World Health Organization (WHO) statistics. A household is
deprived in child mortality if any child regardless of age died in the household.

The education dimension is captured by the two equally weighted indicators years of
schooling and child enrolment. A household is deprived in years of schooling if no member of
the household has at least five years of schooling. It is deprived in child enrolment if any child

in school age is not attending school.
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The living standard dimension is measured by an overall of six equally weighted
indicators, cooking fuel, sanitation, water, electricity, floor and assets. With regard to the first
five indicators, a household is deprived if Millennium Development Goals (MDGs) standards
are not met. A household is asset deprived if it neither owns a car or truck nor possesses more

than one of the following small assets: tv, radio, telephone, refrigerator, bicycle or motorbike.

Figure 1.03 provides an overview of the different dimensions, indicators and thresholds
used for the calculation of the MPI and CSPI:

Figure 1.03 The Structure of the MPI

Dimension Main Capability  Indicator Threshold (Household Level)
At least one of the following:
Nutrition 1. At least one woman age 15-49 with BMI < 18.5
Health Bodily Health 2. At least one child with weight-for-age z-score < -2.0
Egid Mortality At least one child under the age of 18 died
Senses, Schooling No member with at least five years of schooling
Education  Imagination and
Thought Enrolment At least one child in school age not enrolled
Cooking Fuel = Harmful material is used for cooking (straw, dung, coal etc.)
. Sanitation Toilet either unhygienic (no facility, open lid, etc.) or shared
.. Bodily Health - -
Living Water Water source is unprotected or more than 30 minutes away
Control over — —
Standards . Electricity No access to electricity
Environment e
Floor Floor material is earth, sand or dung
Assets Not more than one small asset and no car/truck

For a first illustration of the difference between the MPI and the CSPI consider the

following example that is taken from the 2005 Indian DHS (yes indicates deprivation).

Table 1.02 A Comparison of Five Indian Households (DHS 2005)

HH Education Health Living Standards MPI | CSPI
Years | Attendance | Mortality | Nutrition [Electricity | Water | Sanitation | Flooring | Cooking | Assets

1 yes yes yes no yes yes no yes no yes |0.72210.522

2 yes no no no yes yes no yes yes no |0.389]0.151

3 no no no no yes yes yes yes yes no |0.000 |0.077

4 no yes no no no no yes no no no | 0.000 | 0.049

5 no yes no no no no no no no no | 0.000 | 0.028

The five households are deprived in different indicators, with household 1 suffering from
the highest and household 5 from the lowest number of simultaneous deprivations. The most
obvious difference between the two poverty indices is the fact that the MPI considers only
households 1 and 2 as poor whereas the CSPI acknowledges the fact that poverty exists in all
five households — though to very different degrees.

Consider, for instance, household 2 and 3. Both households are deprived in five

indicators yet with different weights. Household 2 is deprived in years of schooling (weight:
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1/6), electricity, water, floor and cooking fuel (weight: 1/18). Therefore, its MPI value is
I1x1/6+4x1/18=0.389. Household 3 on the other hand is deprived in electricity, water,
sanitation, floor and cooking fuel (weight: 1/18). Therefore, its MPI value is zero as
5x1/18=0.278 <1/3. Thus, due to the difference in the weights, household 3 is not
considered poor whereas household 2 enters the index with the considerable weight of 0.389.
The CSPI, on the other hand considers both households as poor though household 2 enters the
index with a weight of 0.151 and household 3 with a weight of 0.077 — which seems to reflect
the situation of the two households more appropriately.

The following table provides an overview of poverty rates and decompositions for 29

Indian states and union territories according to MPI and CSPIL.

Table 1.03 Poverty Rates and Decompositions Selected Indian States

State MPI CSPI

Value H A(8) Value H H(D) GE(d)
Kerala 0.051 0.126 0.405 0.041 0.852 0.182 0.226
Delhi 0.057 0.132 0.432 0.039 0.596 0.212 0.228
Goa 0.084 0.195 0.429 0.054 0.705 0.234 0.195
Mizoram 0.090 0.200 0.447 0.059 0.732 0.236 0.221
Punjab 0.114 0.248 0.459 0.074 0.817 0.250 0.225
Himachal Pradesh 0.121 0.294 0.412 0.074 0.895 0.253 0.148
Tamil Nadu 0.132 0.311 0.425 0.077 0.847 0.261 0.170
Sikkim 0.156 0.333 0.468 0.095 0.861 0.280 0.208
Maharashtra 0.182 0.382 0.476 0.110 0.861 0.306 0.184
Uttaranchal 0.185 0.398 0.464 0.109 0.833 0.317 0.148
Manipur 0.185 0.398 0.465 0.112 0.951 0.295 0.178
Haryana 0.188 0.399 0.473 0.114 0.883 0.309 0.180
Jammu and Kashmir 0.193 0.411 0.470 0.116 0.889 0.313 0.166
Gujarat 0.203 0.416 0.488 0.123 0.831 0.332 0.169
Andhra Pradesh 0.206 0.439 0.468 0.120 0.881 0.321 0.161
Karnataka 0.208 0.439 0.474 0.123 0.888 0.323 0.165
Nagaland 0.247 0.487 0.508 0.154 0.949 0.348 0.171
Tripura 0.266 0.534 0.497 0.160 0.953 0.360 0.149
Arunachal Pradesh 0.277 0.536 0.517 0.171 0914 0.375 0.166
Meghalaya 0.300 0.554 0.541 0.190 0.920 0.395 0.162
West Bengal 0.308 0.575 0.536 0.192 0.922 0.400 0.151
Assam 0.318 0.603 0.527 0.196 0.937 0.407 0.129
Orissa 0.339 0.630 0.538 0.213 0.950 0.420 0.134
Rajasthan 0.342 0.631 0.542 0.216 0.939 0.426 0.132
Uttar Pradesh 0.370 0.681 0.544 0.230 0.946 0.446 0.109
Chhattisgarh 0.372 0.698 0.533 0.227 0.951 0.443 0.111
Madhya Pradesh 0.374 0.681 0.550 0.236 0.940 0.452 0.113
Jharkhand 0.443 0.748 0.593 0.296 0.960 0.506 0.103
Bihar 0.480 0.795 0.604 0.323 0.972 0.529 0.093

The results presented in table 1.03 reveal that, due to the additional cut-off, poverty
according to the MPI is deflated in less poor and inflated in poorer states. At first glance this
might seem as an advantage as it draws the attention to the poorest states, but these results are

actually quite pernicious from a policy perspective. Due to the MPI’s insensitivity with regard
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to inequality, highest attention is paid to those closest to the cut-off, and least attention to the
poorest of the poor. Yet, in the poorest countries with the most severe budget constraints,
targeting the neediest is of utmost importance. Again due to the additional cut-off, the MPI
values for poverty incidence are deflated at the cost of an inflation of poverty intensity. In less
poor states, poverty intensity is a multiple of poverty incidence which makes the values
difficult to interpret. It is a great advantage of the CSPI that it avoids such distortions and
allows for better targeting due to its sensitivity to inequality.

As already pointed out, CSPI poverty incidence is the headcount of the deprivation
affected. The decision to consider all deprivation affected households is based on the
assumption of the essentiality of each poverty attribute and ensures the IT efficiency of the
index; the resulting headcount, however, is too high to be useful. But the new identification
method additionally provides information about the different degrees of poverty severity that
can be utilised to divide poor households in different groups. Here, I differentiate between the
deprivation affected (0<o, <1/3), the poor (1/3<6,<2/3) and the severely poor
(2/3<06,<1).

Table 1.04 The CSPI and Selected Decompositions for India (DHS 2005)

State Headcount Contribution of Indicators to Poverty

g B

> g ao" on k= > = LE

2 £ Ex > £ & =2 5 3 g 2
6 2 E 258 3 3 & 2 22 & 5 £ & 4
Andhra Pradesh 0.120 0.321 0.161 44% 39% 5% 14% 9% 13% 23% 2% 11% 2% 5% 11% 9%
Arunachal Pradesh 0.171 0.375 0.166 38% 41% 13% 14% 19% 13% 17% 4% 8% 3% 4% 10% 9%
Assam 0.196 0.407 0.129 33% 48% 13% 11% 9% 11% 20% 9% 9% 4% 10% 10% 7%
Bihar 0.323 0.529 0.093 18% 52% 28% 13% 16% 13% 20% 7% 8% 1% 8% 9% 6%
Chhattisgarh 0.227 0.443 0.111 25% 54% 15% 10% 11% 14% 22% 4% 10% 3% 9% 10% 7%
Delhi 0.039 0.212 0.228 46% 12% 1% 10% 18% 18% 25% 0% 12% 4% 1% 5% 7%
Goa 0.054 0.234 0.195 51% 18% 1% 7% 9% 8% 32% 1% 11% 6% 7% 11% 7%
Gujarat 0.123 0.332 0.169 41% 36% 6% 10% 10% 14% 27% 3% 10% 3% 6% 10% 8%
Haryana 0.114 0.309 0.180 48% 34% 5% 7% 14% 13% 26% 2% 10% 3% 7% 12% 7%

Himachal Pradesh 0.074 0.253 0.148 60% 29% 1% 4% 4% 11% 33% 1% 14% 4% 7% 15% 9%
Jammu &Kashmir 0.116 0.313 0.166 48% 36% 5% 7% 14% 13% 22% 2% 12% 5% 8% 11% 7%

Jharkhand 0.296 0.506 0.103 21% 47% 28% 10% 14% 12% 20% 7% 9% 5% 8% 9% 1%
Karnataka 0.123 0.323 0.165 45% 38% 5% 9% 12% 13% 25% 2% 11% 3% 5% 11% 8%
Kerala 0.041 0.182 0226 73% 12% 0% 3% 7% 9% 33% 4% 3% 9% 3% 19% 10%
Madhya Pradesh 0.236 0.452 0.113 26% 49% 19% 10% 12% 14% 22% 4% 9% 4% 8% 9% 1%
Mabharashtra 0.110 0.306 0.184 48% 34% 4% 7% 10% 12% 26% 4% 11% 2% 8% 10% 8%
Manipur 0.112 0.295 0.178 55% 35% 4% 6% 13% 11% 18% 3% 10% 8% 12% 11% 7%
Meghalaya 0.190 0.395 0.162 37% 41% 14% 15% 18% 8% 18% 5% 8% 6% 4% 10% 9%
Mizoram 0.059 0.236 0.221 53% 19% 2% 8% 14% 13% 25% 3% 6% 5% 1% 10% 13%
Nagaland 0.154 0.348 0.171 46% 40% 9% 12% 16% 10% 16% 4% 8% 6% 9% 11% 9%
Orissa 0.213 0.420 0.134 32% 49% 14% 12% 9% 12% 21% 7% 10% 3% 8% 10% 8%
Punjab 0.074 0.250 0.225 57% 22% 3% 11% 15% 13% 24% 1% 10% 0% 8% 12% 5%
Rajasthan 0216 0.426 0.132 31% 47% 16% 11% 14% 14% 21% 5% 9% 4% 6% 10% 7%
Sikkim 0.095 0.280 0.208 53% 29% 4% 15% 19% 9% 14% 2% 7% 5% 6% 11% 11%
Tamil Nadu 0.077 0.261 0.170 54% 30% 1% 9% 5% 13% 26% 3% 14% 2% 5% 13% 10%
Tripura 0.160 0.360 0.149 42% 44% 9% 10% 7% 12% 23% 6% 6% 5% 11% 11% 8%

Uttar Pradesh 0.230 0.446 0.109 27% 52% 16% 9% 14% 16% 20% 7% 9% 1% 8% 10% 6%
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Uttaranchal 0.109 0.317 0.148 43% 36% 4% 7% 8% 13% 26% 4% 10% 3% 9% 12% 8%
West Bengal 0.192 0.400 0.151 35% 45% 13% 14% 11% 11% 22% 7% 8% 1% 8% 10% 7%
India 0.179 0.386 0.160 37% 42% 12% 11% 12% 13% 22% 6% 9% 2% 7% 10% 7%

Table 1.04 illustrates this decomposition of the overall headcount ratio and the additional
information that it provides. For instance, whereas the vast majority of Kerala’s population is
deprivation affected (73%), the percentage of those who are severely poor is zero. In Bihar,
on the other hand, the percentage of the deprivation affected is rather low (18%) as the vast
majority (80%) are either poor (52%) or severely poor (28%). The differentiation augments
the knowledge about the poverty structure in different regions and countries, a valuable
property for policy makers.

The table also demonstrates the advantages of the index’s additive structure, also
especially relevant for policy makers: factor decomposability facilitates the decomposition of
the CSPI according to the contribution of the different attributes to overall poverty. For
instance, in Himachal Pradesh, the contribution of the health dimension is 44%, other areas of
concern include cooking fuel (15%) and sanitation (14%). In Sikkim, on the other hand, it is
especially the education dimension that contributes to poverty (34% compared to 8% in
Himachal Pradesh). Thus, it would be advisable for policy-makers to design a different set of
policies for each country; in Himachal Pradesh this would include special efforts to enhance
the health care system, in Sikkim a stronger focus should be on investments in the education
system.

However, the main advantage of the CSPI is the additional information that it provides
with regard to inter-personal inequality. The benefits of this feature are best appreciated by

means of regional poverty maps.
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Figure 1.04 Indian Poverty Maps according to MPI and CSPI
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Figure 1.04 presents the regional poverty maps according to the decomposed MPI and
CSPI, respectively. Obviously, the MPI is only able to provide poverty maps for poverty
incidence and intensity whose explanatory power is in addition reduced as a result of the
artificial cut-off. The CSPI, on the other hand, is able to provide a much more detailed and
distinct picture of poverty. Without the MPIs sensitivity to an arbitrary cut-off, it is able to
clearly identify the best and worst performers with regard to the different poverty
components. The states demonstrating the highest levels of poverty incidence are Bihar and
Jharkhand. Both states are also the ones with the highest level of poverty intensity, followed
by Madhya Pradesh, Uttar Pradesh, Rajasthan and Orissa. Some of the best performers with
regard to overall poverty, especially Kerala, but also Punjab, Mizoram and Sikkim, are the
worst performers with regard to inequality. The detailed picture of poverty provided by the
CSPI allows for more informed policy making; the removal of distortions and the sensitivity

with regard to inter-personal inequality enhances targeting.

1.6 Conclusions

This chapter takes a more holistic approach to inequality between dimensions than currently
done in the literature by defining it as the association-sensitive spread of simultaneous
deprivations across the population, a definition that accounts for the two concepts of

distributive justice and efficiency. It was demonstrated how the introduced axiomatic pendant
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to the expanded definition implies a new identification method that was used to derive a new
class of poverty indices. This class is unique in the sense that it is the first class of additive
poverty indices that is simultaneously i) sensitive to distributive justice considerations and
therefore explicitly accounts for the fact that households may suffer from simultaneous
deprivations, ii) sensitive to the relationship between attributes, thereby explicitly accounting
for the concept of efficiency. As a result, it improves the precision and detailedness of poverty
profiles, thereby enhancing the targeting of poverty reduction policies.

Obviously, this chapter leaves a lot of issues related to the topic of multidimensional
poverty measurement untouched. It does not question the weights and poverty thresholds of
the MPI. Also, the chapter follows the literature in assuming the same relationship between
each pair of poverty attributes. Though there seems to be good reason to assume an
independent relationship between poverty dimensions, the same does not hold in the case of
attributes, especially for those displaying the same poverty dimension. A first step to take care
of this problem has been introduced by Silber (2011) who suggested to first aggregate
attributes into the respective poverty dimensions, taking care of their most likely dependent
relationship, and only afterwards to aggregate the most likely independent dimensions
themselves. This seems to be a promising approach for future research. Last but not least, the
present chapter focuses only on ordinal poverty indices. The issue of cardinal poverty indices

will be the subject of the following chapter.



Chapter 2

Efficiency and Distributive Justice in Cardinal
Poverty Indices:
The Inequality Sensitive Poverty Index

As in the previous chapter, the focus of this chapter is on the two concepts of distributive
justice and efficiency, only this time within the context of cardinal multidimensional poverty
measurement. Within this framework, the concept of distributive justice is usually equated
with the concept of efficiency, i.e. inequality between dimensions is usually equated with
association-sensitivity. This chapter follows the argumentation of the previous one,
suggesting to define inequality between dimensions as the association-sensitive spread of
simultaneous deprivations across the population. As is in the ordinal framework, the more
holistic approach to inequality between dimensions facilitates the introduction of a new axiom
as well as the utilization of the same new identification method introduced in the previous
chapter. As in chapter one, this approach provides the basis for a new class of
multidimensional poverty indices. The latter is again unique in the sense that it is the first
cardinal class of additive poverty indices that is able to take care of considerations of
distributive justice and efficiency at the same time. A representative of this class is the
Inequality Sensitive Poverty Index (ISPI) that is exemplarily applied to DHS data sets for a
sample of 28 countries and again illustrates the empirical relevance of the new

methodological approach.

2.1 Introduction

The fact that poverty is a multidimensional phenomenon is undisputed, even in the
income poverty literature. In fact, income is not supposed to be important per se but rather to
serve as an indicator for economic resources that enable individuals to satisfy their
multidimensional needs. However, the suitability of insufficient income as indicator for
poverty has been increasingly questioned (e.g. Rawls, 1971; Sen, 1985; Dreze and Sen, 1989;
UNDP, 1995). Like the first, also this second chapter utilises a multidimensional approach to
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measure poverty, building on Amartya Sen’s capability approach (Sen, 1985; 1992; 1997,
2009). The poor within a society are defined as those unable to achieve a minimum capability
set of elementary functionings, like the ability to be well-nourished or to have access to
education. Such a definition implies that the opportunity of the poor to develop their human
capital and reach their full potential is limited by external circumstances, such as socio-
economic background, race, gender, religion, poor health, or malnutrition.

A direct consequence of this definition of poverty is that inequality among the poor is
inequality in the inability to develop the own potential due to external circumstances, i.e.
factors that are “beyond the scope of individual responsibility” (Marrero and Rodriguez, 2010,
p-3). This explains why Amartya Sen (1976) so forcefully requires any reasonable poverty
index to be sensitive to inequality: inequality among the poor is in fact inequality of
opportunity that should be fought not only from a distributive justice perspective, but as well
from an aggregate perspective as it wastes human capital and thus limits the overall expansion
of capabilities in a society (Sen, 1992; Marrero and Rodriguez, 2010).

In a multidimensional framework, inequality persists in two forms: inequality within
dimensions (Kolm, 1977) and inequality between dimensions (Atkinson and Bourguignon,
1982). Whereas the former is defined as the spread of distributions within poverty
dimensions; the latter is usually treated as association sensitivity (e.g. Bourguignon and
Chakravarty, 2003; Seth, 2011).

This chapter claims that the latter approach is inappropriate as it equates the two concepts
distributive justice and efficiency which in reality are in tension, sometimes even opposed to
one another. Inequality should not be reduced to an evaluation of how efficient poverty
attributes are distributed among the poor but also consider who gains and who loses from
redistributions. Therefore, the new property “Inequality Sensitivity (IS)” is introduced that
basically requires poverty to increase (in the case of substitutes) or to decrease (in the case of
complements) if an association increasing switch between two poor persons comes at the
expense of the poorer of the two.'” It is demonstrated that the new axiom uniquely
characterises a class of poverty indices that is actually the first that though additive is

nevertheless able to account for both inequality within and between dimensions.

71 follow the Auspitz-Lieben-Edgeworth-Pareto (ALEP) definition of substitutability and complementarity. The
ALEP definition considers two attributes to be substitutes if their second cross partial derivatives are positive.
Intuitively, an increase in one attribute decreases poverty the less the higher the achievements in the second
attribute. In the same way, attributes are considered to be complements, when the respective cross partial
derivatives are negative and independent in case they are zero.
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The empirical implications are demonstrated for a sample of 28 developing countries for
which three different indices are calculated: 1) the M of the Alkire and Foster class of
indices (2011) that is insensitive to either type of inequality, ii) the multidimensional FGT
class of indices that is sensitive to inequality within dimensions, and, finally, iii) the new class
of inequality sensitive poverty indices P, that, as the name suggests, is sensitive to within
and between dimensional inequality. The relevance of the sensitivity requirement with regard
to both types of inequality is easily established once the distinct changes in country rankings
induced by the switch from one index to the next are investigated.

The chapter proceeds as follows. The second section provides a brief introduction in the
theoretical background of the chapter. Section three lays the axiomatic foundation for the
derivation and decomposition of the new class of indices in section four that are utilised in the
empirical application presented in section five. Section six concludes. Proofs are relegated to

the appendix.

2.2  Theoretical Background
Let R* denote the Euclidean k-space, and R* c R* the non-negative k-space. Further, let N
denote the set of positive integers. N ={l,...,n} c N represents the set of n individuals of a
typical society and D ={2,...,d} c N the set of d poverty dimensions captured by a set of k
poverty attributes K ={2,...,k} cN.

Let ae R¥ denote the weight vector for the different attributes with z; a; =1 In the

following, I will refer to the quantity of an attribute with which an individual is endowed as
an achievement. The achievement vector of individual i is represented by x, = (x;,...,x; ) and

the respective achievement matrix of a society with n individuals by Xe R where the ijth

entry represents the achievement x; of individual / in attribute ;.

Let X, be the set of possible achievement matrices of population size n and X=UncnX;
the set of all possible achievement matrices. Let z; denote the poverty threshold of attribute j

so that individual i is deprived in j whenever the respective achievement falls short of the
threshold level, i.e. whenever x; < z;. Further, let ze R¥ represent the vector of poverty

thresholds chosen for the different attributes, with the jth element being z;, and Z being the

set of all possible vectors of poverty thresholds.
In the context of this chapter, a poverty index is a function P: X XZ — R. For any

poverty threshold vector ze Z, society 4 has a higher poverty level than society B if and
only if P(X*;z) > P(X";z) for any X*,X"? € X.
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Let ¢; = (¢;,...,cy) represent the deprivation vector of individual i such that ¢, =1 if
x;<z; and ¢; =0 if x; 2z;. Further, let §,(X) - or simply §,- denote the set of
individuals who are poor with respect to attribute j and g the overall number of poor

individuals in a society.

For reasons of simplicity, let &, = { z}a ; denote the sum of weighted deprivations
jel,...k ,C’j:l

suffered by individual i, with ,u(ﬁ):l/qzies’é‘i. Also, let g, =(1-x;/z;)denote the

poverty gap of individual i and attribute j, with x,(g) =1/ q‘iz

i€S; 8ij -

Finally, let p: R¥ xR¥ —{0,1} represent an identification function according to the
component poverty line approach so that individual i is poor if p(c;;z) =1 and not poor if
p(c.;z) =0. The approach is theoretically founded in the strong focus axiom considering each
poverty attribute as essential in the sense that compensation is impossible.'®

Three specifications of the identification function have been suggested so far. The union
method is based on the assumption that all attributes are perfect complements and thus that
every deprived person is considered poor. The intersection method considers all attributes to
be perfect substitutes and thus identifies only those individuals as poor who are deprived in
every single attribute. Both approaches are extreme cases, repeatedly yielding poverty rates
that are plainly inapplicable, being either far too high or far too low (Bérenger and Bresson,
2010; Alkire and Foster, 2011). The third identification method, the intermediate method, has
been developed as a loophole, considering only those individuals as poor that are deprived in
some pre-determined minimum level of weighted deprivations (Mack and Lindsay, 1985;
Foster, 2009; Alkire and Foster, 2011), i.e.:

. > smin
Py (€;2) = {(1) g 2 ;22,;“ (2.01)

Please note that the intermediate method comprises union and intersection method as
extreme cases, i.e. in case Oy = max{ci'}: 1 and o))" = min{c,.'}z 1, respectively.

Though the intermediate method is a convenient way out of the dilemma of extreme
poverty rates, its theoretical justification is questionable. Apart from the fact that the choice of
dn" is arbitrary, the whole method is based on the indirect assumption that up to "
attributes are perfect substitutes whereas they are considered perfect complements from &'

onwards. In response, the first chapter introduced a new identification method that leads to

'8 The other main method for the identification of the poor is called aggregate poverty line approach. The
special feature of this method is that it allows compensation between attributes below and above threshold levels
among those who are poor (Weak Focus Axiom).
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applicable poverty rates and is theoretically founded in the concept of inequality between
dimensions.
The new identification method is based on a multi- instead of a single step identification
function:
h(c,) i maxic,}=1
Pes (€157) :{ 0 if max{c,}=0 (2.02)
h: RY¥ —[0,]] being a function of poverty severity that is nondecreasing with a

nondecreasing (nonincreasing) marginal'® in case attributes are substitutes (complements).
In other words, p, (c;;z) is in a way a fuzzy approach that differentiates between the

poor on one hand and different degrees of poverty severity on the other. The specific shape of
the function is of intriguing simplicity: the function is always non-decreasing in the number of
deprivations, however, the marginal increase in poverty severity is the less the higher the
substitutability between attributes. The former accounts for distributive justice, the latter for
efficiency. The relationship between the two is determined by alpha.

Alpha is an indicator for inequality aversion that is inextricably linked with the
relationship among attributes and vice versa. More precise, a higher level of substitutability

among attributes inevitably implies a higher level of inequality aversion and vice versa.

Figure 2.01 The Correlation Sensitive Identification Method
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Figure 2.01 demonstrates the functioning of the new identification method: instead of
differentiating between the poor and the non-poor, the new function differentiates between the

non-poor on one hand and different degrees of poverty severity on the other.

' A function f(x) has a nondecreasing marginal if f(xg +1)— f(xg) 2 f(x, +1)— f(x,) whenever X, 2x,.
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In case a <1, p,(c;;z) approximates a concave shape, i.e. the increase in the level of
poverty severity is marginally decreasing in the number of deprivations as the loss in even one
attribute can hardly be compensated. This, in turn, implies a low level of inequality aversion:
as already the loss in one attribute can barely be compensated, there is in fact no need for a
strong focus on inequality. This is expressed by a low value of alpha.

In case a>1, p_ (ci,;z) approximates a convex shape, i.e. the increase in the level of
poverty severity is marginally increasing in the number of deprivations: the lack in only one
attribute leads to a rather low poverty degree as k — 1 other attributes can compensate for the
loss. Obviously, there is a need for a strong focus on inequality as expressed by a high value
of alpha.

This way, the new identification method accounts for possible association sensitivity
among attributes through the specific shape of the function: while it is always nondecreasing
in the number of deprivations, the marginal increase in poverty severity is the less the higher

the substitutability between attributes.

2.3  The Axiomatic Foundation for Cardinal Poverty Measures

Four main aggregation methods have been developed in order to derive a composite
index from individual poverty characteristics: i) the fuzzy set approach, ii) the distance
function approach, iii) the information theory approach, and iv) the axiomatic approach (see
Deutsch and Silber 2005). Based on the same argumentation as in chapter one, I refrain from
applying the former two as they do not allow for an attribute-wise consideration of poverty.
The information theory approach has recently been extended to cover the component poverty
line approach (Maasoumi and Lugo 2008). Its special appeal stems from the fact that it
summarizes the information inherent in all attributes in an efficient manner. Nevertheless, the
argumentation of this chapter is that inequality is not only a concept of efficiency but also
includes normative judgments as captured by the concept of distributive justice. The
axiomatic approach provides the most transparent way to take care of these judgments by
explicitly defining properties that poverty indices may or may not satisfy. However, as has
been pointed out in the previous chapter, the information theory approach can be utilized as
an add-on in the sense that all classes of poverty measures can be tested on whether they
satisfy the efficiency criteria of the information theory approach or not. This way, both

approaches can be combined, using the best of both of them.
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This section starts with a brief overview of the list of core axioms (e.g. Chakravarty,
Mukherjee and Ranade 1998, Bourguignon and Chakravarty 1999, Tsui 2002, Bourguignon
and Chakravarty 2003, Chakravarty and Silber 2008) that were already introduced in the

previous chapter.
Non-Distributional Axioms

Anonymity (AN): For any ze Zand Xe X, ,P(X;z)=P(IIX;z) where Il is any

permutation matrix of appropriate order.
Continuity (CN): For any ze Z and X e x;, P(X;z)is continuous on R .

Monotonicity (MN): For any ze Z and X,X e X, if for any individual 4 and any attribute /
X, =x,+B, such that x;,<gz,8>0and x,=xVizh, x;=x.Vj#1lVi,then
P(X';z) < P(X;z).

Principle of Population (PP): If for anyze Z ,Xe X;, andme N X" is a m-fold replication
of X, then P(X";z) = P(X;z).

Strong Focus (SF): For any ze Zand Xe X, if for any individual /z and any attribute /
Xy 22X, =X, +B.6>0, and x, = x,Vi#h,x; = x,Vj #1,Vi,then P(X;z)=P(X’;2).

Subgroup Decomposability (SD): For any X',.,X'e X, and zeZ,
P(X'X?,..,X";z) = Z;:lnl /nP(X';z) with n, being the population size of subgroup
X', I=1L..,vand D n=n

Factor Decomposability (FD): For anyze ZandXe X, P(X;z)= zljzla‘iP(x_ 7))

Normalization (NM): For any ze Z and Xe X, P(X;z) =1 if Xy = 0Vi,j and P(X;z)=0
if x; > zj‘v’i, j. Thus, P(X;z)e [0,1].

AN requires that any personal characteristics apart from the respective achievement
levels are irrelevant for poverty measurement. CN is a rather technical requirement precluding
the oversensitivity of poverty measures. MN requires poverty measures not to increase if,
ceteris paribus, the condition of a deprived individual improves. PP precludes the dependence
of poverty measures from population size and thus allows for cross-population and -time
comparisons of poverty. SF demands that giving a person more of an attribute with respect to
which this person is not deprived will not change the poverty measure. FD and SD facilitate
the calculation of the contribution of different subgroup-attribute combinations to overall

poverty, improving the targeting of poverty-alleviating policies. NM is a simple technical
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property requiring poverty measures to be equal to zero in case all individuals are non-poor

and equal to one in case all individuals are poor.
Distributional Axioms

I will now turn to the group of axioms that specifically deal with inequality issues. Scale
Invariance (SI) requires that a proportional distribution should leave inequality levels

unchanged, ensuring that poverty indices do not change with the unit of measurement.

Scale Invariance (SI): For any ze Zand X, X € X, P(X;z)=P(X";z") where X =XA;
7' = Az with A being the diagonal matrix diag(A;...,4),A; > 0Vj.

In order to capture inequality within dimensions, poverty should not decrease in case the
spread of dimension-specific achievements across society increases. In the one-dimensional
context, this property is referred to as the Pigou-Dalton Transfer Principle. Different
mathematical formulas have been used to extent the property to the multidimensional
framework (de la Vega, Urrutia and de Sarachu, 2010). The one most widely used is the

Uniform Majorization (UM) axiom.

Uniform Majorization (UM): For any ze Zand X,X' e X, if X" =BX”and B is not a
permutation matrix, then P(X;z)< P(X;z), where X" (X'P ) is the attribute matrix of the

poor corresponding to X(X")and B = (b,.,.) is some bistochastic matrix of appropriate order.

UM requires that a transformation of the attribute matrix X'”of the poor in X’ into the
corresponding matrix X’ of the poor in X by an equalising operation does not increase
poverty.

As has been pointed out, in a multidimensional framework exists yet another aspect of
inequality, namely inequality between poverty dimensions. This type of inequality has
traditionally been equated with association sensitivity and captured by the concept of an
association increasing switch.*® The underlying majorization criterion has been proposed by
Boland and Proschan (1988) and was generalized and formally introduced by Tsui (1999) as
“Correlation Increasing Transfer”.

Association Increasing Switch:*' For any two vectors X = (X, x)and X =(x),..., X))

define the two operators A and V as follows: XxAX =(min{x,x},...min{x,,x/}) and

* Based on a paper of Chakravarty and D’Ambrosio (2006) on social exclusion measures, Jayaraj and
Subramanian (2010) introduce inequality between dimensions as the spread of simultaneous deprivations across
a society and based on this definition formulate the property ‘(Strong) Range Sensitivity’. However, the authors
fail to account for association-sensitivity which is why this chapter refrains from employing these properties.

*! Please note that the concept of the ‘Association Increasing Switch’ is slightly different from the ‘Correlation
Increasing Switch’ formulated by Bourguignon and Chakravarty (2003). The latter definition is unclear as it
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xV X' = (max{x,, x},...max{x,,x} }). For every X,X'e X, X' is obtained from X by an
association increasing switch if X" is not a permutation of X and if for some poor individuals

gand h, X, =X, AX,, X, =X, VX, and X, =x,Vme {g,h}

Consider two persons who — though both of them deprived in all attributes — face
different achievement levels: each person has less than the other of at least one attribute. A
switch of achievements is called association increasing if, after the switch, one of the two
persons has at least as much as the other of all attributes.

For the purpose of illustration consider the following situation of three individuals and

four attributes:

i=3,j=4z=(5 5 5 5)and X=

N =
B~ o= N
— N A
— N A

Now, consider the following switches of achievements, first between individual one and

individuals two and three, afterwards between individual two and three:
2 4 4 4 4 4 4 4 4 4 4

2 2|=>(1 1 2 2|=>|2 2 2 2

1
X=(4 1
2 41 1 2 21 1 I 1 1 1
Through the switches, individual one receives strictly higher, individual three strictly
lower achievements in all attributes. Thus, the switches lead to a concentration of attributes
and thus higher inequality. Based on the concept of association increasing switches, Tsui

(1999) introduced the following property.

Nondecreasingness under Association Increasing Switch (NDA): For any X, X e X, such
that X’ is obtained from X by an association increasing switch of substitute attributes,
PX;z2)< P(X;2).

Bourguignon and Chakravarty (2003), however, claimed that in case attributes are
complements, poverty should decrease even though association increasing switches lead to an

increase in within dimensional inequality. In response, they introduce the following additional
property.
Nonincreasingness under Association Increasing Switch (NIA): For any X,X e X, such

that X" is obtained from X by an association increasing switch of complement attributes,
P(X;z) > P(X;2).

requires an increase in the correlation between two attributes but leaves the correlation between all other
attributes unaltered.
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For the purpose of illustration consider left and right shoes to be the poverty attributes in
question. Obviously, the two attributes are complements; a right shoe is only valuable in case
it comes along with a left shoe to make it a pair. Let’s assume an economy with two poor
individuals and given poverty thresholds of ten left and ten right shoes per persons. Further,
let one person have an initial endowment of eight left and two right shoes and the other an

initial endowment of one left and three right shoes:

i=2,j=2,z=(10 10) and X:F 2}

1 3
In other words, person one faces a surplus of six left shoes, person two a surplus of two
right shoes. Obviously, the situation is not efficient. Indeed, two association increasing
switches are possible that would enhance the overall situation. In the first one, the persons

would exchange their amount of left shoes, i.e.:

)
X = ,

in the second their amount of right shoes, i.e.:

,_|8 3
X" = .

Figure 2.02 Pareto-Efficiency and Association Increasing Switches
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Both situations should be preferred to the initial one as an additional pair of shoes is
made available. This is exactly the consideration behind NIA.

But there is an important difference between the two switches that is illustrated in figure
2.02. Under the first switch, the second person gains two additional pairs of shoes, the first
person, however, actually looses one pair. Under the second switch, the first person gains an
additional pair of shoes whereas the situation of the second person remains unchanged.
Though the overall outcome is the same, one person possessing one and the other three pairs

of shoes, the processes that led to the respective outcomes are different. Whereas the first
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switch would be strongly opposed by the first person, the second switch would encounter
much less opposition as it improves the situation of one person without worsening the
situation of the other, a characteristic that has become known in economic theory as pareto-
efficiency. For reasons that are obvious, pareto-efficiency is a rather valuable property for
policy-makers. In the case of complements, pareto-efficiency can always be ensured if
switches are restricted to cases in which the respective minimum achievement levels are not

undercut. Thus, I extend the property NIA to ensure pareto-efficiency.

Nonincreasingness under Pareto-efficient Association Increasing Switch (NIPA): For any
X,X'e X, such that X' is obtained from X by an association increasing switch of
complement attributes between two poor individuals g and 2 with min{x,} < min{x,} and

X, =X, AX,, X, =X, VX, and X, =x,Vme {g,h}, then P(X;z) > P(X;z).

In case all individuals are deprived in all dimensions, sensitivity to (pareto-efficient)
association increasing switches in connection with UM accounts satisfactory for both
inequality within and between dimensions.

But what if individuals suffer from different numbers of simultaneous deprivations? This
is a more than legitimate question, especially since this case serves as the main justification
for poverty measures that go beyond simple averages.

Consider the following situation:

. . 1 255
i=2,j=5z=(35 5 5 5) and X=

2 1 51

and the following two possible switches:
, 12 255 , |1 1 .55
X = ; X' = .
1 1 51 2 2 51

Both switches constitute a weaker version of the original association increasing switches
as they are not limited to persons who are deprived in all attributes. Instead, switches among
persons who are deprived in different numbers of attributes are allowed as long as the
respective switches concern only attributes in which all persons affected by the switch are
deprived. Thus, in the example above, the focus would be on the first two attributes.

This chapter suggests that it is impossible to formulate any reasonable property that is
based on a switch from X to either X'or X”. The reason is that such a general property
would be obliged to include in some way value judgments that weight the severity of
inequality within against inequality between dimensions. As we will see later on, the new
class of poverty indices derived in this chapter captures this specific aspect with an interaction

term.
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A general assessment, however, can be made with regard to the question who — given the
association increasing switch takes place — should be the beneficiary of the switch, i.e. should
the switch to X" or X” be preferred? I suggest that the response to that question depends on
the relationship between attributes. In case attributes are substitutes, the beneficiary of the
switch should be the individual that is deprived in more attributes. In the example above, that
would be X” as the beneficiary of the switch is the second individual that is deprived in three
attributes instead of two. However, in case attributes are complements, pareto-efficient
switches should be preferred, i.e. the individual with the higher minimum achievement level
should be the beneficiary of the switch. In the example, that would be X' as the second
individual has only one unit of the fourth attribute and therefore no use for any additional
amount of attribute one or two. In response, I introduce the following concept of an extended
version of the association increasing switch and, based on that definition, a new property

called Inequality Sensitivity (IS).

Weak Association Increasing Switch: Define d, :#{c,.j‘cii =1}. For any two vectors
X = (X;,..., X, ) and X" = (x],...,x;) define the two operators A and v as follows:
XAX = (min{x,x},...min{x,, x, }¥x, <z,;x, = ¥¥x, 2 z,) and
Xvx' = (max{x,,x},...,max{x,, x; WVx; <z;5x, = x",.ij >z7,).
For every X, X e X;, X is obtained from X by a weak association increasing switch if
X’ is not a permutation of X and if for some poor individuals g and h, X :xg?xh,

X, = thxh and x/, =x,Vme {g,h}.

Inequality Sensitivity (IS): Define d, =#{cl.j‘cij =1}. For some X, X, X"e X, if X and
X" are obtained from X by a weak association increasing switch between two poor
individuals g and / with d, >d, >1 such that:
X, = xg/=\xh, X, = xgtxh and x/, =x,, forall me {g,h} and
X, = ngxh, X, = xg?xh and x/, =x,, forall me {g,h},
then in case attributes are substitutes P(X";z) < P(X’;z) ; in case attributes are complements,

P(X";z) < P(X';z) if and only if min{x’ } > min{x}}.

The concept of inequality increasing switches illustrates the previous observation that
inequality between dimensions is closely related to the relationship between attributes yet not
the same. The central theme of the following section is the derivation and comparison of
poverty indices satisfying different levels of sensitivity to inequality within and between

dimensions.
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2.4  Inequality-Sensitive Poverty Indices
Property 1. A multidimensional poverty measure P satisties AN, CN, NM, MN, SF, PP, FD,

SD, SI, UM and IS if and only if for all ne N and Xe X;:

k
PXim)=ln)  he)), a,f(x,12) (2.03)
with f:[0,c0] = R' continuous, non-increasing and convex, with f(0)=1 and f(t)=c for

. . k
all + >1 where ¢ <1 is a constant. Also, a;> 0 are constants with ijla i= 1.

Finally, h: R¥ —[0,1] is nondecreasing with a nondecreasing (nonincreasing) marginal in
case attributes are substitutes (complements).

The additive structure of the poverty measure is mandatory for the fulfilment of FD and
automatically precludes sensitivity to association increasing switches. It also implies that
sensitivity to inequality between dimensions can only be integrated in the final index through
an adaptation in the identification step, as has been argued in the previous chapter.

The aggregation of individual poverty characteristics into the overall index should
comprise 1) normative judgements in order to guide the allocation of scarce resources to the
most needy, and ii) efficiency considerations in order to ensure that no scarce resources get
wasted. The functional forms of A(-) and f(-) should ensure both.

h(c,)is derived from the identification function p.: RY¥xRY —[0]1] that
differentiates individuals according to the severity with which they suffer deprivation, thereby
ensuring that the neediest receive appropriate attention. In the following, I will concentrate on
the following specific functional form of h(c,) that has been chosen due to its appealing

intuitive and simple design:

8% i 1=1
h(ci)={’ 7 maxie] (2.04)

0 if max{c,}=0

In other words, the degree of poverty severity is measured by the sum of weighted
deprivations to the power ¢ . The parameter ¢ can be interpreted as an indicator for aversion
towards inequality between dimensions, the value of which ought to depend on the
relationship among attributes. In fact, choosing a value for & that is smaller than one directly
implies the assumption that attributes are complements, enforcing a concave shape of h(c,).
In this specific case, inequality between dimensions would actually be preferred, very much in
the same sense as the intuition behind NIPA and IS. Choosing a value for « that is greater
than one, on the other hand, directly determines a substitute relationship between attributes,

enforcing a convex shape of A(c;).
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Several suggestions have been made with regard to the functional form of f().
However, as already noted, it seems that the axiomatic approach with its normative
judgements does well in aggregating across individuals but not across attributes. Thus, I
utilise the following “optimal” IT aggregation functions to ensure that attributes are

aggregated in an efficient manner, wasting no scarce resources (Maasoumi and Lugo, 2008):

k /2
S, o< [Zj_l wﬂiv;]‘ when 4 #0 (2.05)

ko w _
S, o< Hj:lvii when 4 =0 (2.06)

w;being the weight attached to the Generalized Entropy divergence from each attribute.
Please note that the optimal IT aggregation function imposes a union definition of poverty in
the sense that all information about the distribution of attributes is taken care of (Maasoumi
and Lugo 2008, p. 10).

Utilising the component poverty approach, the following family of IT-efficient multi-
dimensional poverty indices can be derived as the «@th moment of the distribution

S, =(S,.....5,):

P(S,;z) = “"ZES, S” (2.07)
with S, representing the respective relative deprivation function according to (2.05) and
(2.06).
In the following, I will introduce five of the most well-known (cardinal) classes of
multidimensional poverty measures and discuss them under the aspect of IT-efficiency.
The first three classes have an additive structure and therefore lend themselves as functional

forms for f(-) as specified in (1). The last two are non-additive.
The multidimensional Foster-Greer-Thorbecke (FGT) class of poverty measures

This class of poverty measures is a multidimensional extension of the Foster-Greer-
Thorbecke index from 1984. The class is IT-efficient; the IT measure for d # 0 as specified in
(2) is a version of this class of poverty measures in case ¥ =0 and v, =1-x,/z;.

P =1/n) a.(l—xi. z‘)e
FGT ZzeS/ je{l,%:}%f_l J/ j (2.08)
. k

with a; > (; Zj:laj =1; 6>1

Like a, € can be interpreted as an indicator for aversion towards inequality within
dimensions. However, different from ¢, @ is limited to values greater than one, reflecting the

fact that it measures the aversion against inequality within every single dimension separately.
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The first multidimensional Chakravarty class of poverty measures

This class of poverty measures is a direct multidimensional extension of the Chakravarty
index from 1983. Like the previous class, this class of poverty measures is also IT efficient;
the IT measure for d # 0 as specified in (2) is a version of this class of poverty measures in

case y=06 and v; =1—(x;/z,)".

Bo=tnY, Za (- /2,0 (2.09)

k}c =1

with a;>0; )" a,=1; 8 (0)

This class of indices satisfies is comparable to the previous one, except for the fact that
the progression of the function f(-) in this case is less regular in the sense that it is rather

steep for very small values of x; and almost linear afterwards.
The multidimensional Watts class of poverty measures

This class of poverty measures is a direct multidimensional extension of the Watts index
from 1968.

_1/,,2 Za log( /X,,) (2.10)

! et ok fe;=1
with a, > 0; Z;aj =1
A disadvantage of this class of poverty measures is that the degree of inequality aversion
cannot be chosen, as it is simply the logarithm. Another disadvantage is that the measure is
unbounded, i.e. its upper bound depends on the units chosen for the poverty thresholds z,,
and not defined for x; = 0. It is, however, IT-efficient; the IT measure for 0 # 0 as specified

in (2) is a normalized version of this class of indices in case ¥ =J and v,f =log(z;/x;) .
The second multidimensional Chakravarty class of poverty measures

This class of poverty measures is a non-additive multidimensional extension of the

Chakravarty index from 1983, and has been introduced by Tsui (2002).

Fe, =1/n Zes[ [T/~ ) —1} 2.11)

Jjefl...k ey=1
with r; € [0,1].
This class of poverty measures is no longer additive. Like the former class this class too
is unbounded, i.e. its upper bound depends on the units chosen for z;. Like the other indices,
it is IT-efficient, precisely the IT measure for 6 =0 (3) is a normalized version of this class of

indices in case ¥ =1 and v, = =(z;/x; ) —1 (Maasoumi and Lugo, 2008, p. 9).



2.4 INEQUALITY-SENSITIVE POVERTY INDICES 55

Bourguignon and Chakravarty (2003) criticised this class of poverty measures for
restricting attributes to substitutes. In response, they introduced the following class of poverty

measures:

The multidimensional Bourguignon-Chakravarty class of poverty measures
Ble

P =1nY | Yali-x/z,) (2.12)

jefL....k ;=1

with a; > 0; Zizlaj =1, 8>1;8=20v <6

As Chakravarty and Silber (2008) point out, this class of indices is less simple than Tsui’s
multidimensional extension since constant elasticity i) is defined between shortfalls rather
than attributes, and ii) does not necessarily equal one. However, the most significant
difference is that this class does not require attributes to be substitutes but instead allows them
to be either substitutes (£ > @)or complements (S < @). This class of indices resembles the
class of IT measures for 6 #0 with v, =1-x;/z;, y=0 and 6=6.

Please note that the new identification method can be applied to all poverty measures. In
case of the additive indices the new identification method ensures fulfilment of IS. All non-
additive poverty measures satisfy IS anyway, however, in case of the multidimensional
Bourguignon-Chakravarty class of poverty measures, no solution has been suggested so far
that would also ensure the fulfilment of NIPA. Due to considerations with regard to the
fulfilment of normalization, factor decomposability and the more regular progression of the
function, the remainder of the chapter will focus on the FGT functional form of f(-),

introducing the following new class of poverty indices:

The multidimensional Inequality-Sensitive class of poverty measures

P :1/nZiESj & Zaj(l_xif/zf)a (2.13)

jE{l,...,k}:cv.:l
: . | | |
wih ;> % Zj:l a,=1; #>1; 0<a <1 in case attributes are complements and ¢ >1 in

case attributes are substitutes.

Table 2.01 compares the different classes of poverty measures according to the properties

that they do or do not satisfy.

Table 2.01 Axiomatic Foundation of Selected Cardinal Poverty Measures

AXiOmS PFGT P(,'l PW I)CZ I)BC PIS
Anonymity (AN) v v v v v v
Continuity (CN) v v v v v v
Monotonicity (MN) 4 v v v v v
Principle of Population (PP) 4 v v v v v




56 CHAPTER 2. CARDINAL POVERTY INDICES

Strong Focus (SF) v v v v v v
Subgroup Decomposability (SD) v v v v v v
Factor Decomposability (FD) v v v x x v
Normalization (NM) v v ) v v v
Scale Invariance (SI) v v v v v v
Uniform Majorization (UM) v v v v v [x!s v
Nondecreasingness under Association Increasing Switch (NDA) X x x v V%! x
Nonincreasingness under Association Increasing Switch (NIA) X x x x V%1 x
Nonincreasingness under Pareto-efficient Association Increasing < « « « «
Switch (NIPA)

Inequality Sensitivity (IS) X x X v v v

15 Only satisfied in case attributes are substitutes, i.e. for § > &
' Only satisfied in case attributes are complements, i.e. for § <

In order to analyse the effects of within and between dimensional inequality on poverty
measurement, I will utilise the following representative of Alkire and Foster’s M|, class of

indices as a base case:

M,=1/n), >a,
ieS; jefl, ke, =1 (2.14)

N&20py"

To this index, I will compare the multidimensional FGT class of poverty measures, i.e.:

P...(X;z)=1n) a(=x.1z)°
FGT( ) /ZIES/jE{l,g}tqjil( i Z]) (2.15)

As well as the new multidimensional Inequality-Sensitive class of poverty measures, i.e.:

P.(X;z)=1/n) & a(1-x,/z.)°
} Z {Z} Y (2.16)

However, before turning to the empirical application, I will decompose the two latter
indices according to the three poverty components incidence, intensity and inequality**.

The Decomposition of the multidimensional FGT class of poverty measures

The following draws on a decomposition done by Aristondo, Lasso de la Vega and
Urrutia (2010) for the one-dimensional case.

Proposition 2.

Py (Xsz)=H > a,(q,/9){[1;@1[1+(6(6 —1))GE,(g)]}
jellnakfe, =1 2.17)

With:

1) the headcount ratio, i.e. H =(q/n), measuring the incidence of poverty,
ii) the aggregate poverty gap ratio for attribute j, i.e. i,(g) =1/gq;, ZES’ g; » measuring the

intensity of poverty, and

*? Please note that due to its insensitivity with regard to any kind of inequality, M ,can only be decomposed into

the product of poverty incidence and intensity (Alkire and Santos 2010).
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iii) the Generalized Entropy inequality index of the poverty gaps for attribute j, i.e.
GE,(g)=[1/(6(8 - 1))][1/qj]2ie& { [g; /,uj (g)]e —1}, capturing within dimensional
inequality. ]

While the multidimensional FGT index does account for inequality within dimensions, it
fails to do so for inequality between dimensions. This failure has been justified with the
explanation that the index’s (wanted) additivity prevents its sensitivity to association-
increasing switches. However, as argued before, association-sensitivity influences inequality
between dimensions yet is not the same. The implication of the more holistic approach taken
in this chapter becomes obvious once we consider the decomposition of the additive ISPI that

comprises both components, within as well as between dimensional inequality.

The Decomposition of the multidimensional Inequality-Sensitive class of poverty

measures

Proposition 3.

Po(Xsz)=H Y a,(q;!pu@d)" (1, ()’[1+(@(a-1)GE,®)][1+ (86 -1)GE,(g)[(g.5)]

jefl..kke; =1

(2.18)

1) the headcount ratio, i.e. H =(q/n), measuring the incidence of poverty,
ii) the aggregate deprivation count ratio, i.e. ((6) =1/ qzies’ o, , measuring the intensity

of poverty breadth,
iil) the aggregate poverty gap ratio for attribute j, i.e. i,(g) =1/gq; ZES’ g; » measuring the
intensity of poverty depth for attribute j,

iv) the GE inequality measure of deprivation counts, 1.e.
GE,(6)=[1/q(a(ax— 1))]2[65 ’ [[J, /,11(6)]“ —1], measuring inequality  between

dimensions,
v) the GE inequality measure of poverty gaps for attribute j, i.e.
GEg(g)=[I/qj(ﬁ(ﬁ—l))]zies_[[gij/,uj(g)]g—1], measuring within  dimensional

inequality for attribute j, and, finally,
vi) an interaction term /(g,8) = [l/quies_é;gg/{[l/qzies_@][l/quies_ gg]}], mapping
the interaction between poverty gaps and deprivation counts.
The new class of Inequality-Sensitive poverty measures explicitly accounts for the fact

that individuals may suffer from multiple simultaneous deprivations, a fact that is
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axiomatically captured by sensitivity to inequality and enables the most comprehensive

decomposition of any additive index developed so far.

2.5 Empirical Application

This sub-section illustrates the implications of the new methodology developed in this chapter
with data from the Demographic and Health Survey (DHS). As the empirical application is
based on a comparison with the inequality insensitive M, as base case it follows many of the
choices of its most prominent representative, the Multidimensional Poverty Index (MPI)
(Alkire and Santos 2010). Like the choice of the DHS data, nationally representative surveys
that are mainly funded by the US Agency for International Development (USAID) and that
Alkire and Santos (2010) privilege over other internationally comparable surveys. The final
country sample consists of 28 countries for which more or less recent DHS surveys exist and
that do not lack any of the indicators chosen for the poverty calculations.

In order to be able to apply cardinal poverty indices, a reasonably meaningful cardinal
interpretation of attributes needs to be ensured though these kinds of choices are, admittedly,
always problematic and disputable.

The index that I will use for the empirical application is a representative of the new
Inequality-Sensitive class of poverty measures called Inequality Sensitive Poverty Index
(ISPI). The ISPI consists of the following five equally weighted indicators: maternal health,
child health, education, living conditions and asset endowment.

A household is deprived in maternal health if any woman in reproductive age (15-49) has
a Body Mass Index (BMI) smaller than 18.5, and in child health if any child has a weight-for-
age z-score below -2.5 according to World Health Organization (WHO) statistics. These two
indicators differ from the rest of the indicators in the sense that they lack definite lower
boundaries. Thus, appropriate boundaries are chosen on the basis of medical reports. In the
case of the BMI, encyclopedia.com states that “a BMI between 13 and 15 corresponds to 48
to 55 percent of desirable body weight for a given height and describes the lowest body
weight that can sustain life”. In the case of weight-for-age z-scores, medical research of Bern
et al. (1997) revealed that weight-for-age z-scores below -4.4 were no longer associated with
an increased risk of mortality. In response, the minimum levels of 14 and -4.5 were chosen for
the normalisation of BMI and z-scores, respectively. For all other indicators, the minimum

level utilised for normalisation is the natural boundary zero.
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A household is deprived in education if none of its members has at least five years of
schooling.

In order to capture the living conditions of a household, I follow a methodology
suggested by Bérenger and Bresson (2010) and derive a Composite Living Index (CLI) that
comprises quantitative and qualitative aspects of living conditions. Precisely, the number of
sleeping rooms per head adjusted by household composition (children under five years of age
receive a weight of 0.5) is utilised as an indicator for overcrowding. This figure is afterwards
refined through the multiplication with a coefficient of penalty that addresses 1) structural
quality as indicated by flooring conditions and connection for power supply, and ii) the
quality of physical amenities as indicated by the quality of drinking water, sanitation, and
cooking fuel. For each of these equally weighted indicators, the threshold is the respective
MDG standard as used for the calculation of the MPI (compare chapter one, p. 28). Thus, the

CLI is calculated as:

CLI = rooms(adj.)*(1 - 0.1*(floor + electricity + water + sanitation + fuel))  (2.19)

Following Bérenger and Bresson (2010), I choose 0.3 as threshold for the CLI.

Finally, a Weighted Asset Index (WAI) captures household deprivation in asset
endowments. The WALI is the sum of the prevalence-weighted” MPI items, i.e. i) television
(0.15), ii) bicycle (0.16), iii) radio (0.10), iv) telephone (0.18), v) motorbike (0.21), and vi)
refrigerator (0.20). According to the characteristics of the distribution, households with a WAI
below 0.27 that do not own a car or truck are considered deprived.

Figure 2.03 provides an overview of the different dimensions, indicators and thresholds

used for the calculation of the ISPI:

Figure 2.03 The Structure of the ISPI

Dimension Main Capability Indicator Threshold (Household Level)

. Maternal Health At least one woman age 15-49 with BMI < 18.5
Health Bodily Health Child Health At least one child with weight-for-age z-score < -2.0

. Senses, Imagination . . . .
Education and Thought Schooling No member with at least five years of schooling
Livin Bodily Health Housing Composite Living Index (CLI) < 0.3
& Control over Weighted Asset Index < 0.27 and does not own car or
Standards . Assets
Environment truck

M, is calculated with a dual cut-off of 20% of the weighted sum of indicators. The
multidimensional FGT class of indices and the ISPI are calculated for the cases 8=a =1.5
and =a=2.

 Brackets contain the prevalence weights of the respective items. Prevalence weights means that all weights are
calculated as the inverse of the frequency with which these items are observed across the sample.
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[Table 2.02]

It is immediately obvious from table 2.02 that distinct rank changes are caused by
utilising cardinal indices instead of the ordinal M. Sixteen countries experience rank
changes once the multidimensional FGT class of indices is applied instead of M, the highest
change being a loss of seven places in the case of Liberia, which is actually huge given the
relatively small sample size. As is obvious from the table, this change is mainly due to the
high levels of poverty intensity within the two dimensions years of schooling and assets that
only cardinal indices are able to capture. Interestingly, Liberia experiences yet another distinct
rank change in case the ISPI is utilised instead of the FGT class of indices. Intuitively, since
poverty in Liberia is mainly concentrated in two dimensions, inequality between dimensions
can be expected to be relatively low, reflected in a lower ISPI value. This is indeed the case.
Liberia reduces a lot of the losses induced by its within-dimensional failures in the
dimensions education and assets and gains five places back in the ranking once the ISPI is
utilised instead of the FGT class of indices.

India, on the other hand, has a rather low degree of inequality within dimensions so that it
gains four places in the ranking once the FGT class of indices is utilised in place of M.
However, poverty intensity and inequality between dimensions, though not high, are
nevertheless distinct, reducing the places gained to two once the ISPI is utilised in place of the
FGT class of indices.

Yet another interesting case is Nigeria. Nigeria demonstrates a combination of slightly
increased within and between dimensional inequality when compared to its reference
countries in the ranking. This characteristic induces a loss of two places once the FGT class of
indices is applied instead of M, and a loss of yet another two places once the ISPI is applied
instead of the FGT class of indices.

These examples plainly illustrate that the characteristics of poverty in a specific country
are more and more uncovered through the change from M| to the FGT class of indices to the
ISPI. The importance that is attributed to these characteristics depends of course on the
individual choices of € and «, the parameters that express the aversion against within and

between dimensional inequality.
[Table 2.03]

Table 2.03 summarizes the results for the case that parameter values are increased from
f=a=1.5 to 6 =a =2, indicating increased levels of inequality aversion. The resulting

changes affect especially those countries that either show rather low or rather high levels of
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inequality, as the significance of outliers gets more pronounced as the level of inequality-
aversion increases. Nigeria, for instances, looses two additional places in the ranking, one
place is lost through the change from M  to the FGT class of indices, the other through the
change from the FGT class of indices to the ISPI.

The empirical results reveal the importance of accounting for within and between
dimensional inequality: The character of poverty is very different from country to country and
the more comprehensively a poverty measure accounts for this, the more accurate is the
insight gained into the very character of poverty in a region, country, district etc. This
additional insight bears the potential to increase precision and effectiveness of poverty

reducing strategies.

2.6  Conclusions

In the case of cardinal poverty indices, inequality between dimensions is usually treated as
association-sensitivity. However, such an equation seems to be too narrow and has some
serious implications on the axiomatic foundation of multidimensional poverty indices. The
definition of association-increasing switches as defined so far concentrates solely on
efficiency, i.e. whether the attributes that are switched are substitutes or complements. It
neglects the issue of who the beneficiary of the respective switch is and how poverty indices
might or might not change with a switch of beneficiaries.

In fact, in case the respective attributes are complements, association-increasing switches
as they are defined today violate the economic principle of pareto-efficiency. This chapter
introduces an additional axiom that ensures pareto-efficiency of association-increasing
switches.

But the issue goes even further; in fact it comprises the broader question what happens in
case of switches between individuals that are deprived in a different number of dimensions. It
is a highly relevant question that is a direct consequence of the restrictive interpretation of
inequality between dimensions and in fact reveals that inequality is more than association-
sensitivity. More precisely, this chapter follows the approach of the first in defining inequality
between dimensions as the association-sensitive spread of simultaneous deprivations across a
society. In consequence, the chapter suggests the introduction of a switch between individuals
that are deprived in a different number of dimensions whose effect on poverty does not only
depend on the relationship among attributes but also on the choice of the beneficiary of the

respective switch. It has been demonstrated how the new axiom can be utilised to derive a
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whole new class of cardinal poverty indices. This class is unique in the sense that it is the first
cardinal class of additive poverty indices that i) explicitly accounts for inequality between
dimensions as the association-sensitive spread of simultaneous deprivations across society,
and, as a result, ii) improves the precision and detailedness of poverty profiles, thereby
enhancing the targeting of poverty reduction policies.

Though this chapter can only be a first step towards the measurement of inequality
between dimensions in a broader sense, the empirical application already provides enough

evidence for its relevance and the need for further research in this important area.



Chapter 3

Operationalising the Capability Approach
The German Correlation Sensitive Poverty Index

The official measure to analyse poverty in Germany is the at-risk-of-poverty rate, defined as
60 per cent of the median net equivalence income. However, the concept of poverty that is
used as the conceptual framework for the national ‘Poverty and Wealth’ Reports is Sen’s
capability approach. This chapter provides the first operationalisation of the capability
approach in Germany. The rich data source of the German Socio-Economic Panel is utilized
in order to introduce a multidimensional poverty index for Germany that is based on the
capability approach, or to be exact, on the mathematical formula of the multidimensional
Correlation-Sensitive class of poverty measures introduced in the first chapter of this volume.
In addition, a multidimensional happiness index is introduced, a concept that is enjoying
increasing popularity. All three indices are compared across dimensions, regions and over
time, and the results seem to indicate one thing above all: the high added value that is created

through poverty indices that complement the traditional income-based at-risk-of-poverty rate.

3.1 Introduction

It is not so long ago that the existence of poverty in the social welfare state Germany was
officially denied. This became particularly evident during the aftermath of the 1995 World
Summit for Social Development in Copenhagen. The Copenhagen Declaration explicitly
acknowledges that ‘profound social problems, especially poverty, unemployment and social
exclusion [...] affect every country’ (Copenhagen Declaration on Social Development,
Introduction, point 2) and calls upon ratifiers to implement national poverty reports. Yet the
German government revealed considerable reluctance to meet the commitment (Kemming

and Borbach, 2003, p. 3):

‘But while poverty enjoys a top ranking in the 90s scientific debate, the existence of poverty in

Germany was denied by a Federal Government pointing out to a well-functioning social
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security system. That is in line with the fact that the Federal Government believed there was no

need for a national report on poverty.’

When the first ‘Poverty and Wealth Report’ was finally published on 25 April 2001, the
German government ventured into uncharted territory. When it did, it relied on the guidance
of the income-based at-the-risk-of-poverty rate (AROPR)** that defines well-being in terms of
opulence. Besides its advantages, this index suffers from the same weaknesses as every
income measure, i.e. in particular the following two restrictive assumptions: i) the existence
of perfect and complete markets that is unable to properly account for public goods provision
for instance in the area of health and education; and ii) equality of individual conversion
factors that disregards the diversity in social and physical environments as well as the whole
range of personal heterogeneities that influence the ability of individuals to convert economic
resources into whatever they may need (Sen, 2009, p. 255).

At the same time, the German government followed the recommendations of a German
research team (Volkert et al., 2004) and decided to use Sen’s capability approach (Sen, 1979;
1985; 1992; 1999; 2009) as the conceptual framework for the national ‘Poverty and Wealth
Reports’. That decision was endorsed after the 2005 elections by the new government (Arndt
and Volkert, 2007). The Capability Approach has a very intriguing way to define poverty,
especially in the context of affluent countries. By making capabilities and functionings, i.e.
what a person is actually able to do and be, the subject of analyses rather than economic
resources, it can essentially dispense with the two assumptions of perfect and complete
markets and equal individual conversion factors. Then, by utilising a concept of equality of
opportunity, poverty is defined as a restricted set of essential capabilities that are needed to
pursue whatever one has reason to value.

It is the respect for the freedom and responsibility of the individual that makes this
approach so attractive, especially in the context of affluent countries. Income disparities are
bad if and only if they are caused by inequality of opportunity, i.e. in case access to such
essential institutions as the education system, the labour market and health care are restricted

on grounds of gender, origin or anything else of a discriminatory nature, irrespective of

* The rate is defined as the percentage of the population with a net equivalence income below 60% of the
median. The concept of the net equivalence income accounts for the fact that bigger households have saving
opportunities through the joint use of household items. Therefore, the new OECD scale attributes a weight of one
to the first adult, a weight of 0.5 for every additional person aged 15 or over and a weight of 0.3 for persons
below the age of 15. Thus, the net equivalence income is the household’s net income divided by the weighted
sum of household members.
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whether the individual concerned lives in a poor or affluent countryZS. On the other hand,
inequality that is caused by free individual choice might even be desirable: Rewarding
investments attracts additional investments that expand the overall capability set of a society
which is, obviously, to everyone’s benefit (see Marrero and Rodgriguéz, 2010).%°

This chapter takes a first step towards the operationalisation of the official German
poverty definition by proposing a multidimensional poverty index that is based on the
capability approach, the so called German Correlation Sensitive Poverty Index (GCSPI). In
addition, it introduces a subjective poverty index, the so called Subjective Correlation
Sensitive Poverty Index (SCSPI), a representative of traditional welfarism theory that defines
well-being in terms of happiness.”’

Afterward, a thorough poverty analysis is conducted for the period 2002 to 2010,
including dimensional and regional decompositions, in order to compare the three indices that
represent the main theories of welfare economics. The empirical analysis provides evidence
how the different indices might arrive at entirely different assessments of poverty and poverty
trends in Germany, a fact that reveals the high additional value that is generated in case the
traditional income-based AROPR is complemented by other, multidimensional poverty
indices.

First, there is a strong discrepancy in the identification of the poor according to the
AROPR and the GCSPL In fact, the overlap between the AROPR and the different non-
income GCSPI dimensions is always less than 50% and in one case even less than 10%. In
addition, there is a non-negligible amount of individuals that are not deprived in any of the six
non-income dimensions of the GCSPI and yet income-poor.

Second, there exists a considerably discrepancy in the regional composition of the three
indices. With only few exceptions, the SCSPI is highest in the Western Bundeslaender,
followed by the GCSPI and, finally the AROPR. In the Eastern Bundeslaender, the trend is
just the opposite, i.e. the AROPR is highest, followed by the GCSPI and, finally, the SCSPI.

 The fact that the children of uneducated families are far less likely to make it into grammar schools than the
children of the educated middle class shows that these barriers also exist in Germany (Education in Germany,
2012)

*® These considerations receive strong evidentiary support by a recent study of Marrero and Rodgriguéz (2010)
who demonstrate that no robust relationship can be established between overall inequality and growth. However,
there exists a robust and significant positive relationship between inequality of choice and economic growth and
a robust significant negative relationship between inequality of opportunity and economic growth.

*7 The latter has recently experienced a rather sudden resurrection in the empirical analysis of poverty despite the
fact that the related theory has suffered tremendous setbacks in the nineteen-thirties due to the problems
connected with the comparison of individual happiness (Robbins, 1938, p. 640; Sen, 2009, p.277-278).
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Third, the three indices do not only demonstrate rather different degrees of volatility over
time, poverty dynamics can even be opposite. The SCSPI is rather volatile and tends to be
higher in more populous, urbanised areas. The AROPR, on the other hand, is less volatile and
tends to be higher in less populous, rural areas. By definition it is rather sensitive to the
overall inequality in the society and, as a consequence, might decrease during a time in which
the situation of the poor actually worsened, i.e. whenever the situation of the poor worsens
less than the situation of the wealthy. The GCSPI, finally, is unable to reflect these changes in
the overall inequality of the society; it only captures inequality changes among the poor. As a
consequence, the poverty trends indicated by these two indices diverge in times of economic
crisis in which, generally speaking, all population parts suffer but in which, due to the
German social protection system, the situation of the poor usually worsens less than the
situation of the better-off.

In summary, the results all seem to point in one direction, namely that the introduction of
additional multidimensional poverty indices that complement the AROPR seems to be very
worthwhile as these indices provide information about poverty that traditional income-based
poverty measures are unable to discover.

The chapter proceeds as follows. The second section provides a brief introduction in the
theoretical background, followed by a brief overview in section three of the axiomatic
foundation of the multidimensional class of indices that is utilised for the multidimensional
indices GCSPI and SCSPI. The fourth section is dedicated to the thorough development of the
GCSPI, in particular the choice of dimensions, indicators, thresholds and weights. The

empirical application is presented in section five, section six concludes.

3.2  Theoretical Background
Let R* denote the Euclidean k-space, and R* c R* the non-negative k-space. Further, let N

denote the set of positive integers. N ={l,...,n} c N represents the set of n individuals of a

typical society and D ={2,...,d} c N the set of d poverty dimensions captured by a set of k

poverty attributes K ={2,....k} cN. Let ae [Rfdenote the weight vector for the different
. . k

attributes with zjzla ;=1L

In the following, I will refer to the quantity of an attribute with which an individual is
endowed as an achievement. The achievement vector of individual i is represented by
X, =(x,,...,x; ) and the respective achievement matrix of a society with »n individuals by

X e R Y where the ijth entry represents the achievement x; of individual i in attribute j. Let
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X be the set of possible achievement matrices of population size n and X=Uy C n.X; the set of
all possible achievement matrices. Let z; denote the poverty threshold of attribute j so that
individual i is deprived in j whenever the respective achievement falls short of the threshold

level, i.e. whenever x; < z,. Further, let ze R

represent the vector of poverty thresholds
chosen for the different attributes, with the jth element being z;, and Z being the set of all
possible vectors of poverty thresholds.

In the context of this chapter, a poverty index is a function P: X XZ — R. For any
poverty threshold vector ze Z, society 4 has a higher poverty level than society B if and
only if P(X”";z)> P(X%;z) for any X”,X” € X.

Let ¢; =(c,..,cy) represent the deprivation vector of individual i such that ¢, =1 if

x;<z; and ¢; =0 if x; 2z;. Further, let §,(X) - or simply §,— denote the set of

individuals who are poor with respect to attribute j, and g the overall number of poor

individuals in a society.

Fox xeasons of smplcity, 1ot 6 = ‘ Z}a/’ denote the sum of weighted deprivations
Jjel,...k 'Clj:l

suffered by individual i.

However, in a multidimensional framework it does not suffice to determine those who are
deprived. In addition, it has to be defined how deprived a person has to be in order to be
considered poor. This is the task of the identification function p: R¥ xR¥ —{0,1} so that
individual i is poor if p(¢;;z) =1 and not poor if p(c¢;;z)=0.

As has been demonstrated in the previous two chapters, there is only one identification
function so far that considers the relationship between inequality and correlation-sensitivity.”®
It is a multi-step function of the following type:

o if max{c,}=1

p.(¢.;z) ={ 0 i maxfc,]=0 (3.01)
p.(c,.;z) is in a way a fuzzy approach that differentiates between the poor on one hand

and different degrees of poverty severity on the other. The specific shape of the function is of
intriguing simplicity: the function is always non-decreasing in the number of deprivations,
however, the marginal increase in poverty severity is the less the higher the substitutability
between attributes. Whereas the former accounts for inequality, the latter ensures correlation-

sensitivity. The relationship between the two is determined by alpha.

2% Usually, the two concepts are equated rendering a sound distinction between the two concepts of distributive
justice and efficiency impossible, despite the fact that such a distinction is indispensable for sound poverty
measurement.
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As has been demonstrated in the previous two chapters, this inequality- and correlation-
sensitive way to identify the poor allows composite indices to satisfy two core properties that
were hitherto considered to be impossible to be fulfilled at the same time. The first is Factor
Decomposability (FD) that allows the decomposition of the index according to poverty
dimensions and indicators. The second is Sensitivity to Inequality Increasing Switch (SIIS) in
the case of ordinal poverty indices, and Inequality Sensitivity (IS) in the case of cardinal
indices. The latter properties ensure the sensitivity of the final indices to both distributive
justice as well as efficiency considerations.

As the purpose of this chapter is to make a first proposal for a multidimensional poverty
index for Germany and to study its strengths and weaknesses, I decided to concentrate on the
simpler ordinal approach, i.e. to use the mathematical formula of the Correlation Sensitive
Poverty Index (CSPI), i.e. formula 1.10. However, as suggested in the previous chapter, the
clear distinction between the concepts of distributive justice and efficiency can as well be
introduced in the case of cardinal poverty indices. The resulting Inequality Sensitive Poverty
Index (ISPI) could be utilised in the German context in the same way as the Correlation
Sensitive Poverty Index (CSPI) suggested in this chapter — of course only for those data that

permit a cardinal approach.

3.3  The Axiomatic Foundation and Decomposition

The axiomatic approach provides the most transparent way to derive a poverty index by
explicitly defining properties that it may or may not satisfy (Deutsch and Silber, 2005). This
is the reason why the CSPI has been derived axiomatically. As the latter has already been
discussed extensively in the first chapter, this section will only provide a brief overview of the
core axioms that the index satisfies (e.g. Chakravarty, Mukherjee and Ranade, 1998;
Bourguignon and Chakravarty, 1999; Tsui, 2002; Bourguignon and Chakravarty, 2003;
Chakravarty and Silber, 2008).

Anonymity (AN): For any ze Zand Xe X, ,P(X;z)=P(IX;z) where II is any

permutation matrix of appropriate order.
Continuity (CN): For any ze Z and X e x;, P(X;z)is continuous on R

Monotonicity (MN): For any ze Z and X,X e X, if for any individual 4 and any attribute /
X, =X, +f, such that x,<gz,B>0and x,=x;Vizh, x;=x,Vj#lVithen
P(X';z) < P(X;z).
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Principle of Population (PP): If for anyze Z ,Xe X, andme N X" is a m-fold replication
of X, then P(X";z) = P(X;z).

Strong Focus (SF): For any ze Zand Xe X, if for any individual /& and any attribute /
Xy 2 20,y =X, + B,4>0, and x; = x,Vi# h,x; = x,Vj #1,Vi, then P(X;z) = P(X’;z).

Subgroup Decomposability (SD): For any X',.,X'e X and zeZ,
P(XI,XZ,...,X”;Z)=z::1n,/nP(Xl;z) with n, being the population size of subgroup
X' I=1L..,vand D n=n

Factor Decomposability (FD): For anyze ZandXe X, P(X;z)= z;a‘iP(x_ D)

Normalization (NM): For any ze Z and Xe X, P(X;z) =1 if x;, =0Vi,j and P(X;z)=0
if X; > zj‘v’i, j. Thus, P(X;z)e [0,1].

Scale Invariance (SI): For any ze Zand X, X € X, P(X;z)=P(X";z") where X =XA;
7z’ = Az with A being the diagonal matrix diag(A;...,4),A; > 0Vj.

Sensitivity to Inequality Increasing Switch (SIIS): For any ze Z and X, X', X"e X, if X’
is obtained from X by an inequality increasing switch of non-complementary attributes, then
P(X;z) < P(X’;z). Further, if X” is obtained from X by an inequality increasing switch of

complement attributes, then P(X;z) E PX"2) < PX;z).

AN requires that any personal characteristics apart from the respective achievement
levels are irrelevant for poverty measurement. CN is a rather technical requirement precluding
the oversensitivity of poverty measures. MN requires poverty measures not to increase if,
ceteris paribus, the condition of a deprived individual improves. PP precludes the dependence
of poverty measures from population size and thus allows for cross-population and -time
comparisons of poverty. SF demands that giving a person more of an attribute with respect to
which this person is not deprived will not change the poverty measure. FD and SD facilitate
the calculation of the contribution of different subgroup-attribute combinations to overall
poverty, improving the targeting of poverty-alleviating policies. NM is a simple technical
property requiring poverty measures to be equal to zero in case all individuals are non-poor
and equal to one in case all individuals are poor. SI requires that a proportional distribution
should leave inequality levels unchanged, ensuring that poverty indices do not change with
the unit of measurement. Finally, SIIS requires that a switch of attributes that increases
(reduces) the number of deprivations suffered by the person with higher (lower) initial

deprivation will increase poverty in case of a non-complementary relationship between
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attributes. In case attributes are complements, however, it depends on the degree of
complementarity as well as the level of importance that is attributed to considerations of
distributive justice whether poverty increase or decrease through such a switch.

As has been demonstrated in chapter one, the following family of poverty indices is the

only one able to satisfy all aforementioned properties:

P(Xz)=1/n) f(c,) a,
Zs: je{l,g}c,jil (3.02)

with Zl;:l a,=1and f(c,): RExRE — (0,1] non-decreasing in d, =#{cij‘cij =1} with

a nondecreasing (nonincreasing) marginal®’ in case attributes are considered to be substitutes

(complements).
An intuitively appealing index that belongs to this family is the CSPI that is defined as

follows:

P (X5z)=1/n) 0/ a.
CSPI ( ) lezs] je{l!.zk}:cﬁj_l (3'03)

As demonstrated in chapter one, the CSPI is the only ordinal and additive poverty index
that can be decomposed into all three “I’s of poverty” (Jenkins and Lambert, 1997, p. 317),

i.e. incidence, intensity and inequality:

Pos(X;z)=H - u(8)*" -[1+2GE,,,,(8)] (3.04)
with a >0, the headcount ratio H =(gq/n) measuring the incidence of poverty, the

aggregate deprivation count ratio M) =1/ q)z Za ; measuring the intensity of
ieS; je{lok ke, =1

poverty breadth and the GE inequality measure of deprivation counts
GE()=[1/ q(92—9)]2[5i/ 1(8)]° =1 capturing the inequality of the distribution of

ies;
deprivations among the poor.

Please note that poverty incidence as defined in this decomposition is in fact the
headcount of all those who are deprived. In other words, it is very high due to the fact that it
neglects the differences in the levels of poverty severity that exist between the individuals.
However, this differentiation is a key element of the fuzzy approach to poverty measurement
as described in the previous section. Thus, in the empirical application, I will separate the
overall headcount into the following three categories:

Category one: Deprivation affected. Individuals are classified as deprivation affected
whenever the weighted sum of their deprivations is one third or less, i.e. zies_ 0, <1/3.Ttis

% A function f(x) has a nondecreasing marginal if f(xg +1)— f(xg) 2 f(x, +1)— f(x,) whenever X, 2x,.
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important from a policy perspective to have them on the radar in order to ensure that their
situation does not further deteriorate. However, no action has to be taken at that level. Thus,
whenever I will compare different headcounts in the following empirical analysis, I will only
concentrate on the headcount of those who belong either to category two or category three.

Category two: Poor. Individuals are classified as poor whenever the weighted sum of
deprivations is higher than one third but not higher than two thirds, i.e. 1/3 < Zies_ 0, <2/3.

Category three: Severely poor. Individuals are classified as severely poor whenever the
weighted sum of their deprivations is higher than two third, i.e. Zies_ 0, <2/3. These are the

poorest of the poor whose capability set is limited in such a way that it is almost impossible
for them pursue their goals in life. At least out of considerations of distributive justice, they
are the ones who should be high on the political agenda.

I shall come back to that specific issue if classification in the empirical application.

3.4  The German Correlation Sensitive Poverty Index

The following section is devoted to the derivation of the German Correlation Sensitive

Poverty Index (GCSPI). The mathematical formula is that of the CSPI fora =1 30

cspl,, =1/nY8 Ya,
1 zezs; je{l,;kkc,‘,»j—l (3.05)

In the following, I will utilise the German Socio-Economic Panel (GSOEP) in order to
suggest poverty dimensions and indicators specifically for the German context. The GSOEP
is a representative longitudinal panel data set collecting socio-economic information at the
household level in Germany since 1984. After the German reunification in 1990, the data set
has been expanded in order to cover the former German Democratic Republic (DDR). The
survey is repeated annually with every adult in a household aged sixteen years or older being
surveyed (Wagner, Frick and Schupp, 2007).

I decided to take advantage of the fact that the GSOEP surveys every household member
aged sixteen years or older by using this rare opportunity to measure poverty on the individual
rather than the household level. Hence, only responses for adults are utilized for the
calculations. Also, the existence of missing values in one or more of the chosen indicators

was countered with the removal of the whole observation. This treatment led to a considerable

% This conservative way to choose o suits particularly well as long as a deeper analysis of the relationship
between poverty dimensions is lacking. Once more is known about the relationship between poverty dimensions,
other levels of a might prove to be more appropriate.
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reduction in the final sample size.”' Please note that this reduction in the sample size is the

reason for the discrepancy between the at-risk-of poverty rates (AROPR) calculated in this

chapter and those that are officially reported in the German poverty reports.

Finally, many of the indicators chosen in the following are only available from 2002
onwards and in some cases have been collected only every two years. Thus, I will restrict the
empirical analysis to the time period 2002 to 2010, calculating all indexes every two years
(i.e. 2002, 2004, 2006, 2008, 2010).

In order to identify the minimum capability set, comprising those central functionings
that are necessary in order to pursue whatever one has reason to value, this chapter starts with
the theoretical approach of Martha Nussbaum (Nussbaum, 2003). Martha Nussbaum’s work is
typically considered to be the most influential and thorough operationalisation of the
capability approach developed so far. The female philosopher draws heavily on the work of
Aristotle in proposing the following list of ‘central human capabilities’ (Nussbaum 2003, pp.
41-42):

1. Life: ‘Being able to live to the end of a human life of normal length; not dying
prematurely, or before one’s life is so reduced as to be not worth living.’

2. Bodily Health: ‘Being able to have good health, including reproductive health; to be
adequately nourished; to have adequate shelter.’

3. Bodily Integrity: ‘Being able to move freely from place to place; to be secure against
violent assault, including sexual assault and domestic violence; having opportunities for
sexual satisfaction and for choice in matters of reproduction.’

4. Senses, Imagination and Thought: ‘Being able to use the senses, to imagine, think, and
reason — and to do these things in a ‘truly human’ way, a way informed and cultivated by
an adequate education, including, but by no means limited to, literacy and basic
mathematical and scientific training. Being able to use imagination and thought in
connection with experiencing and producing works and events of one’s own choice,
religious, literary, musical, and so forth. Being able to use one’s mind in ways protected
by guarantees of freedom of expression with respect to both political and artistic speech,
and freedom of religious exercise. Being able to have pleasurable experiences and to
avoid nonbeneficial pain.’

5. Emotions: ‘Being able to have attachments to things and people outside ourselves; to

love those who love and care for us, to grieve at their absence; in general, to love, to

3! Figure 3.02 on p. 81 provides a detailed overview of the missing values for the different indicators of the
GCSPL.
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grieve, to experience longing, gratitude, and justified anger. Not having one’s emotional
development blighted by fear and anxiety.’

6. Practical Reason: ‘Being able to form a conception of the good and to engage in critical
reflection about the planning of one’s life.’

7. Affiliation: ‘A. Being able to live with and toward others, to recognize and show concern
for other human beings, to engage in various forms of social interaction; to be able to
imagine the situation of another. [...] B. Having the social bases of self-respect and
nonhumiliation; being able to be treated as a dignified being whose worth is equal to that
of others. This entails provisions of nondiscrimination on the basis of race, sex, sexual
orientation, ethnicity, caste, religion, national origin.’

8. Other Species: ‘Being able to live with concern for and in relation to animals, plants, and
the world of nature.’

9. Play: ‘Being able to laugh, to play, to enjoy recreational activities.’

10. Control Over One’s Environment: ‘A. Political. Being able to participate effectively in
political choices that govern one’s life; having the right of political participation,
protections of free speech and association. B. Material. Being able to hold property (both
land and movable goods), and having property rights on an equal basis with others;
having the right to seek employment on an equal basis with others; having the freedom
from unwarranted search and seizure. In work, being able to work as a human being,
exercising practical reason, and entering into meaningful relationships of mutual

recognition with other workers.’

Though such a theoretically derived list can of course never have universal validity and
can only serve as a useful guide it nevertheless receives additional legitimacy by the fact that
the same list served as a basis for the roundtable discussions of public advisors and scientific
experts involved in the development of the German Poverty and Wealth Report (Arndt and
Volkert, 2007).

In this context, it is also interesting to take note of the results of a recently conducted
survey of German families that questioned respondents about what they conceive to be the
most important political tasks in Germany (Monitor Familienleben (i.e. Family Life), 2012).
The respondents identified the following four areas: i) to ‘fight unemployment’ (79%), related
to capability number ten, ii) to ‘promote young families with children’ (50%), related to
capability number four and seven, iii) to ‘reform the health system’ (49%), related to

capabilities number one, two and three, and iv) to ‘improve the reconciliation of family and
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work life’ (47%), related to capabilities number seven and nine and, though to a minor degree,
capability number eight.

Interestingly enough, the capabilities that were not covered by the responses are
capabilities number five and six, i.e. those capabilities that can hardly be captured by any
indicator. The latter is also the reason why these capabilities are not considered in the
following drawing up of the GCSPI, a decision that is considerably cushioned by the fact that
they have not been mentioned in the survey. That does, however, not apply to capability
number one whose operationalisation would be desirable and also seems to be feasible. For
instance “life expectancy” would be a good indictor to capture it. Nevertheless this specific
capability could not be considered in the drawing up of the GCSPI as the GSOEP does not
provide enough information to calculate such an indicator.

Thus, the following drawing up of the GCSPI is based on the capabilities ‘bodily health’;
‘bodily integrity’; ‘senses, imagination and thought’; ‘affiliation’; ‘other species’; ‘play’; and
‘control over one’s environment’. Whenever possible, the choice of indicators to capture these
capabilities is based on the indicators that were proposed during the aforementioned
roundtable discussions (Arndt and Volkert, 2007).

However, when it comes to the choice of threshold levels, I deliberately refrain to follow
the suggestions. The reason is that the threshold levels proposed during the discussion are
rather often relative, typically a percentage of the median value. Despite the fact that such an
approach in a composite index with several dimensions would lead to inapplicably high
poverty rates — even if categorized as suggested in the previous section — I also want to set a
counterexample to the relative nature of indices like the AROPR. Thus, I will utilise the legal
minimum requirements as threshold levels whenever possible.

In the following, I will discuss the dimensions, indicators and threshold levels that have
been chosen for the drawing up of the GCSPI.

The first dimension chosen for the GCSPI is health and captures mainly capability
number two, i.e. ‘bodily health’. However, it influences a lot of other capabilities as well.
Suffering from bad health limits a person’s capability to participate in social life, negatively
influences emotions and might even prevent the person to practise his or her occupation. Also,
those concerned would typically need more money than their fellow citizens as they are often
forced to invest considerable amounts of money in medical treatment. Two indicators are used
to capture this dimension, “bad health condition” and “severe health impairments”.

Bad health condition is based on the self-evaluation of respondents on a scale ranging

from one to five (i.e. ‘very good’, ‘good’, ‘satisfactory’, ‘poor’, ‘bad’). Anyone considering
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his or her health status to be either ‘poor’ or ‘bad’ is considered to be deprived according to
this indicator. Severe health impairments is also based on a self-evaluation of respondents
according to the following five impairments: i) has trouble climbing stairs, ii) health limits
vigorous activities, iii) achieved less due to physical health condition, iv) achieved less due to
mental health condition, v) reduced social contacts due to health problems. Anyone who
reports to suffer from at least four of these impairments is considered to be deprived
according to this indicator.

Since I just argued that my intention is to base the GCSPI on absolute and objective
criteria instead of always subjective self-evaluations, this exception from my own principle
needs some explanation. There has been a lot of discussion recently about the best way to
capture individual health conditions that is due to a new research direction in anthropology
initiated by Arthur Kleinman and others (Kleinman, Eisenberg, and Good, 1978; Kleinman,
1988; Sen, 2009). The experts strongly criticise the traditional way of utilising health statistics
to evaluate health in a society. Their argument is simple but strong: bad health is first and
foremost a matter of self-evaluation for if an individual claims to feel bad, i.e. to suffer
impairments, to feel pain, etc., who can by any means claim this self-evaluation to be wrong?
Thus, Kleinman defines illness as ‘the innately human experiences of symptoms and
suffering’ (Kleinman, 1988, p. 3) that has to be captured by patient interviews. The questions
he proposes for this self-evaluation have become known as ‘Kleinman's Questions’.
Considering the strength of arguments and the fact that this is the current state-of-the-art
approach in anthropology, I decided to use, for once, these subjective indicators.

Arndt and Volkert (2007) suggest yet another indicator. This indicator is “insufficient
access to health care” and is based on whether individuals who suffered health impairments
within the last three months prior to the interview visited a physician. In case they did not,
they are considered to be deprived according to this indicator. I decided not to utilise this
indicator for mainly two reasons.

The first reason is that a crucial question is missing in the survey, the question why a
person who suffered health impairments did not visit a physician. As pointed out, intention is
a crucial aspect in the capability approach: a person should only be considered deprived if he
or she would prefer to visit a physician but, for whatever reason, lacks access. Since such a
question is missing in the survey, the indicator would involuntarily also consider those
persons as deprived who actually have access to a physician but, for whatever reason, prefer

not to visit one.
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The second reason is related to the so called “Praxisgebiihr”, an extra payment of 10
EUR that all patients covered by public health insurance had to make when visiting a
physician once in each quarter. This extra payment — which was in effect from 2004-2012 —
has often been considered one of the main limitations in access to health care and would be a
justification for including the suggested “insufficient access” indicator in the calculations of
the GCSPI. In order to assess the validity of this statement, I took advantage of the fact that
the payment was introduced in 2004. If the payment indeed limited the access to health care,
there should be a noticeable difference between the percentage of the population not visiting a
physician despite health impairments in 2002 (i.e. before the introduction of the payment) and
the subsequent years. However, no such difference can be detected, the respective percentages
remain almost constant. This fact is an additional reason why I refrained to include the
indicator, though the first reason is the main one.

The second dimension of the GCSPI is education and captures mainly capability
number four, i.e. ‘senses, imagination and thought’, but has a distinct influence on other
capabilities as well, such as occupational choice and future income, but also on emotional
issues like self-confidence and, connected with this, the ability to engage in social interaction.
In fact, there is hardly any other dimension that has such a potential to seriously limit the size
of the capability set available in the future. It is then all the more worrying that educational
achievements in Germany are strongly correlated with children’s social background,
introducing rather strong distortions in the objective of a level playing field (Education in
Germany, 2012). In addition, the strong influence of the parents on the educational
achievements of their children makes income a rather bad indicator: a recent analysis revealed
that children with at least one working parent have better chances than children whose parents
are unemployed — even if the former have to get along with less money than the latter. This is
yet another argument why it might be worthwhile to complement traditional income poverty
measures with multidimensional poverty measures.

The dimension education is captured by two indicators. The first one is “school drop
out” and is again based on Arndt and Volkert (2007). The deprivation threshold for this
indicator, however, is based on compulsory schooling, which in Germany is either nine or ten
years of schooling, depending on the respective Bundesland. Thus, any person who dropped
out of school with less than nine years of schooling is considered deprived according to this
indicator.

The second indicator is “no graduation or training qualification”. That indicator

captures the aspect that a person might have spent nine years in school, however, without
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graduation. Or, even in case a person was able to complete secondary education, he or she
might not have received any further training qualification that is part of the German dual
education system and would be needed in order to enter the labour market. Thus, any person
who left school without graduation and / or training qualification will be considered deprived
according to this indicator.

The third dimension in the GCSPI is employment and directly captures the capabilities
number nine and ten, i.e. ‘play’ and ‘control over one’s environment’. Since I would
otherwise run into a problem with missing values, I decided to capture this dimension by a
composite indicator with the following three components: i) “main personal activity status
unemployed”, ii) “working poor”, and iii) “time poor”.

With regard to the first component, “main personal activity status unemployed”, it is
crucial to note that employment is a lot more than just a source of income. Indeed, a recent
study analysing poverty in Europe finds ‘evidences that income sources and socio-economic
endowments, and not only income level, matter for the individual well-being’ (Figari, 2012, p.
416). This finding is strongly connected with issues like self-respect, something what Adam
Smith described as the ability to appear in public without shame (Smith, 1776: p. 466-67).
Though there are of course those who seemingly enjoy the fact that they do not need to work,
there are also many persons who would willingly even sacrifice money in order to be able to
claim that he or she earned what he or she has. Otherwise the considerable amount of working
poor, i.e. those who work for such small income that they depend on additional social security
benefits to get along, could never be explained. Thus, I consider those as deprived who are
registered as seeking employment but whose main personal activity status over the year has
been unemployed.

However, to consider only unemployment within the employment dimension falls way
too short. For instance, such a minimalist approach would mask the just mentioned problem
of “working poverty” that is of increasing importance for Germany. The phenomenon is
caused by an increase in labour market flexibility through short-time work (“Kurzarbeit”) and
temporary work (“Leiharbeit” or “Zeitarbeit”). From 2008 to 2009, in the midst of the
economic crisis, the number of short-term workers increased from about 100,000 to more than
1.1 million (Faik, 2012, p. 6). In addition, according to the Federal Employment Agency,
more than 870,000 people were employed by one of almost 18,000 recruitment service
companies by the end of 2011. This is a precarious situation since, again according to the
Federal Employment Agency, temporary workers earn considerably less for the same type of

work than those normally employed, leaving many dependent on additional social security
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benefits. Thus, the state in fact subsidises low wages and contributes to the problem of
poverty in old age (Burmeister, 2012, p. 4).

In order to account for the working poor, a minimum wage comes in handy as a possible
indicator. As Germany does not have an official minimum wage, I draw on a suggestion of
the Hans Bockler Stiftung to utilise the limit of exemption from execution in order to derive
an appropriate minimum wage (Bockler Impuls, 2006, p. 1). Until 1 July 2011, the limit of
exemption from execution was 989.99 Euro, an amount that can be easily translated into a
minimum wage of 8.29 Euro per hour’>. In order to ensure the comparability of this amount
over time, the value is indexed by the CPI (base year 2010).

Whereas the income aspect of employment has traditionally received a lot of attention,
there exists another aspect that suffered chronic neglect: “time poverty”. This is the third
component of the deprivation indicator. Especially from a capability perspective, the ability to
have a sufficient amount of leisure time at command is crucial as it is an elementary
precondition for the ability to participate in social life. The aforementioned survey of families
in Germany (Monitor Familienleben, 2012) highlights the importance of the topic in the
German context. The majority of parents with children under the age of sixteen expressed
their desire to be able to spend more (45%) or even much more (28%) time with their
families. Only 23% of the respondents declared to have sufficient time for their families. I
account for this fact in the following way.

The so called ‘working hour tension’ captures the disparity between actual and preferred
working hours, whereby the related income changes induced by changes in working hours are
explicitly taken into account. This indicator thus accounts for the fact that people might be
over- or underemployed (Merz, 2002). The indicator is based on two questions in the GSOEP
that question respondents about i) their actual weekly working hours, and ii) the weekly hours
they would prefer to work if explicitly accounting for the fact that income changes with
working hours. Working hour tension is then calculated as the difference between actual and
preferred working hours. In the following, I will consider an individual as time poor if his or
her working hour tension is ten hours or more.

The fourth dimension is housing, directly capturing capabilities number two, ‘bodily
health’ and seven, ‘affiliation’. Of course the requirement to have adequate shelter is

especially important from the perspective of the ‘affiliation’ capability. In fact, it is one of the

% This is a monthly wage of 1,370 Euro (based on a 38-hour work-week) which is higher than the official
minimum wage of the United Kingdom (1,202 Euro), but considerably lower than the official minimum wages
of France (1,398 Euro), Belgium (1,444 Euro), Netherlands (1,447 Euro), Ireland (1,462 Euro), and Luxembourg
(1,802 Euro).
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perspectives in which the capability approach is most convincing. In order to be able to
participate in the social life of the community, a certain minimum standard of living is
absolutely necessary. Children who are ashamed of their living conditions will deliberately
prevent any relationship from becoming more than superficial as they are afraid that the
relationship might reach a point where they would be forced to invite someone home. These
children grow up isolated and deprived of social contacts that would be crucial for their
development. In order to capture this aspect, I follow the suggestions of Arndt and Volkert
(2007) and use the following three indicators: “unacceptable housing”, “lack of socially
necessary amenities”, and “overcrowding”.

I again follow Arndt and Volkert (2007) by characterising anyone as deprived according
to “unacceptable housing” whose housing is characterised as either ‘in urgent need of
complete renovation’ or ‘in danger of breaking down’ (Arndt and Volkert, 2007, p. 28).
Persons are identified as deprived according to a “lack of socially necessary amenities”, if
they lack either of the following “in-house bath/shower”, “in-house toilet”, “warm water”,
“central heating” (Arndt and Volkert, 2007, p. 28). However different from Arndt and Volkert
(2007) out of aforementioned reasons, I refrain to utilise the subjective notion of
overcrowding as the threshold level. Instead, persons are considered to suffer from
“overcrowding” if their living space is below which was, at least until 2010, the appropriate
living space for those receiving welfare payments under the so-called Hartz-IV-scheme:
45sqm for the first and 15sqm for every additional person (infants below two years of age
excluded).

The fifth dimension is mobility, capturing basically capabilities three, ‘bodily integrity’,
and seven, ‘affiliation’. Mobility is increasingly a prerequisite for pursuing a profession.
Especially in more rural areas many people have to commute out to find work, in addition
many couples have not been able to find work in the same city, requiring them to commute.
Mobility is also a precondition for the ability to participate in social life, all the more in case
children are concerned who are especially vulnerable. Mobility can be restricted due to i)
limited access to transportation and/ or ii) an insecure environment.”>

The first aspect is captured by the “inability to afford a much-needed car”. In the cities,
mobility is usually ensured by public transportation systems; however, this system is often not

very well developed outside of towns. Thus, a person is considered deprived in this indicator

33 Please note that a bad health condition could also limit a person’s mobility and could therefore be included as
a third indicator. I nevertheless refrain to do so in order to prevent double-counting as a bad health condition is
already included in the health dimension.
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if he or she lives in a household without a car and public transport is more than 20 minutes
away.

The second aspect is captured by “insecure environment”. A person is considered to be
deprived according to this indicator, if he or she lives in an environment that is classified as
either “insecure” or “dangerous”. A disadvantage of this indicator is that the GSOEP retrieves
this information only every five years, thus the inclusion of this indicator creates missing
values whenever there is no information about a person’s whereabouts in the years for which
the respective question was not included in the survey.

The sixth dimension is environment, capturing parts of capability eight, ‘other species’.
This dimension is again captured by two indicators, “noise” and “pollution”. A person is
considered to be deprived with regard to “noise” if he or she suffers strong or very strong
impairments through a very noisy neighbourhood. Similarly, a person is considered to be
deprived with regard to “pollution” if he or she suffers strong or very strong impairments
through a heavily polluted neighbourhood. As in the case of “insecure environment” these
two indicators are retrieved only every five years, thus their inclusion again creates missing
values whenever there is no information about a person’s whereabouts in the years for which
the respective question was not included in the survey.

Finally, the seventh dimension is income, capturing directly capability number ten,
‘control over one’s environment’. Though income is definitely not the only indicator for
poverty measurement, it is obviously an important one. I will consider a person as income
deprived if his or her disposable (i.e. after debt service) household income is below the
official German breadline as defined in the seventh Existenzminimumbericht (breadline
report) for 2010, i.e. below 638 EUR for single persons; 1,083 for couples; and 322 EUR for
each child. As the issue of additional persons in the household is not captured by the report, I
utilise the difference in the amount allowed to single persons and to couples, i.e. 356 EUR, for
each additional adult in the household. In order to ensure the comparability of the breadline
over time, the value is indexed by the CPI (base year 2010). Please note that these figures are
indeed breadline figures that happen to be considerably below those of the AROPR.

Figure 3.01 provides an overview of the different dimensions, indicators and thresholds
used for the calculation of the GCSPL

Figure 3.01 The Structure of the GCSPI

Dimension Main Capability  Indicator Threshold
Health. Subjective health condition either poor or bad
Condition

Health Bodily Health

Health At least four of the following:
Impairments 1. Have trouble climbing stairs
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2. Health limits vigorous activities

3. Achieved less due to physical health condition
4. Achieved less due to mental health condition
5. Reduced social contacts due to health problems

Senses, Schooling Less than nine years of schooling
Education Imagination and
Thought Graduation Neither graduation nor training qualification
Affiliation At least one of the following:
Emplovment Control over Emplovment 1. Activity status 'unemployed'
ploy Environment ploy 2. Working poor (wage below minimum)
Play 3. Time poor (working hour tension at least 10 hours)
. Condition of housing either:
Housing .
Condition 1. In urgent need of complete renovation
2. In danger of breaking down
Lack of either of the following:
. Bodily Health Socially 1. In-house bath / shower
Housing R Necessary 2. Warm water
Affiliation . .
Amenities 3. In-house toilet
4. Central heating
Living space below minimum (45sqm for first, 15sqm
Living Space for every additional household member (infants
excluded))
Transport Public transport more than 20 minutes away and no car
Mobility Bodily Integrity P available
Crime Neighbourhood either insecure or dangerous
. Pollution Strong or very strong impairments through pollution
Environment - - - -
Noise Strong or very strong impairments through noise
Conirol over Disposable Disposable income below breadline (638 EUR for first,
Income . P 356 EUR for every additional adult, 322 EUR for
Environment Income

every additional child per household)

Once dimensions, indicators and threshold levels have been chosen, the next exercise
concerns the choice of weights for dimensions and indicators. Several options can be applied
in order to choose the weights. As far as the dimensions are concerned, I utilise a rather
conservative approach by applying equal weights, i.e. each dimension contributes to overall
deprivation in the same way. The considerations leading up to that decision are primarily
motivated by the fact that the dimensions are directly derived from Martha Nussbaum’s list of
central human capabilities, thus it seems somewhat inappropriate to utilise different weights
for them — at least as long as no participatory approach is available that would provide a
convincing basis for a deviation.

Things are different for the choice of indicators. In that case, I apply two different
approaches. The first one is again the equal weighting approach, i.e. each indicator contributes
to the respective poverty dimension in the same way. The second approach is called
prevalence or frequency-based weighting. With this approach, each indicator is weighted in
dependence of the proportion of the individuals in the population who are not deprived in that
indicator at each point in time. The higher the proportion of those who are not deprived in a

given indicator, the higher is the weight assigned to it. The reasoning behind this approach is
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that the lower the likelihood that a person is deprived in an indicator, the more he or she has
reason to feel deprived. Thus, the higher weight acknowledges the stronger indicative nature
of this specific indicator with regard to deprivation. Moreover, as prevalence weights are
calculated for each point in time, this weighting approach is able to account for a situation in
which the condition of a person does not change although the overall situation in the society
improves: as the proportion of those not deprived in a given indicator increases, the weight of
that indicator increases as well, implying a ceteris paribus increase in the deprivation score of
such person (e.g. Figari, 2012).

Due to its appealing nature, I will base the following analysis on the prevalence weighted
GCSPI unless stated otherwise. However, in order to test the robustness of the results, all
results were calculated for the equal weighting approach as well. The results for both equal as
well as prevalence weighted GCSPI for the years 2002-2010 can be found in tables 3.05 to
3.14 in the appendix. They are highly correlated, as the following table demonstrates.

Table 3.01 Spearman Rank Correlation Equal and Prevalence Weights

2002 2004 2006 2008 2010
Spearman correlation 0.9980 0.9982 0.9980 0.9980 0.9979
Number obs. 15,564 18,341 14,211 15,326 14,672
p value 0.0000 0.0000 0.0000 0.0000 0.0000
Spearman correlation 0.9934 0.9940 0.9933 0.9928 0.9922
(obs. different from zero)
Number obs. 10,382 12,198 9,433 9,933 9,436
p value 0.0000 0.0000 0.0000 0.0000 0.0000

Spearman rank correlation coefficients range from 0.9979 (2010) to 0.9982 (2004)
considering all observations, and from 0.9922 (2010) to 0.9940 (2004) considering only those
observations for which the index is larger than zero. Also, the respective ranking of the

Bundeslaender is the same for both weighting methods with only very few minor

exceptions34.
Figure 3.02 Sum of Missing Values 2002-2010
Dimension Indicator 2002 2004 2006 2008 2010
Health Health Condition 4,257 3,506 4,103 4,013 4,801
Health Impairments 419 357 568 485 442
Education Schooling 1,201 1,238 1,197 1,061 953
Graduation 0 0 0 0 0
Employment Employment 254 251 285 247 266
Housing Housing Condition 59 78 55 40 66
Socially Necessary Amenities 211 230 0 1 0

* When changing from the equal weighting approach to prevalence weighting, there are six minor rank changes,
one in 2002 (Hesse, initially rank 14, switches places with Saxony, initially rank 15); two in 2004 (Bavaria,
initially rank 5, switches places with North Rhine-Westphalia, initially rank 6; Hesse, initially rank 11, switches
places with Saxony, initially rank 10), one in 2006 (Bavaria, initially rank 7, switches places with Hesse, initially
rank 8) and two in 2008 (Bremen, initially rank 3, switches places with Lower Saxony, initially rank 2; Saarland,
initially rank 14, switches places with Saxony-Anhalt, initially rank 15).
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Living Space 0 0 0 0 0

. Transport 826 14 858 268 293
Mobility Crime 4,248 81 4,470 1,261 1,032
Environment Pollution 44 47 34 50 40
Noise 10 6 8 10 9

Income Disposable Income 1,014 1,334 943 1,166 1,335
Sum 12,543 7,142 12,521 8,602 9,237
Original Adult Sample Size 28,107 25,438 26,732 23,928 23,909

In order to get a first impression how the GCSPI works in practice, i.e. when applied to
real data, it is crucial to compare the results with those of other poverty indices. This chapter
will utilise two other poverty indices besides the GCSPI that are based on the two main
theories of welfare economics, i.e. the income approach and traditional welfarism that defines
well-being in terms of happiness. Thus, the following section will start with a brief

introduction of these two indices.

3.5 Empirical Application
The first index is the AROPR that is based on the theoretical approach to measure poverty as
a lack of income and is the only official index used to evaluate poverty in Germany. The
results for the AROPR for the years 2002-2010 can be found in table 3.04 in the appendix.

The second index belongs to the group of happiness indices that recently received a lot of
attention. This development is rather astonishing considering the fact that the corresponding
theory, i.e. traditional welfarism, had been abandoned just because of the impossibility of
inter-personal happiness comparisons (Robbins, 1938, p. 640; Sen, 2009, p.277-278). The
recent interest in happiness indices appears like a late resurrection of the traditional approach.

Aristotle’s concept of happiness differentiates between instant feelings on one hand and
long-term happiness one the other, claiming that only the latter, the so called ‘Eudaimonia’
(Bartlett and Collins, 2012, p. x) is adequate for evaluation. Thus, the hereafter introduced
Subjective Correlation Sensitive Poverty Index (SCSPI) is based on questions related to
individual satisfaction, reflecting the conviction that the concept of satisfaction comes very
close to the concept of ‘Eudaimonia’ that Aristotle suggested for evaluation.
Methodologically, the SCSPI is based on the same mathematical formula (1) as the GCSP],
thus satisfies the same properties.

Different from the GCSPI, the SCSPI is based on only four dimensions: 1. health, 2.
employment, 3. housing, and 4. income. The other three dimensions of the GCSPI, i.e.
education, mobility and environment, could not be included due to a lack of data. The SCSPI

is based on a self-evaluation on a scale ranging from zero (completely dissatisfied) to ten
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(completely satisfied). The chosen threshold level for all the dimensions is three, i.e.
considerably dissatisfied. Figures 3.03 to 3.06 in the appendix illustrate the distribution of
responses across the German population for the year 2010.

Please note that the same classification of poverty degrees is used in the case of the
SCSPI that has been introduced for the GCSPI. Again, category one describes those who are
deprivation affected, i.e. those whose weighted sum of deprivations is one third or less. As
in the case of the GCSPI, the responding headcount will not be considered in the following
analysis. Category two defines those who are poor, i.e. those whose weighted sum of
deprivations is higher than one third but not higher than two thirds. Finally, category three
describes the severely poor, i.e. those whose weighted sum of deprivations is higher than two
third. The results for the SCSPI for the years 2002-2010 can be found in tables 3.15 to 3.19 in
the appendix.

As described in the introduction, both theoretical approaches to poverty measurement,
traditional welfarism as well as the income approach, received a lot of criticism over the
years. They left a theoretical gap to be filled, a gap that motivated Amartya Sen to introduce a
whole new theory of welfare economics, i.e. the capability approach on which the GCSPI is
based. The following analysis addresses the question whether and if yes in how far the
differences in the theoretical approaches do indeed make a difference “on the ground”. In
other words, when applied to real data, do the evaluations of poverty and poverty trends really
differ? Is there indeed a need for the GCSPI?

For a start, the following table provides the results of the statistical correlations between
the poverty dimensions of GCSPI, SCSPI, and AROPR based on the respective Kendall tau b

correlations for 2010 (Number of observations: 8,534).

Table 3.02 Kendall Tau b Correlation all Dimensions

Health Educat. Empl. Hous. Mobil. Income Diss. Diss. Diss. Diss. AROPR
Health Empl. Hous. Income Income

Health K. taub 1.0000
p-value 0.0000
Education K. taub 0.0443 1.0000
p-value 0.0000 0.0000
Empl. K.taub 0.0329 0.0374 1.0000
p-value 0.0020 0.0005 0.0000
Housing K.taub 0.0331 0.0876 0.0508 1.0000
p-value 0.0014 0.0000 0.0000 0.0000
Mobility K.taub 0.0704 0.0593 0.0198 0.0697 1.0000
p-value 0.0000 0.0000 0.0676 0.0000 0.0000
Income K.taub 0.0555 0.1171 0.1067 0.1961 0.0755 1.0000
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Diss. K. taub 0.4950 0.0091 0.0320 0.0045 0.0516 0.0356 1.0000
Health  p-value 0.0000 0.3928 0.0032 0.6743 0.0000 0.0010 0.0000
Diss. K.taub 0.2034 0.0371 0.0471 0.0396 0.0492 0.0911 0.2125 1.0000
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Empl. p-value 0.0000 0.0005 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000

Diss. K.taub 0.1055 0.0463 0.0462 0.1592 0.0936 0.0827 0.1253 0.1202 1.0000

Housing p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Diss. K.taub 0.1924 0.0624 0.0957 0.0922 0.0764 0.2009 0.1821 0.2694 0.1812 1.0000
Income  p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AROPR K.taub 0.0650 0.1031 0.1161 0.2169 0.0746 0.7663 0.0425 0.1008 0.0807 0.2185 1.0000
Income  p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000

p-values correspond to the null hypothesis that the two indicators are independent.

All poverty dimensions demonstrate a positive correlation — though not always
statistically significant — that indicates that they all indeed measure the same thing, i.e.
poverty. At the same time, Kendall tau b is considerably lower than 0.80 in all cases except
for the correlation between the breadline and AROPR, demonstrating that each dimension
measures a distinctively different aspect of poverty.

It is interesting to note that the strongest correlation exists between the different
dimensions of dissatisfaction. It might point to a problem with subjective evaluation: a person
that is dissatisfied in one dimension is rather likely to transfer this dissatisfaction to other
dimensions as well. Imagine, for instance, a person suffering from a bad health condition that
might be as severe as to even limit his or her ability to move freely. Or imagine a person
suffering from a bad mental condition. It seems rather likely to suggest that the overall bad
feeling of the person is not only reflected in questions directly related to health but as well
with regard to any other dimension. This would explain why the correlation between the two
dimensions health and housing is rather low, as would be expected, whereas the correlation
between dissatisfaction with health and dissatisfaction with housing is non-negligible.

What is also rather interesting is the fact that, while the correlation between income and
all other poverty dimensions is always highly significant, it is at the same time in many cases
astonishingly low. Especially interesting is the fact that the correlation between income and
dissatisfaction with income is highly significant but much weaker than one would expect at
first sight. This supports the fact that though income is of course correlated with other poverty
dimensions, it is not an equally good proxy for all of them.

These findings are also supported by the following figure that compares the number of
persons who are deprived according to the AROPR with those who are deprived according to

the six non-income dimensions of the GCSPI (number of observations: 14,655).
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Figure 3.07 Headcounts AROPR and GCSPI
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As one can easily see, the overlap — or the match — between the population parts that are
at-the-risk-of-poverty and those that are deprived in the different non-income dimensions of
the GCSPI is not at all distinct. In fact, the figures reveal a considerable failure of the income
approach to account for other poverty dimensions apart from income. As the low Kendall tau
b correlation coefficients already indicate, the congruence between those who are deprived in
income and those who are deprived in the non-income GCSPI dimensions ranges between
merely 9% (environment) and 44% (living conditions).

What the figure also captures is the fact that even after accounting for all six non-income
GCSPI dimensions, there are still individuals left who are not deprived in any of these
dimensions but are still at-the-risk-of-poverty. As has already been mentioned, the AROPR is
considerably higher than the official breadline. Thus, I additionally verify whether there are
also individuals whose net equivalence income is below the official breadline but who are
nevertheless not deprived in any of the six non-income GCSPI dimensions. This is indeed the
case: overall, 6.8% of the respondents have a net equivalence income below the official
breadline. Of those, 12.4% are not captured by any of the six non-income GCSPI dimensions.
This observation provides additional support for the decision to include income as a poverty
dimension in the GCSPI — apart from the theoretical argument that it is the main indicator

able to capture capability number ten.
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The question that inevitably comes to mind when considering the weak correlation
between the dimensions of the three poverty indices is how this affects poverty measurement.
The following figure provides the deprivation headcounts (categories two and three) for
GCSPI, SCSPI and AROPR for the German Bundeslaender. Please note that in this specific
case all indices refer to the same persons. All observations have been dropped that did not

provide enough information to calculate all three indices.

Figure 3.08 Headcounts GCSPI, SCSPI and AROPR Germany 2010
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The first thing that immediately strikes the eye is the considerable discrepancy between
old and new Bundeslaender, i.e. West and East Germany. All three indices yield comparably
higher values for the Eastern Bundeslaender but their relevance for the different parts of
Germany is rather different. AROPR plays a much stronger role in the Eastern Bundeslaender
whereas the SCSPI plays a much stronger role in the Western Bundeslaender, especially in
those that are more populous and urbanised. In fact, the figure almost acts like a mirror
reflecting these two different trends.

In order to get a more dynamic impression of how the different approaches to
measurement may differ, the following figure compares them over time and within the
context of the development of the most important figures of the German economy. Please note

that in this figure GCSPI and SCSPI are illustrated, not just their headcounts.
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Figure 3.09 Development of Economic Figures Germany 2002-2010
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The first thing to mention is the obvious volatility of the SCSPI over time, just as one
would expect to be the case for subjective indices. It seems that the SCSPI is so busy in
reflecting short-term changes that it is actually unable to provide an overall trend. The other
two indices, the AROPR and the GCSPI, are able to provide such an overall trend. However,
the trends they indicate diverge during two very interesting time periods, i.e. between 2002
and 2004 and between 2008 and 2010. The reason why these two time periods are especially
interesting is that they capture both economic crises that Germany faced during the considered
time period, i.e. one in 2003 and one in 2009.

As Faik (2012, p. 8) points out, both crises are insofar comparable as income inequality
decreased during the crisis, followed by an increase in the following year when the economy
recovered. It is a typical outcome of a social welfare state whose social security system
cushions the effect of the economic crises for the poorest parts of the population whereas the
wealthiest parts typically experience its full force. In order to get an impression of the
development of income inequality over time, I included a picture of the development of
Theil’s enthropy measure over time. The measure belongs to the same class of GE inequality

measures that is utilised in the GCSPI, though in this case for 8 = 13

> Any other value of 6 would already imply an evaluation of inequality — like in the formula the GCSPI uses
which belongs to the same class of GE inequality measures but for € # 0,1. The purpose here, however, is a
description, not an evaluation, of the development of income inequality in Germany over time.
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with y, representing the equivalent income for person i and g representing the
arithmetic mean of equivalent incomes. Data are taken from Faik (2012, p. 9).

Despite the same trends in income inequality during the two time period 2002-2004 and
2008-2010, there are two important differences. During the first recession in 2003, the
percentage change of the social budget was reduced (from 3.5% in 2002 to 2.1% in 2003)
whereas it was significantly increased during the second recession in 2009 (from 2.3% in
2008 to 7.1% in 2009).* Also, the unemployment rate happened to be higher after the first
crisis, increasing from 9.8% in 2002 to 10.5% in 2004, whereas it was slightly lower after the
second crisis, decreasing from 7.8% in 2008 to 7.7% in 2010. Whatever induced these
differences, they provide a rather unique opportunity to compare the way of functioning of the
AROPR and the GCSPI.

During the first economics crisis (2002-2004), rising unemployment and the decline in
the percentage change in social benefits together with the implications of the crisis provide a
more than convincing explanation for the noticeable increase in the GCSPI. The AROPR,
however, fell slightly during the same time period. This can only be explained if the trend in
inequality is taken into account: the loss of the wealthier parts of the society has been stronger
than the loss of the poorer parts, causing a reduction in the income inequality of the society as
a whole. This is reflected in a decrease of the AROPR. To put it more plainly, the AROPR
decreases not because of an improvement in the living conditions of the poor but because the
deterioration in the living conditions of the poor was weaker than the deterioration in the
living conditions of the wealthy.

In the case of the second, much more severe, economic recession and completely
different from the first, the AROPR increases, reflecting again the development of overall
inequality in the society that is in 2010 almost as high as in 2008. Just as in the case of the
recession of 2003, the GCSPI shows a different trend: the GCSPI remains stable, capturing
the slight decreases in the unemployment rate as well as in the social benefit expenditures
between 2008 and 2010.

Other interesting stories could be told from the figure, for instance with regard to the

steep increase in income inequality from 2005 to 2006, the year in which a new set of rules

3% The reduction of the economic recession of 2003 is unusual but might be due to the fact that there had been a
rather strong increase in the previous year’s percentage change as the social budget was raised from almost 662
billion in 2001 to more than 685 billion in 2002, maybe an election gift.



90 CHAPTER 3. APPLICATION GERMANY

for the long-term unemployed and social welfare assistance was introduced, the Hartz IV
regulations, to only name one. To tell them all, however, would go beyond the scope of this
chapter.

I will commence the analysis with an illustration of the usefulness of the regional and
dimensional decomposability of the multidimensional indices GCSPI and SCSPL. It is already
apparent from figure 3.09 that the changes in the GCSPI have been rather minor over time.
With this observation in mind, the question inevitably arises as to how able the index is to
reflect changes in the living conditions of the poor. Is the reason for the minor changes only
the result of an unwanted inflexibility of the poverty measure? In order to be able to respond
to that so important question, I take advantage of the subgroup decomposability of GCSPI and
compare the development of poverty rates across the Bundeslaender. Some of the results are

illustrated in the following figure.

Figure 3.10 Different Poverty Paths in Germany 2002-2010

0.050

0.045

%

0.040 \-/-
’//\hineland-Palatinate
0.035

l/ —— —
0.030 —

—

All
0.025 Hamburg \

0.020 \

\

0.015

2002 2004 2006 2008 2010

——All 0.029 0.032 0.032 0.031 0.031
—+—Hamburg 0.026 0.029 0.025 0.020 0.018
—— Rhineland-Palatinate 0.029 0.033 0.038 0.030 0.035
Berlin 0.029 0.037 0.038 0.040 0.047
—&— Saarland 0.032 0.035 0.044 0.038 0.040
Bremen 0.035 0.031 0.024 0.025 0.028

The figure provides evidence enough for the index’s flexibility to react to changes in
living conditions. The development of poverty has indeed been very diverse across the
Bundeslaender, it highlights stories of success and failure that would be worth to be told,
however go beyond the scope of this chapter. But one question that is related to these trends
shall be studied in the following: in face of the obvious diversity of poverty trends are there

also indications for an overall regional trend? Figure 3.08 already demonstrated that in 2010
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poverty levels in East Germany have been higher than in West Germany regardless of which
poverty index was utilised. Are these differences stable or did they evolve over time?

Table 3.03 in the appendix compares the GCSPI as well as the respective decompositions
according to poverty incidence, intensity and inequality across the Bundeslaender and over
time. It seems indeed to indicate an overall regional trend. The maximum values for the
overall index as well as all its three components increased over time and they originate in the
vast majority of cases from Eastern Germany. The observation suggests that the picture drawn
by figure 3.08 is not a coincidence but rather the result of a worrisome overall trend.

In order to shed further light on this first impression, the following figures provide
poverty maps for Germany with regard to the AROPR, the GCSPI, and the SCSPI from 2002
to 2010.

Figure 3.11 German Poverty Maps AROPR 2002-2010
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Figure 3.12 German Poverty Maps GCSPI 2002-2010
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Figure 3.13 German Poverty Maps SCSPI 2002-2010
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All poverty indices tell the same story: though there has only been a slight increase in
overall poverty over time, a concentration process seems to have taken place that makes
poverty more and more a problem of East Germany. However, there seems to be a small ray
of hope: It seems as though in 2010 the worrisome trend weakened for the first time since
2002.

Considering the overall trend that the regional decomposition made visible, the first
question that vies for attention is whether a similar overall trend can be detected with regard
to dimensional decompositions. As has been pointed out before, the GCSPI as well as the
SCSPI belong to the first class of additive poverty indices that satisfy the property of Factor
Decomposability (FD). It is the fulfilment of that specific property that allows the
decomposition of the indices according to poverty dimensions. Such decomposition is
illustrated in the following figure for the GCSPI as well as the SCSPI across the

Bundeslaender and over time.

Figure 3.14 Development of Dimensional Decompositions 2002-2010

100% -

)0,
15% %) 1225
90% -
oy : A8%$
80% - b
S 14%
70% - b 7
° s | [oued AR 35%
Pty s
60% - | "
i 20% 1] 22%
50% -
40% - 5 21% IOCICH - 23% - Pa®a®e®e] - 22% 9%, - - 239% - 2-11-8'0)1-1 - 23% i
22 21%, " 20% 8%
30% - o

20% -

10% +

0% -

GCSPI SCSPI GCSPI SCSPI GCSPI SCSPI GCSPI SCSPI GCSPI SCSPI
2002 2004 2006 2008 2010

BEmployment DEducation OHealth BIncome ®Housing BEnvironment BMobility

The high volatility of the SCSPI is also reflected in the dimensional decomposition. Clear
trends in the contribution of the different dimensions are often not recognisable. One
exception is the contribution of the dimension dissatisfaction with employment to overall
poverty that shows a continuous decrease from 29% in 2002 to 27% in 2010. The GCSPI, on
the other hand, shows some clear trends. There exists a slight increase in the contribution of

income, from 12% in 2002 to 14% in 2010, and a (stronger) decrease in the contribution of
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education, from 22% in 2002 to 18% in 2010. In addition, the contribution of employment
shows a strong increase in the years 2008 and 2010, from 25% in 2002 to 30% and 28%,
respectively. These trends have special significance if they are associated with the
decomposition according to regions and dimensions which is illustrated by the following
figure for 2010.

Figure 3.15 Dimensional Decomposition of GCSPI 2010
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As expected, the dimension environment shows the strongest contribution in the urban
areas, irrespective of whether they are located in the Eastern or Western parts of Germany
(e.g. Berlin, Bremen, Hamburg). But the figure also indicates two regional peculiarities. It
seems that in Eastern Germany income deprivation is a stronger contributor to overall
deprivation compared to Western Germany, as already indicated by the stronger importance
of the AROPR for this region (figure 3.08). In Western Germany, on the other hand,
education seems to be the stronger contributor. This corresponds to the two different types of
support programs of the European Social Funds in Germany. The Eastern Bundeslaender —
with the exception of Berlin — belong to the ‘Convergence Regions’, i.e. regions that are
characterised by weak economic performance. The objective of the respective support
programs is to speed up GDP growth in those regions so that they are able to catch up with
the rest of Germany. The Western Bundeslaender belong — without exception — to the

‘Competitiveness and Employment Regions’. The objective of the support programs in those
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regions is to promote life-long learning, training and to improve the reconciliation of work
and family life.

If this regional peculiarity is associated with the trends in the dimensional decomposition
it reveals two important sources for the pronounced drift apart in East and West German
poverty levels as captured by the poverty maps: the declining significance of the contribution
of educational deprivation, that has been the much stronger contributor to poverty in West
Germany, combined with the increasing significance of the contribution of income
deprivation that has been the much stronger contributor to poverty in East Germany.

By far not all stories have been told, the attempt would have gone well beyond the scope
of this chapter. However, the stories that have been told all get to the same conclusion: the
operationalisation of the capability approach by means of the GCSPI seems to be very

worthwhile.

3.6  Conclusions

With the publication of the second German ‘Poverty and Wealth’ the German government
adopted the decision to define poverty in Germany on the basis of the capability approach.
However, so far the decision did not in any way impact on the way poverty is measured.
Germany still utilises exclusively the at-risk-of-poverty rate (AROPR), defined as the
population share with a net equivalence income below 60% of the median of the population,
to assess poverty.

This chapter made a first suggestion to operationalise the capability approach by means
of a multidimensional index, the German Correlation Sensitive Poverty Index (GCSPI). In
addition, another subjective multidimensional poverty index is introduced, the Subjective
German Correlation Sensitive Poverty Index (SGCSPI) that is based on the self-evaluation of
satisfaction of the respondents — a procedure that became rather popular in recent years. The
analysis revealed the high additional value that is generated in case the traditional income-
based AROPR is complemented by other, multidimensional poverty indices.

First, there is a strong discrepancy in the identification of the deprived according to the
AROPR and the GCSPI In fact, the analysis reveals a considerable failure of the income
approach to account for other poverty dimensions apart from income: the congruence between
those who are deprived in income and those who are deprived in the non-income GCSPI
dimensions ranges between merely 9% and 44%. In addition, even after accounting for all six

non-income dimensions, there are still income-poor individuals left who are not deprived in
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any of these dimensions. And even in case the official breadline is used that is considerably
lower than the AROPR there are individuals left whose net equivalence income is below the
official breadline but who are nevertheless not deprived in any of the six non-income GCSPI
dimensions: 12.4% of the 6.8% of the respondents with a net equivalence income below the
official breadline are not captured by any of the six non-income GCSPI dimensions.

Second, there exists a considerably discrepancy in the regional composition of the three
indices. The poverty rates provided by the AROPR and the SCSPI for the Western and the
Eastern Bundeslaender seem to be an almost perfect reflection of each other. With only few
exceptions, the SCSPI is highest in the Western Bundeslaender, followed by the GCSPI and,
finally the AROPR. In the Eastern Bundeslaender, the trend is just the opposite, i.e. the
ARORPR is highest, followed by the GCSPI and, finally, the SCSPI.

Third, the three indices do not only demonstrate rather different degrees of volatility over
time, poverty dynamics can even be opposite. The SCSPI is rather volatile and tends to be
higher in more populous, urbanised areas. It seems to be distorted as dissatisfaction in one
dimension influences the evaluation of other dimensions, especially if respondents suffer from
bad health conditions. The AROPR, on the other hand, is less volatile and tends to be higher
in less populous, rural areas. By definition it is rather sensitive to the overall inequality in the
society and, as a consequence, might decrease during a time in which the situation of the poor
actually worsened, i.e. whenever the situation of the poor worsens less than the situation of
the wealthy. The GCSPI, finally, is unable to reflect these changes in the overall inequality of
the society; it only captures inequality changes among the poor.

The results all seem to point in one direction, i.e. that the introduction of
multidimensional poverty indices that complement the AROPR seems to be very worthwhile
as these indices provide information about poverty that traditional income-based poverty
measures are unable to discover. In addition, the empirical analysis offered a series of
interesting trends. For once, there is the worrisome trend towards a concentration of poverty
in Eastern Germany. There are also the very interesting results of the development of poverty
rates in the different Bundeslaender over time that highlight stories of success and failure.
Also, the differences in the dimensional decompositions, according to regions and over time,
provide lots of material to study. It seems that further research in this area could provide
valuable insight. In addition, direct capability-related questions will for the first time ever be
available in the GSOEP in 2013.
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Appendix 1

Proof of Theorem 1.1

The ‘if” part of the proposition is straightforward to verify. To prove the ‘only if” part, I
proceed by induction on population size (see also Seth, 2011; Bossert, Chakravarty and
D’ Ambrosio, 2012). Suppose that the new index P(X;z) satisfies the axioms stated in the
proposition. Since the scope of this paper is restricted to the ordinal case, assume without loss
of generality that X is a dichotomous matrix such that x; € {0,1} forall ie {1,...,n} and for all
je{l...,k}. It immediately follows that individual i is deprived with regard to attribute j if
x; = 0,1i.e. x; = (IR= ¢ = 1 and x; = | = Cc; = 0. Thus, P(X;z) can be expressed as P(X)
Now suppose Xe X' ,. Be 0, a vector of zeros and 1, a vector of ones. Then by normalization
(NM), P(0,)=1 and P(1,)=0. These equations in combination with strong focus (SF) lead
to the following general identification function:

fe,) if maxfe, =1)

C;Z)=
Pes(€,32) { 0 if max{c, =0}
Suppose Xe X\{1,}. Let O;denote deprivation in some attribute jedl,...k} so that

P(0;) = f(c,)a;. Aggregating under factor decomposability (FD) leads to:
PX)= D> PO)= > fle)a,=f(c) Da,.

jefl...kte =1 jefl...k ke =1 je{l..k}e =1

From monotonicity (MN) and sensitivity to inequality increasing switch (SIIS) it follows that
f(e,) isincreasing in ¢, with a nondecreasing (nonincreasing) marginal in case attributes are
substitutes (complements). From monotonicity (MN) and normalization (NM) it follows that
fe)e (O]1]: pg(e;z) = f(e,) only if ¢; =1 for at least one je€ {I.....k}, so that due to
monotonicity (MN) f(c,) > 0. Also, due to normalization (NM):

PO)=f(e,) Ya, =f)) a;=Ffle)=I.

Jjellk e ;=1 ’

Thus, f(c,)e (0.1].

Suppose proposition 1 is true for all ne N. Now, let

Xe X, X'=(x;li€ (L), je {L..k}} and X ={x,[i=n+1je {L.k}} (1.01)
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When extending f(c,) to a society with n individuals, the identification function in its most
general form may i) depend on the deprivation vectors of other individuals, ii) differ across
individuals, iii) depend on the population size n.

The first possibility is immediately ruled out by subgroup decomposability (SD), i.e
e, x{€, €, 1€,y 5enC,5€, ) = f"(c,) forall ie N. With this, I can rewrite (1.01) as:

P(X) =" P(X')+—— P(X’) &
n+l n+l

P(X) = ( j( jZf”“ {Z}a +( anﬁ?(cnﬂ.){ Z}‘,a,- (1.02)

Next, I will show that the second possibility can be excluded, i.e. f" = f" forall i,i'e N.

Consider any 7,7 € N. Let X e X, whereby ¢, =c¢ with 0. #¢#1. and ¢, =1, forall i # i.
Likewise, let X e X, be such that ¢. =¢ and ¢, =1, forall i # i. Using normalization (NM)

and subgroup decomposition (SD):

PX)=(n-D/n+f"(€) Y a, and PX)=(n-D/n+fI'€) D.a,

jefl,..kle =1 jell....kke,=1

From anonymity (AN) it follows that P(X)=P(X’) and thus fi'(@€©)=f/(c). Hence,

f = f" forall i,i’e N. I denote this common function f".
Finally, also the third possibility can be excluded, i.e. f" = f"forall n,n’e N

Consider any X e X; so that ¢, =¢ is any deprivation vector resulting from the achievement

matrix X.

Thus, P(X)= f'(€) Dla,.

jefl....k ke =1
Now, consider any Xe X, so that X= [X],, Then, by population principle (PP)

jefl....k}e;=1 jefl....kke;=1 jefl....k}e;=1

As a result, f ') = f"(c) and thus f "= f" for all n,n’e N. I denote this common

function f .

With this I can rewrite equation (1.02) as

P(X) = (Hj(ljz >a +( jf(c,m.) 2.4,

i=1 ]e{l ko=l Jje{l okt =1

n+l

Zf Zaj

jell ke, =1

QED.
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Proof of Proposition 1.1
I proof proposition 1 for the new class of indices, the proof for the others is equivalent.

Define d, :#{cij\cijzl} and further R, ={ie N{d, = j}j=1...k} with #R =gq;j=L..k
and H; =g, /n. Then

P(Xi2)=1/nY 5" Ya, =1nlld k) 4t d k) = 2 Gy

ies; Jjefl...kke;=1

QED.

Proof of Proposition 1.3

P (Xiz)=1 ¥ 67 za,:_z{ S, } za,:l;s( za,j&w@

teS je{lokke;=1 ieS;| je{l...ktey=1| je{l....k}ke;=1 Nics. je{lok ke =1

o203z 5] 30/ {HH :
e Pl | F A ot 1/ 23|

=41 A P a,
P (X, ) » {q ,ezs! _/5{1,_;}%1—1} 1 (9(9 1)){ q(6(0 - 1)) zEZSj [l:je{l Zk}c =1 zES el k}c 1} “
Thus, Py (X;z) = H[u(®)]’ [1+(0(0-1))GE, ()]

QED.
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Proof of Proposition 2.1.

The ‘if’ part of the proposition is straightforward to verify. To prove the ‘only if” part, I
proceed by induction on population size (see also Rippin, 2012a). Suppose that the new index

P(X;z) satisfies the axioms stated in the proposition.
Individual i is deprived in attribute j if X; <2, 1.e. c; = 1. Likewise, ¢ = 0if X; 27

Now suppose X e X',. Let X, denote a vector of achievements with x,; < z;forall jand x, a
vector with zero achievement in all attributes, i.e. x, ;= Ofor all j. Finally, let xi be a Ve:tor
of achievements with ;clj > z,for all j. Then ; normalization (NM), P(&) =1 and
P(x1)=0. Let f(e,)e[0,1] denote the general identification function of the ;oor. From
monotonicity (MN) and inequality sensitivity (IS) it follows that f(c,) is increasing in c,
with a nondecreasing (nonincreasing) marginal in case attributes are substitutes
(complements). Thus, max{f(c,)}=1 for all x, €x,, expressing absolute poverty and

min{ f(c, )} =0 forall x, € x_l, identifying the case of no poverty.

Suppose X e X,\{xi}. Then there exists at least one achievement level %, ;€ Xwith X; <z,

for some j & {l....,k}. Then, P(%,,) = f(c,)a,g(% ;;z,) .

Aggregating under factor decomposability (FD) leads to the general formula:
PXiz)= ) fle)ag(x;iz)=f(e) Y a,8(x;:z) (2.01)

Jellk ke =1 Jellowk ey ;=1

where a; >0 and Z;aj =1. Due to scale invariance (SI), g(x;;z;)=g(x;/z;) for all

(X;z) e KXZ so that I can rewrite (2.01) as

PX;z)=f(c,) D.a,8(x,/z,) (2.02)

je{lo.k}e =1
with g[0,00] = R' being continuous and non-increasing due to continuity (CN) and
monotinicity (MN). Also, fulfilment of uniform majorization (UM) requires convexity of g(.)

(see Chakravarty, Mukherjee and Ranade 1998, p. 184). Finally, due to normalization,
K k
P(x)=Y" a,20)=g0) a,=g0)=1.



APPENDIX 2 A 107

In addition, strong focus (SF) implies that g(r) =c¢ for all # =1 with ¢ <1 being a constant.
Please note that P(X_l) =(0 as required by normalization (NM) is already satisfied by
min{ f(c, )} =0 forall x, € x_1
Suppose proposition 1 is true for all ne N. Now, let:

X€ Ko X' ={Xfi€ {In), j€ (L k})} and X" ={x,[i=n+1,j€ {l...k}} (2.03)
When extending f(c,) to a society with n individuals, the identification function in its most

general form may i) depend on the deprivation vectors of other individuals, ii) differ across

individuals, iii) depend on the population size n.

The first possibility is immediately ruled out by subgroup decomposability (SD), i.e.
file.x{c ,...e,€0050€,,€,,. 1) = f"(¢,) for all ie N .With this, I can rewrite (2.03) as:

P(X;z)= LP(X';Z)+LP(X”;Z) &
n+l1 n+l

Py =L 1) Sag e —— |fmie)  Ya, g(x/z,)2.04)
n+l A\ n)3 +1

Je{lkfe,=1 n Je{lkFeye =1
Next, I will show that the second possibility can be excluded, i.e. f" = f" forall i,i'e N.

Consider any 7,7 € N. Let Xe X, whereby X. =X with X#X#X and X, =x forall i#i.
Likewise, let X'e X; be such that x> =% and x| = x forall i #1 . Using normalization (NM)

and subgroup decomposition (SD):

PX;z)=(n-D/n+f"@) Da,g(,/z,)

jefl....k}e;=1
And
P(Xz)=(n-D/n+fI@) Yla,gR;/z;)

Jjello...k}e =1

From anonymity (AN) it follows that P(X;z) = P(X';z) and thus f"(¢) = f/'(¢.) . Hence,

f" = f forall i,i’e N.Idenote this common function f".
Finally, also the third possibility can be excluded, i.e. f" = f"forall n,n’e N.

Consider any X e X so that X, =X is any achievements vector in X. Thus,

PX;z)=f'@) Y a;g%;/z))

jefl....kke;=1

Now, consider any Xe X, sothat X = [X]n and ze Z =ze Z . Then, by population principle
(PP) P(X;z) = P(X;z), i.e.
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PXiz)=1/nY " f'@) Yag(;/z)=f"@) dag&,/z,)=

jell o }e;=1 Jell..k}e;=1
fl@) Dla;gx;/z;)=PXz)
jefl....k}e;=1

As a result, f'(¢)=f"(¢) and thus f" = f" for all n,n’e N. I denote this common
function f .With this I can rewrite equation (2.04) as

P(X;z) = ( j( jZf zajg(xij/zj)+(ﬁjf(cn+l-) zaj 8(X,;/2;) &

jell....k bey=1 Jjefle ke, =1

n+l

Zf ) 2a,805/2)

jefl...k bey=1

QED.

Proof of Proposition 2.2

FGT X Z 1/”Z,es Za gt/

e
Pir (Xiz)=tjn 3 a,[;[gi,((z, ~1,@)z )z /e - @) o
Pa(iz)=tin 3 ale-u @)l Tl -n@lf <
Py (i2)=1/n % ahrehra, Y, o -va, Y x5 )
;Slg,,/h/z DINERSTI YR R
PFGT(X;Z)zllnjE{l . ll/qj D s, gUJ:ZS:lgU/(l/q s, j)]g

Pr(X2)=g/n Y a,(gll,@F g+ @ -oli/g,6 -0)3_ [s,11,@) -1]

Jjefl,. ke, =1

Thus, Py, (X;z)=H Za (q /(] [,U ] [1+( B)GEg(g)]

je{l,. ke, =1

QED.

Proof of Proposition 2.3.

Py(Xiz)=1/n) ;) Da,d'g)

Jjefl,k ey =1

PeXz)=tn Ya, ¥ 5, @@ Y 6 /u@) ]

jedt,.. k}c-—
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> (g /n, (g)gl/z (g,/1,@) |
PoXia)=afn 3, 0,10 L 1198 81l T @ IHON W/ Z, e, |

jell,... ke, =1

> e/m @[3, 6 /@) e
Py (X:z)=g/n Za (0, /M@ [w, @ Ve, T, 578 Wa X, 6 a2, &)

jell,... ke, =1

i+ (6> -6)/q, (6> - 03, [g Ju, @) ~1)
1+ -a)qle -3, 16/u) N -1

Thus,

Py(Xiz)=H Y alq, /alu®) |u, @) 12.8)1+(6” - 6)GE, )i+ (o - a)GE, (6)

jG{l,...,k}:cij =1
QED.
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Table 2.02: Decomposition of FGT and ISPI o = 1.5 (alphabetical ordering)

ISPI (0= 1.5)
FGT (a.=1.5)
o we) GE(g) I(g.d)
Country A FGT H g & & g & g1 22 g3 84 gs g1 2 g3 g4 gs wd) GE@) & 28] g3 g4 8gs ISPI A Country
Armenia +1 0.009 0246 0.24 0.05 0.02 046 0.37 0.245 0.298 0.444 0.253 0.491 0.352 0.378 0.205 0.229 0.104 0.203 0.145 0.960 1.005 2.109 1.637 0.686 0.001 +1  Armenia
Azerbaijan - 0.016 0.360 0.17 0.10 0.02 0.66 033 0.248 0.327 0.538 0.262 0.440 0.340 0.331 0.182 0.174 0.160 0.250 0.107 1.157 1.436 1.896 1.374 0.888 0.003 - Azerbaijan
Bangladesh +4 0.117 0.829 0.35 0.27 0.30 0.63 0.79 0.310 0.319 0.574 0.350 0.748 0.270 0.311 0.145 0.142 0.099 0.424 0.178 1.369 1.655 1.857 1.469 1.220 0.057 +2 Bangladesh
Benin -2 0.147 0841 0.13 0.24 0.52 0.66 0.60 0.246 0.359 0.687 0.335 0.459 0.342 0.356 0.112 0.158 0.355 0.452 0.121 1.462 1.562 1.424 1.255 1.078 0.066 -2  Benin
Bolivia -1 0.063 0.663 0.03 0.06 0.16 0.77 0.70 0.188 0.325 0.472 0.398 0.404 0.479 0.397 0.165 0.133 0.396 0.322 0.128 1.033 2.016 1.959 1.245 1.295 0.018 -1 Bolivia
Cambodia  +1 0.140 0.927 0.24 0.15 0.28 0.92 044 0.260 0.302 0.462 0.508 0.483 0.321 0.332 0.169 0.070 0.286 0.436 0.097 1.424 1.924 1.765 1.053 1.396 0.055 +5 Cambodia
Cameroon - 0.097 0.785 0.10 0.16 0.32 047 0.85 0.306 0.355 0.661 0.301 0.626 0.310 0.311 0.118 0.175 0.166  0.328 0.262 1.901 2.159 1.946 1.685 0.998 0.037 -1  Cameroon
Congo, Rep. - 0.075 0.824 0.21 0.14 0.08 0.67 0.79 0.303 0.329 0.538 0.319 0.717 0.299 0.343 0.162 0.166 0.100 0.314 0.163 1.505 2.011 2.098 1.416 1.127 0.021 +1  Congo, Rep.
DR Congo - 0.114 0916 0.22 024 0.17 0.70 0.84 0.279 0.412 0.563 0.371 0.679 0.325 0.310 0.153 0.136 0.162 0.374 0.151 1.557 1.706 1.835 1.311 1.105 0.042 - DR Congo
Ethiopia - 0.305 0.982 0.24 0.25 0.63 091 0.98 0.289 0.409 0.724 0.537 0.869 0.342 0.310 0.095 0.069 0.030 0.602 0.068 1.279 1.442 1.262 1.087 1.056 0.177 - Ethiopia
Ghana -3 0.076 0.711 0.06 0.06 0.23 0.70 0.60 0.241 0.306 0.666 0.335 0.543 0.300 0.433 0.115 0.158 0.231 0.325 0.144 1.671 1.882 1.882 1.210 1.095 0.023 -2  Ghana
Haiti -3 0.146 0883 0.19 0.11 040 0.67 0.85 0.317 0428 0.635 0.385 0.683 0.329 0.320 0.116 0.132 0.141  0.419 0.151 1.616 1.850 1.572 1.386 1.200 0.064 -3  Haiti
India +4 0.132 0846 0.47 0.26 0.22 0.74 0.68 0.356 0.423 0.679 0.407 0.582 0.244 0.283 0.122 0.121 0.186  0.440 0.135 1.264 1.737 1.910 1.302 1.247 0.064 +2 India
Kenya - 0.102 0.887 0.17 0.14 0.14 0.71 091 0.276 0.344 0.635 0.399 0.529 0.322 0.373 0.144 0.133 0.260 0.347 0.183 1.874 2.097 2.368 1.452 1.213 0.040 - Kenya
Liberia -7 0.150 0.904 0.14 0.18 0.33 0.69 0.79 0.238 0.377 0.734 0.370 0.807 0.335 0.335 0.098 0.133 0.046 0.398 0.144 1.498 1.518 1.711 1.244 1.135 0.061 -2  Liberia
Malawi +1 0.120 0951 0.09 0.16 0.30 0.69 0.97 0.257 0.344 0.528 0.384 0.498 0.374 0.398 0.139 0.131 0.334 0.389 0.173 1.698 1.762 1.840 1.368 1.123 0.050 +2 Malawi
Mali - 0.228 0.909 0.19 0.32 0.68 0.67 0.62 0.279 0.434 0.797 0.357 0.461 0.327 0.291 0.076 0.144 0.336  0.531 0.093 1.321 1.402 1.242 1.261 1.161 0.118 - Mali
Moldova -1 0.009 0228 0.21 0.03 0.16 0.20 0.59 0.234 0.175 0.391 0.240 0.466 0.342 0.486 0.259 0.238 0.303 0.181 0.246 1.002 0.920 2.491 1.996 0.992 0.001 -1  Moldova
Morocco +2 0.070 0578 0.20 0.10 045 0.55 0.50 0.250 0.369 0.578 0.278 0.528 0.298 0.366 0.164 0.202 0.198 0.381 0.139 1.067 1.763 1.502 1.424 1.312 0.027 - Morocco
Mozambique - 0.161 0.938 0.10 0.19 0.60 0.61 096 0.205 0.382 0.573 0.334 0.555 0.388 0.375 0.146 0.157 0.269 0.472 0.141 1.403 1.666 1.369 1422 1.075 0.078 - Mozambique
Namibia +3  0.059 0.632 0.33 0.18 0.14 0.53 0.60 0.314 0.309 0.584 0.334 0.670 0.313 0.426 0.153 0.189 0.104 0.310 0.188 1.330 2.022 2.243 1.599 1.196 0.019 +1 Namibia
Nepal +4 0.138 0903 0.34 0.29 0.34 0.64 0.86 0.309 0.343 0.629 0.375 0.558 0.278 0.300 0.129 0.142 0.203 0.443 0.178 1.455 1.781 1.744 1.448 1.161 0.072 - Nepal
Niger - 0.296 0971 0.21 040 0.68 0.77 090 0.271 0.460 0.844 0.387 0.739 0.287 0.254 0.054 0.131 0.077 0.595 0.079 1.364 1.324 1.220 1.173 1.054 0174 - Niger
Nigeria -2 0.131 0836 0.21 0.29 0.30 0.60 0.75 0.270 0468 0.823 0.333 0.461 0.331 0.291 0.061 0.152 0.350 0.394 0.190 1.559 1.658 1.922 1.439 1.180 0.062 -4  Nigeria
Peru - 0.049 0.584 0.03 0.04 0.13 0.64 083 0.176 0.205 0.567 0.373 0.456 0.301 0.478 0.144 0.135 0.304 0.277 0.178 0.841 2.233 2.038 1.397 1.248 0.012 - Peru
Swaziland - 0.053 0.641 0.08 0.08 0.12 0.70 0.55 0.199 0.331 0.579 0.330 0.643 0.292 0.506 0.168 0.159 0.111  0.292 0.137 1.634 1.462 2.032 1.295 1.064 0.013 - Swaziland
Zambia - 0.100 0.839 0.12 0.16 0.16 0.83 0.79 0.264 0.285 0.490 0.422 0.524 0.360 0.402 0.183 0.125 0.297 0.376 0.118 1.533 1.673 2.127 1.196 1.162 0.035 +1 Zambia
Zimbabwe -1 0.066 0.799 0.13 0.11 0.04 0.59 0.92 0.261 0.307 0.523 0.338 0.703 0.374 0.392 0.166 0.147 0.150 0.269 0.215 1.983 2.044 2.378 1.559 1.095 0.016 +1 Zimbabwe
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Table 2.03: Decomposition of FGT and ISPI o = 2 (alphabetical ordering)

48!

ISPI (0. = 2)
FGT (0.=2)
o =qiq wg) GE(g) I(g,d)

Country A FGT H g & & & 8 8 £ g3 g4 g 8 £ g3 84 gs wd) GE@) & 28] g3 84 g ISPI A Country
Armenia +1  0.006 0246 0.24 0.05 0.02 046 0.37 0.245 0.298 0.444 0.253 0.491 0.373 0.423 0.217 0.247 0.107  0.203 0.140 0.941 0.898 2.442 1.761 0.737 0.000 +1  Armenia
Azerbaijan - 0.011 0.360 0.17 0.10 0.02 0.66 0.33 0.248 0.327 0.538 0.262 0.440 0.369 0.353 0.181 0.179 0.162 0.250 0.102 1.337 1.698 2.199 1.475 0916 0.001 - Azerbaijan
Bangladesh +4 0.096 0.829 0.35 0.27 0.30 0.63 0.79 0.310 0.319 0.574 0.350 0.748 0.278 0.330 0.143 0.138 0.090 0.424 0.176 1.455 1.879 2.061 1.590 1.297 0.040 +2 Bangladesh
Benin -2 0.126 0.841 0.13 0.24 0.52 0.66 0.60 0.246 0.359 0.687 0.335 0.459 0.368 0.378 0.106 0.156 0.338 0.452 0.118 1.632 1.775 1.515 1.318 1.107 0.047 -2  Benin
Bolivia -1 0.048 0.663 0.03 0.06 0.16 0.77 0.70 0.188 0.325 0.472 0.398 0.404 0.573 0.431 0.172 0.129 0.386 0.322 0.126 1.014 2.510 2.190 1.302 1.441 0.010 -1  Bolivia

Cambodia  +3 0.110 0927 0.24 0.15 0.28 092 0.44 0.260 0.302 0.462 0.508 0.483 0.337 0.359 0.176 0.066 0.276  0.436 0.100 1.580 2.370 1.984 1.067 1.541 0.034 +5 Cambodia
Cameroon -1 0.083 0.785 0.10 0.16 0.32 0.47 0.85 0.306 0.355 0.661 0.301 0.626 0.333 0.325 0.113 0.176 0.150  0.328 0.262 2.102 2.486 2.112 1.816 1.008 0.025 -1  Cameroon

Congo, Rep. - 0.059 0.824 0.21 0.14 0.08 0.67 0.79 0.303 0.329 0.538 0.319 0.717 0.316 0.370 0.164 0.166 0.090 0.314 0.159 1.606 2.364 2.424 1.526 1.190 0.012 +2  Congo, Rep.
DR Congo - 0.093 0916 0.22 0.24 0.17 0.70 0.84 0.279 0.412 0.563 0.371 0.679 0.345 0.330 0.152 0.134 0.143  0.374 0.147 1.757 1.940 2.067 1.376 1.156 0.026 - DR Congo
Ethiopia - 0269 0982 0.24 025 0.63 091 098 0.289 0.409 0.724 0.537 0.869 0.364 0.323 0.088 0.065 0.028 0.602 0.064 1.336 1.595 1.311 1.107 1.075 0.134 +1  Ethiopia
Ghana -3 0062 0.711 0.06 0.06 0.23 0.70 0.60 0.241 0.306 0.666 0.335 0.543 0.316 0.477 0.110 0.155 0.213  0.325 0.144 1.870 2.204 2.133 1.232 1.168 0.014 -2  Ghana
Haiti -3 0123 0883 0.19 0.11 040 0.67 0.85 0.317 0428 0.635 0.385 0.683 0.351 0.333 0.112 0.128 0.124  0.419 0.147 1.961 2.133 1.673 1.500 1.264 0.044 -1  Haiti

India +5 0.108 0.846 0.47 0.26 0.22 0.74 0.68 0.356 0.423 0.679 0.407 0.582 0.249 0.295 0.115 0.116 0.177  0.440 0.134 1.318 2.006 2.198 1.387 1.341 0.045 +2 India
Kenya - 0.083 0.887 0.17 0.14 0.14 0.71 091 0.276 0.344 0.635 0.399 0.529 0.337 0.410 0.139 0.129 0.236  0.347 0.180 2.179 2.569 2.871 1.595 1.330 0.026 - Kenya
Liberia -7 0130 0904 0.14 0.18 0.33 0.69 0.79 0.238 0.377 0.734 0.370 0.807 0.365 0.358 0.091 0.129 0.043  0.398 0.141 1.646 1.611 1.900 1.288 1.198 0.042 -2  Liberia
Malawi +1  0.09 0951 0.09 0.16 0.30 0.69 0.97 0.257 0.344 0.528 0.384 0.498 0.410 0.435 0.140 0.128 0.310 0.389 0.167 1.974 2.014 2.034 1.448 1.167 0.032 +2 Malawi
Mali - 0.205 0.909 0.19 0.32 0.68 0.67 0.62 0.279 0.434 0.797 0.357 0.461 0.345 0.302 0.070 0.142 0.318 0.531 0.090 1.452 1.530 1.285 1.329 1.205 0.089 - Mali
Moldova -1 0.007 0228 0.21 0.03 0.16 0.20 0.59 0.234 0.175 0.391 0.240 0.466 0.363 0.534 0.286 0.264 0.296 0.181 0.249 0.931 0.764 2.863 2.121 1.121 0.001 -1  Moldova
Morocco +2 0.058 0578 0.20 0.10 0.45 0.55 0.50 0.250 0.369 0.578 0.278 0.528 0.312 0.386 0.162 0.205 0.183  0.381 0.139 1.154 2.068 1.598 1.550 1.429 0.017 - Morocco
Mozambique - 0.135 0938 0.10 0.19 0.60 0.61 096 0.205 0.382 0.573 0.334 0.555 0.431 0.403 0.144 0.156 0.245 0.472 0.133 1.558 1.861 1.417 1.525 1.093 0.054 - Mozambique
Namibia +3  0.048 0.632 0.33 0.18 0.14 0.53 0.60 0.314 0.309 0.584 0.334 0.670 0.327 0.473 0.151 0.189 0.095 0.310 0.192 1.460 2.486 2.664 1.777 1.302 0.012 - Namibia
Nepal +4 0.113 0903 0.34 0.29 0.34 0.64 0.86 0.309 0.343 0.629 0.375 0.558 0.290 0.319 0.125 0.138 0.185 0.443 0.173 1.587 2.033 1.904 1.552 1.222 0.051 - Nepal
Niger - 0267 0971 0.21 040 0.68 0.77 0.90 0.271 0.460 0.844 0.387 0.739 0.297 0.261 0.049 0.128 0.069 0.595 0.076 1.489 1.413 1.258 1.213 1.064 0.136 -1  Niger
Nigeria -5 0.114 0.836 0.21 0.29 0.30 0.60 0.75 0.270 0.468 0.823 0.333 0.461 0.355 0.299 0.055 0.150 0.333  0.394 0.188 1.759 1.858 2.163 1.541 1.248 0.046 -6  Nigeria
Peru - 0.038 0.584 0.03 0.04 0.13 0.64 083 0.176 0.205 0.567 0.373 0.456 0.310 0.588 0.143 0.132 0.287  0.277 0.172 0.753 2.650 2.284 1.447 1.346 0.006 - Peru
Swaziland - 0.041 0.641 0.08 0.08 0.12 0.70 0.55 0.199 0.331 0.579 0.330 0.643 0.305 0.573 0.165 0.157 0.104 0.292 0.134 1.920 1.593 2.368 1.356 1.141 0.007 - Swaziland
Zambia +1 0079 0.839 0.12 0.16 0.16 0.83 0.79 0.264 0.285 0.490 0.422 0.524 0.396 0.444 0.188 0.120 0.276  0.376 0.117 1.711 1.927 2.532 1.243 1238 0.021 +1 Zambia

Zimbabwe -1 0.054 0.799 0.13 0.11 0.04 0.59 0.92 0.261 0.307 0.523 0.338 0.703 0.411 0.428 0.167 0.144 0.132  0.269 0.209 2.409 2.364 2.774 1.634 1.128 0.008 +1 Zimbabwe
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Figure 3.03 Frequency Distribution Satisfaction with Health
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Figure 3.04 Frequency Distribution Satisfaction with Work
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Figure 3.05 Frequency Distribution Satisfaction with Housing
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Figure 3.06 Frequency Distribution Satisfaction with Income
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Table 3.03 GCSPI Decompositions 2002-2010

Bundeslaender 2002 2004 2006 2008 2010

n n n m m

5 5 5 5 5

> > 4 > >

(9] (9] (9] (] (]

» n %) o) o)
3 > S > K > S > S >
~ 22 2 = _J 32 z = _ B2 z = _ Z22 z £ _ Be2 2 =
% %8 £ 2 & =28 £ 2= & S® £ 2 & g8 £ 2 & =28 & =
QO O g o] [} QO O g o] [} QO 5 g o] 5] @] O g 2 5] @] O g 2 5]
© £2 £ £ © £ E £ © £ E £ © £ E £ © 22 E £
Baden-Wiirttemberg 0.031 0.064 0.187 0.175 0.033 0.076 0.191 0.187 0.034 0.076 0.194 0.163 0.029 0.063 0.182 0.165 0.027 0.057 0.175 0.165
Bavaria 0.027 0.047 0.173 0.176  0.032 0.078 0.188 0.172 0.033 0.079 0.190 0.185 0.027 0.059 0.178 0.160 0.032 0.069 0.186 0.184
Berlin 0.029 0.054 0.167 0.176  0.037 0.080 0.185 0.184 0.038 0.069 0.186 0.198 0.040 0.071 0.197 0.180 0.047 0.107 0.207 0.211
Brandenburg 0.030 0.055 0.174 0.165 0.038 0.067 0.187 0.192 0.034 0.079 0.182 0.192 0.036 0.087 0.194 0.189 0.031 0.072 0.173 0.207
Bremen 0.035 0.117 0.187 0.154 0.031 0.089 0.177 0.192 0.024 0.033 0.172 0.118 0.025 0.007 0.176 0.102 0.028 0.047 0.184 0.102
Hamburg 0.026 0.038 0.161 0.205 0.029 0.042 0.173 0.209 0.025 0.035 0.170 0.181 0.020 0.038 0.143 0.227 0.018 0.029 0.133 0.224
Hesse 0.034 0.071 0.192 0.172 0.033 0.085 0.190 0.192 0.033 0.069 0.191 0.172 0.032 0.081 0.187 0.210 0.029 0.062 0.184 0.181
Mecklenburg-W .Pomerania 0.033 0.072 0.184 0.190 0.032 0.065 0.172 0.214 0.029 0.046 0.168 0.160 0.033 0.068 0.185 0.163 0.032 0.070 0.185 0.127
Lower Saxony 0.024 0.047 0.168 0.163 0.025 0.042 0.170 0.169 0.028 0.053 0.175 0.188 0.025 0.047 0.173 0.169 0.027 0.054 0.179 0.192
North Rhine-Westphalia 0.028 0.057 0.175 0.170 0.032 0.072 0.182 0.190 0.030 0.065 0.176 0.179 0.031 0.071 0.183 0.179 0.029 0.056 0.176 0.183
Rhineland-Palatinate 0.029 0.065 0.178 0.194 0.033 0.074 0.190 0.171 0.038 0.089 0.206 0.157 0.030 0.067 0.193 0.156 0.035 0.106 0.187 0.209
Saarland 0.032 0.078 0.182 0.161 0.035 0.086 0.195 0.179 0.044 0.129 0.206 0.208 0.038 0.090 0.208 0.217 0.040 0.166 0.213 0.181
Saxony 0.034 0.064 0.179 0.167 0.033 0.066 0.180 0.164 0.037 0.084 0.187 0.189 0.037 0.063 0.190 0.185 0.037 0.099 0.190 0.196
Saxony-Anhalt 0.032 0.079 0.180 0.175 0.036 0.072 0.186 0.182 0.033 0.083 0.184 0.166 0.038 0.095 0.192 0.184 0.035 0.075 0.182 0.233
Schleswig-Holstein 0.022 0.043 0.160 0.188 0.024 0.035 0.167 0.177 0.022 0.032 0.166 0.142 0.027 0.048 0.178 0.174 0.022 0.026 0.165 0.148
Thuringia 0.031 0.055 0.177 0.171 0.035 0.070 0.185 0.168 0.042 0.093 0.201 0.167 0.034 0.058 0.189 0.149 0.037 0.079 0.197 0.164
All 0.029 0.058 0.177 0.175 0.032 0.070 0.184 0.183 0.032 0.071 0.185 0.179 0.031 0.065 0.183 0.176  0.031 0.067 0.182 0.187
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Table 3.04 AROPR Decomposition 2002-2010

Bundeslaender 2002 2004 2006 2008 2010
Baden-Wiirttemberg 0.094 0.078 0.081 0.080 0.088
Bavaria 0.117 0.111 0.120 0.099 0.137
Berlin 0.146 0.185 0.171 0.188 0.201
Brandenburg 0.142 0.160 0.190 0.220 0.218
Bremen 0.121 0.080 0.057 0.083 0.093
Hamburg 0.077 0.103 0.041 0.058 0.038
Hesse 0.120 0.117 0.121 0.129 0.117
Mecklenburg-W .Pomerania  0.141 0.134 0.232 0.199 0.311
Lower Saxony 0.107 0.109 0.109 0.107 0.127
North Rhine-Westphalia 0.119 0.096 0.119 0.126 0.123
Rhineland-Palatinate 0.131 0.123 0.150 0.134 0.163
Saarland 0.087 0.124 0.204 0.134 0.196
Saxony 0.160 0.165 0.205 0.176 0.179
Saxony-Anhalt 0.149 0.133 0.188 0.211 0.186
Schleswig-Holstein 0.087 0.112 0.129 0.135 0.133
Thuringia 0.181 0.171 0.224 0.217 0.194
All 0.120 0.115 0.131 0.128 0.138
Table 3.05 GCSPI Decomposition 2002 (prevalence weights)
Bundeslaender = Contribution of Dimensions
2
.2 g

[ S 7 s S = 9 i = S =

s 2 & ¢ E £ E 2 £ = ¢

& =2 E g T 8 &4 2 = & £
Baden-Wiirttemberg 0.031 6.4%  0.187 0.175 20% 28% 21% T% 5% 9% 11%
Bavaria 0.027 4.7%  0.173 0.176 22% 25% 22% 10% 3% 1% 11%
Berlin 0.029 54% 0.167 0.176 20% 11% 30% 11% 10% 9% 10%
Brandenburg 0.030 55% 0.174 0.165 23% 12% 30% 10% 7% 7% 10%
Bremen 0.035 11.7% 0.187 0.154 23% 18% 22% 5% 11% 8% 14%
Hamburg 0.026 3.8% 0.161 0.205 18% 20% 22% 8% 9% 16% 7%
Hesse 0.034 7.1% 0.192 0.172 21% 22% 23% 8% 5% 1% 14%
Mecklenburg-W.Pomerania 0.033 7.2%  0.184 0.190 22% 13% 29% 9% T% 5% 15%
Lower Saxony 0.024 47%  0.168 0.163 22% 25% 25% 6% 5% 6% 12%
North Rhine-Westphalia 0.028 57%  0.175 0.170 22% 25% 22% 1% 1% 6% 12%
Rhineland-Palatinate 0.029 6.5% 0.178 0.194 25% 27% 20% 6% 5% 1% 10%
Saarland 0.032 7.8% 0.182 0.161 24% 26% 23% T% 1% 6% 13%
Saxony 0.034 6.4% 0.179 0.167 20% 12% 31% 12% 4% 6% 15%
Saxony-Anhalt 0.032 79%  0.180 0.175 21% 12% 33% 11% 7% 6% 11%
Schleswig-Holstein 0.022 43% 0.160 0.188 20% 27% 26% 6% 5% T% 9%
Thuringia 0.031 55% 0.177 0.171 24% 11% 31% 10% 4% 6% 14%
All 0.029 58% 0.177 0.175 22% 22% 25% 8% 6% 1% 12%
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Table 3.06 GCSPI Decomposition 2004 (prevalence weights)
Bundeslaender — Contribution of Dimensions
[ Q- 2] 5 < < 2 7 = e =)
s 52 & § 3§ 2 £ 2 &8 & ¢
S 2 E £ £ B & £ = 4 £
Baden-Wiirttemberg 0.033 7.6% 0.191 0.187 20% 26% 21% 8% 5% 9% 12%
Bavaria 0.032 78% 0.188 0.172 20% 23% 25% 8% 3% 8% 13%
Berlin 0.037 80% 0.185 0.184 20% 10% 30% 10% 8% 8% 15%
Brandenburg 0.038 6.7% 0.187 0.192 21% 12% 28% 10% 7% 6% 16%
Bremen 0.031 89% 0.177 0.192 23% 20% 24% 1% 11% 5% 11%
Hamburg 0.029 42% 0.173 0.209 21% 16% 23% 8% 8% 14% 11%
Hesse 0.033 85% 0.190 0.192 21% 21% 24% 9% T% 8% 11%
Mecklenburg-W.Pomerania 0.032 6.5%  0.172 0.214 20% 12% 32% 8% T% 9% 13%
Lower Saxony 0.025 42% 0.170 0.169 25% 25% 23% 5% 5% 4% 12%
North Rhine-Westphalia 0.032 72% 0.182 0.190 22% 22% 24% 1% 6% 5% 13%
Rhineland-Palatinate 0.033 7.4% 0.190 0.171 19% 26% 21% 6% 5% 10% 13%
Saarland 0.035 8.6% 0.195 0.179 21% 24% 24% 9% 3% 5% 13%
Saxony 0.033 6.6% 0.180 0.164 20% 12% 32% 11% 4% 6% 15%
Saxony-Anhalt 0.036 72% 0.186 0.182 19% 14% 30% 10% 6% 7% 13%
Schleswig-Holstein 0.024 35% 0.167 0.177 18% 22% 30% 8% 5% 5% 11%
Thuringia 0.035 7.0% 0.185 0.168 20% 10% 31% 12% 6% 5% 16%
All 0.032 7.0% 0.184 0.183 21% 21% 25% 8% 5% 7% 13%
Table 3.07 GCSPI Decomposition 2006 (prevalence weights)
Bundeslaender — Contribution of Dimensions
= S 3 Z 5 £ < ° 2 = = =
8 32 &£ § I 2 & 2 % z ¢
S 2 E £ £ B & £ = 4 £
Baden-Wiirttemberg 0.034 7.6% 0.194 0.163 20% 26% 21% 8% 5% 10% 9%
Bavaria 0.033 79% 0.190 0.185 21% 24% 24% 9% 3% 1% 12%
Berlin 0.038 69% 0.186 0.198 22% 13% 32% 8% 9% 5% 12%
Brandenburg 0.034 79% 0.182 0.192 21% 9% 30% 9% 6% 1% 19%
Bremen 0.024 33% 0.172 0.118 27% 27% 24% 3% 11% 5% 3%
Hamburg 0.025 35% 0.170 0.181 22% 16% 22% 9% 12% 7% 11%
Hesse 0.033 69% 0.191 0.172 24% 19% 25% 1% 6% T% 11%
Mecklenburg-W.Pomerania 0.029 4.6%  0.168 0.160 21% 11% 31% 8% 6% 7% 16%
Lower Saxony 0.028 53% 0.175 0.188 22% 24% 25% 5% 5% 4% 15%
North Rhine-Westphalia 0.030 65% 0.176 0.179 22% 25% 24% 1% T% 5% 10%
Rhineland-Palatinate 0.038 89%  0.206 0.157 20% 21% 22% 7% 4% 12% 15%
Saarland 0.044 129% 0.206 0.208 16% 17% 29% 15% 2% 4% 17%
Saxony 0.037 84% 0.187 0.189 22% 9% 31% 9% 4% 8% 17%
Saxony-Anhalt 0.033 83% 0.184 0.166 23% 11% 32% 10% 6% 3% 16%
Schleswig-Holstein 0.022 32% 0.166 0.142 28% 20% 26% 5% 4% 5% 12%
Thuringia 0.042 93% 0.201 0.167 21% 9% 29% 10% 4% 5% 21%
All 0.032 71% 0.185 0.179 22% 20% 25% 8% 5% 6% 13%
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Table 3.08 GCSPI Decomposition 2008 (prevalence weights)

Bundeslaender

Contribution of Dimensions

£
2

[ Q- 2] 5 < < 2 7 =) e =)

s 52 & § 3§ 2 £ 2 &8 & ¢

S 2 E £ £ B & £ = 4 £
Baden-Wiirttemberg 0.029 63% 0.182 0.165 18% 24% 28% T% 4% 8% 11%
Bavaria 0.027 59% 0.178 0.160 20% 22% 28% 9% 3% 1% 11%
Berlin 0.040 7.1% 0.197 0.180 18% 12% 33% 8% 7% 1% 15%
Brandenburg 0.036 87% 0.194 0.189 17% 13% 32% 7% 4% 3% 23%
Bremen 0.025 0.7% 0.176 0.102 14% 22% 25% 10% 17% 9% 3%
Hamburg 0.020 3.8% 0.143 0.227 15% 15% 34% 9% 8% 10% 10%
Hesse 0.032 81% 0.187 0.210 21% 20% 28% 1% 6% 9% 10%
Mecklenburg-W .Pomerania 0.033 6.8%  0.185 0.163 17% 10% 36% 7% 3% 4% 22%
Lower Saxony 0.025 47% 0.173 0.169 21% 22% 30% 1% 4% 6% 11%
North Rhine-Westphalia 0.031 7.1% 0.183 0.179 20% 20% 28% 1% 6% 8% 12%
Rhineland-Palatinate 0.030 6.7% 0.193 0.156 19% 25% 30% 6% 3% 4% 13%
Saarland 0.038 9.0% 0.208 0.217 17% 20% 24% 9% 8% 9% 14%
Saxony 0.037 63% 0.190 0.185 21% 9% 33% 9% 6% 1% 16%
Saxony-Anhalt 0.038 95% 0.192 0.184 18% 12% 34% 8% 5% 3% 20%
Schleswig-Holstein 0.027 48% 0.178 0.174 22% 21% 27% 6% 3% 4% 16%
Thuringia 0.034 58% 0.189 0.149 20% 9% 34% 9% 3% 4% 21%
All 0.031 6.5% 0.183 0.176 19% 19% 30% 8% 5% 1% 13%

Table 3.09 GCSPI Decomposition 2010 (prevalence weights)

Bundeslaender — Contribution of Dimensions

2y SEe! 2 S k= s 2 27 = = g

8 32 &£ § I 2 & 2 % z ¢

S 2 E £ £ B & £ = 4 £
Baden-Wiirttemberg 0.027 57% 0.175 0.165 22% 24% 27% T% 4% 1% 9%
Bavaria 0.032 69% 0.186 0.184 22% 21% 25% 10% 3% 4% 15%
Berlin 0.047 10.7% 0.207 0.211 24% 13% 25% 9% 6% 10% 14%
Brandenburg 0.031 72% 0.173 0.207 18% 10% 33% 8% 6% 4% 21%
Bremen 0.028 4.7%  0.184 0.102 24% 17% 23% 2% 16% 15% 3%
Hamburg 0.018 29% 0.133 0.224 17% 16% 36% 5% 7% 10% 9%
Hesse 0.029 62% 0.184 0.181 22% 17% 28% 8% 5% 9% 11%
Mecklenburg-W.Pomerania 0.032 7.0%  0.185 0.127 24% 7% 31% T% 4% 5% 22%
Lower Saxony 0.027 54% 0.179 0.192 20% 20% 28% 6% 4% 6% 15%
North Rhine-Westphalia 0.029 56% 0.176 0.183 23% 21% 27% 6% 6% 5% 11%
Rhineland-Palatinate 0.035 10.6% 0.187 0.209 17% 24% 29% 5% 4% 3% 19%
Saarland 0.040 16.6% 0.213 0.181 13% 18% 28% 12% 5% 6% 19%
Saxony 0.037 99%  0.190 0.196 21% 9% 32% 10% 7% 6% 16%
Saxony-Anhalt 0.035 75% 0.182 0.233 21% 13% 32% 9% 4% 4% 17%
Schleswig-Holstein 0.022 2.6% 0.165 0.148 27% 20% 27% 8% 4% 5% 9%
Thuringia 0.037 79% 0.197 0.164 20% 9% 34% 8% 3% 5% 21%
All 0.031 6.7% 0.183 0.176 2% 18% 28% 8% 5% 6% 14%
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Table 3.10 GCSPI Decomposition 2002 (equal weights)
Bundeslaender — Contribution of Dimensions
2 g 5
=2 - g E w = £
= S % & = § & £ = & g
s 52 & § 3§ 2 £ 2 &8 & ¢
S 2 E £ £ B & £ = 4 £
Baden-Wiirttemberg 0.032 81% 0.188 0.174 20% 27% 21% 7% 5% 9% 11%
Bavaria 0.027 62% 0.175 0.175 22% 25% 22% 10% 4% 1% 11%
Berlin 0.030 7.5% 0.170 0.173 19% 11% 29% 11% 10% 9% 10%
Brandenburg 0.030 72% 0.176 0.163 23% 12% 30% 10% 7% 7% 10%
Bremen 0.036 11.7% 0.189 0.152 23% 18% 21% 5% 11% 8% 14%
Hamburg 0.026 79% 0.164 0.198 17% 20% 22% 9% 10% 16% 6%
Hesse 0.034 94% 0.193 0.170 21% 22% 22% 8% 6% T% 14%
Mecklenburg-W .Pomerania 0.034 9.1%  0.187 0.188 22% 13% 28% 10% T% 5% 15%
Lower Saxony 0.024 59% 0.169 0.161 21% 25% 25% 6% 5% 6% 12%
North Rhine-Westphalia 0.028 7.1% 0.176 0.168 22% 24% 22% 1% 1% 6% 12%
Rhineland-Palatinate 0.029 73% 0.179 0.192 25% 27% 20% 6% 5% 8% 10%
Saarland 0.032 8.6% 0.183 0.160 24% 26% 23% T% 1% 6% 13%
Saxony 0.034 9.1% 0.181 0.163 20% 12% 31% 12% 5% 6% 15%
Saxony-Anhalt 0.033 94% 0.182 0.172 21% 12% 33% 11% 7% 6% 11%
Schleswig-Holstein 0.022 55% 0.161 0.184 19% 27% 26% 7% 5% 1% 9%
Thuringia 0.032 85% 0.178 0.169 23% 11% 31% 11% 4% 6% 14%
All 0.029 75% 0.178 0.173 21% 22% 24% 8% 6% T% 12%
Table 3.11 GCSPI Decomposition 2004 (equal weights)
Bundeslaender — Contribution of Dimensions
= z £ E £ = z E
& S 'z S s s 2 £ = 2 g
8 (5 E § I 2 E 2 8 = ¢
S 2 E £ £ B & £ = 4 £
Baden-Wiirttemberg 0.034 9.0% 0.192 0.187 20% 26% 21% 8% 5% 9% 12%
Bavaria 0.032 93% 0.189 0.171 20% 23% 25% 8% 3% 8% 13%
Berlin 0.037 11.5% 0.187 0.182 19% 10% 29% 10% 9% 8% 14%
Brandenburg 0.038 10.0% 0.189 0.191 21% 12% 27% 11% 7% 6% 16%
Bremen 0.031 12.6% 0.178 0.191 22% 20% 24% 7% 11% 5% 11%
Hamburg 0.029 59% 0.175 0.206 21% 16% 22% 8% 9% 13% 11%
Hesse 0.034 10.1% 0.191 0.192 20% 21% 23% 9% T% 8% 11%
Mecklenburg-W.Pomerania 0.033 8.1% 0.174 0.212 20% 12% 32% 8% T% 9% 13%
Lower Saxony 0.025 57% 0.171 0.168 25% 25% 23% 6% 6% 4% 12%
North Rhine-Westphalia 0.032 89%  0.183 0.188 22% 22% 24% 1% T% 5% 13%
Rhineland-Palatinate 0.033 82% 0.191 0.170 19% 26% 21% 6% 5% 10% 13%
Saarland 0.035 92% 0.196 0.178 21% 24% 24% 9% 3% 5% 13%
Saxony 0.034 94% 0.181 0.162 20% 12% 32% 12% 4% 6% 15%
Saxony-Anhalt 0.036 10.4% 0.188 0.180 19% 14% 29% 11% 6% 7% 13%
Schleswig-Holstein 0.024 55% 0.169 0.174 18% 22% 30% 9% 5% 5% 11%
Thuringia 0.035 8.6% 0.187 0.167 19% 10% 31% 12% 6% 5% 16%
All 0.032 88% 0.185 0.181 21% 20% 25% 8% 6% 7% 13%
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Table 3.12 GCSPI Decomposition 2006 (equal weights)

Bundeslaender

Contribution of Dimensions

£
2

[ Q- 2] 5 < < 2 7 =) e =)

s 52 & § 3§ 2 £ 2 &8 & ¢

S 2 E £ £ B & £ = 4 £
Baden-Wiirttemberg 0.034 88% 0.195 0.163 20% 26% 21% 8% 5% 10% 9%
Bavaria 0.033 10.3% 0.191 0.184 21% 24% 24% 10% 3% 1% 12%
Berlin 0.039 11.8% 0.188 0.196 21% 13% 31% 9% 9% 5% 12%
Brandenburg 0.035 11.2% 0.184 0.190 21% 9% 30% 9% 6% T% 19%
Bremen 0.024 33% 0.173 0.118 26% 26% 24% 3% 12% 5% 3%
Hamburg 0.026 9.0% 0.172 0.179 22% 16% 22% 10% 13% 7% 11%
Hesse 0.033 9.6% 0.193 0.171 24% 19% 25% 7% 1% 1% 11%
Mecklenburg-W .Pomerania 0.029 64%  0.170 0.158 20% 11% 31% 8% T% 7% 16%
Lower Saxony 0.029 72% 0.176 0.187 22% 23% 25% 6% 5% 4% 15%
North Rhine-Westphalia 0.030 7.6% 0.177 0.179 22% 25% 23% 8% 1% 5% 10%
Rhineland-Palatinate 0.038 12.3% 0.207 0.158 20% 21% 21% 7% 4% 12% 15%
Saarland 0.044 13.7% 0.207 0.205 16% 17% 29% 15% 2% 4% 17%
Saxony 0.038 11.6% 0.188 0.187 22% 9% 31% 10% 4% 8% 17%
Saxony-Anhalt 0.034 9.6% 0.185 0.165 23% 11% 32% 10% 6% 3% 15%
Schleswig-Holstein 0.022 4.0% 0.167 0.140 28% 20% 26% 6% 4% S5% 12%
Thuringia 0.042 12.4% 0.203 0.166 21% 9% 29% 10% 5% 5% 21%
All 0.033 9.1% 0.186 0.178 2% 20% 25% 8% 5% 6% 13%

Table 3.13 GCSPI Decomposition 2008 (equal weights)

Bundeslaender — Contribution of Dimensions

2y SEe! 2 S k= s 2 27 = = g

8 32 &£ § I 2 & 2 % z ¢

S 2 E £ £ B & £ = 4 £
Baden-Wiirttemberg 0.029 7.7%  0.183 0.165 18% 24% 28% T% 4% 8% 11%
Bavaria 0.028 7.1% 0.179 0.159 20% 22% 28% 9% 3% 1% 11%
Berlin 0.040 13.2% 0.199 0.178 17% 12% 33% 9% 7% 1% 15%
Brandenburg 0.037 11.4% 0.195 0.187 17% 13% 32% 8% 5% 3% 23%
Bremen 0.026 42% 0.177 0.102 14% 22% 24% 10% 18% 9% 3%
Hamburg 0.021 4.1% 0.145 0.224 15% 15% 33% 10% 8% 10% 10%
Hesse 0.033 10.5% 0.188 0.208 21% 19% 28% 8% 6% 9% 10%
Mecklenburg-W.Pomerania 0.033 9.1%  0.186 0.161 17% 10% 36% 7% 3% 4% 22%
Lower Saxony 0.026 5.6% 0.173 0.169 21% 22% 29% 1% 5% 6% 11%
North Rhine-Westphalia 0.031 88% 0.185 0.177 20% 20% 28% 1% 6% 8% 12%
Rhineland-Palatinate 0.031 7.7%  0.194 0.156 19% 25% 30% 6% 3% 4% 13%
Saarland 0.038 9.0% 0.208 0.216 17% 20% 24% 8% 8% 9% 14%
Saxony 0.037 10.3% 0.192 0.185 20% 9% 32% 10% 6% 1% 16%
Saxony-Anhalt 0.038 11.7% 0.193 0.182 18% 12% 34% 8% 6% 3% 20%
Schleswig-Holstein 0.027 62% 0.179 0.173 22% 21% 27% T% 3% 4% 16%
Thuringia 0.034 10.5% 0.190 0.150 20% 9% 34% 9% 3% 4% 21%
All 0.031 84% 0.184 0.175 19% 19% 29% 8% 5% 7% 13%
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Table 3.14 GCSPI Decomposition 2010 (equal weights)
Bundeslaender — Contribution of Dimensions
2 g 5
=2 - g E w = £
= S % & = § & £ = & g
s 52 & § 3§ 2 £ 2 &8 & ¢
> T2 E & T 8 4 £ = & £
Baden-Wiirttemberg 0.028 7.5% 0.176 0.165 22% 24% 27% T% 4% 1% 9%
Bavaria 0.032 87% 0.187 0.183 22% 21% 25% 10% 3% 4% 15%
Berlin 0.048 13.4% 0.208 0.210 24% 13% 25% 9% 6% 9% 14%
Brandenburg 0.031 88% 0.174 0.206 18% 10% 33% 8% 6% 4% 21%
Bremen 0.028 58% 0.185 0.102 24% 17% 23% 2% 17% 15% 3%
Hamburg 0.018 3.6% 0.134 0.219 17% 16% 36% 6% 7% 10% 8%
Hesse 0.030 79%  0.185 0.181 22% 17% 28% 8% 5% 9% 11%
Mecklenburg-W.Pomerania 0.032 80%  0.186 0.125 24% 7% 31% T% 5% 5% 22%
Lower Saxony 0.027 69%  0.180 0.193 20% 20% 28% 6% 4% 6% 15%
North Rhine-Westphalia 0.029 78% 0.177 0.182 22% 21% 27% 6% 1% 5% 11%
Rhineland-Palatinate 0.035 11.2% 0.188 0.209 17% 24% 29% 5% 4% 3% 18%
Saarland 0.040 16.6% 0.214 0.181 13% 18% 27% 12% 5% 6% 19%
Saxony 0.038 11.3% 0.191 0.195 21% 8% 31% 11% 7% 6% 15%
Saxony-Anhalt 0.036 9.7% 0.183 0.231 20% 13% 32% 9% 4% 4% 17%
Schleswig-Holstein 0.023 54% 0.166 0.147 27% 20% 26% 9% 4% S5% 9%
Thuringia 0.037 12.4% 0.198 0.164 20% 9% 33% 9% 3% 5% 21%
All 0.031 8.6% 0.182 0.186 21% 18% 28% 8% 5% 6% 14%
Table 3.15 SCSPI Decomposition 2002
Bundeslaender . Contribution of Dimensions
L@ §
= >
_ ss gz £ g o o
&= Sz 2 S = = 'z £
S 5 2 g g £ 2 S
7% T < = = e i) an =
Baden-Wiirttemberg 0.028 6.6% 0345 0.090 22% 29% 13% 35%
Bavaria 0.033 6.3% 0366 0.130 21% 27% 21% 31%
Berlin 0.055 11.6% 0386 0.132 20% 28% 15% 37%
Brandenburg 0.052 113% 0346 0.104 15% 26% 19% 40%
Bremen 0.038 72% 0368 0.125 21% 29% 15% 36%
Hamburg 0.050 129%  0.388 0.090 24% 29% 15% 32%
Hesse 0.038 6.7% 0363 0.150 21% 29% 19% 31%
Mecklenburg-W.Pomerania 0.039 73% 0347 0.126 18% 31% 10% 41%
Lower Saxony 0.046 103%  0.371 0.112 25% 29% 11% 36%
North Rhine-Westphalia 0.028 47%  0.339 0.137 23% 30% 16% 32%
Rhineland-Palatinate 0.023 4.6% 0344 0.111 30% 23% 13% 34%
Saarland 0.024 33% 0326 0.163 20% 36% 15% 29%
Saxony 0.038 9.7% 0351 0.082 11% 29% 14% 46%
Saxony-Anhalt 0.041 9.1% 0349 0.099 19% 23% 15% 43%
Schleswig-Holstein 0.038 83% 0.404 0.116 26% 32% 14% 28%
Thuringia 0.052 124% 0377 0.104 17% 36% 8% 38%
All 0.035 73% 0358 0.119 21% 29% 15% 35%
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Table 3.16 SCSPI Decomposition 2004
Bundeslaender . Contribution of Dimensions
5
5 -
= >
_ 2 E 2 8= g 2 o
& 93 z S = % ‘% =
g g < 8 g g £ 3 S
72 T < = = e &3 an =
Baden-Wiirttemberg 0.040 7.3% 0.356 0.136 26% 25% 15% 35%
Bavaria 0.044 8.6% 0.378 0.135 25% 25% 15% 35%
Berlin 0.048 12.4% 0.387  0.091 22% 28% 6% 43%
Brandenburg 0.059 13.3% 0.358 0.102 19% 29% 3% 48%
Bremen 0.040 9.4% 0.410 0.105 17% 35% 2% 46%
Hamburg 0.047 6.7% 0.345 0.147 20% 24% 21% 36%
Hesse 0.033 7.5% 0.338  0.089 19% 35% 9% 37%
Mecklenburg-W.Pomerania  0.045 11.3% 0.341 0.076 15% 26% 5% 54%
Lower Saxony 0.042 9.3% 0.363 0.108 25% 30% 9% 36%
North Rhine-Westphalia 0.036 6.3% 0.351 0.143 25% 26% 16% 33%
Rhineland-Palatinate 0.024 4.2% 0.310 0.094 24% 32% 9% 35%
Saarland 0.016 3.1% 0.306 0.065 31% 23% 2% 44%
Saxony 0.060 12.1% 0.392 0.135 25% 29% 8% 38%
Saxony-Anhalt 0.065 13.3% 0.402 0.137 22% 22% 14% 42%
Schleswig-Holstein 0.034 6.7% 0.366 0.122 24% 29% 9% 38%
Thuringia 0.052 11.0% 0.344 0.105 15% 35% 10% 41%
All 0.041 8.2% 0.360 0.125 23% 28% 12% 37%
Table 3.17 SCSPI Decomposition 2006
Bundeslaender = Contribution of Dimensions
5
2 -
= >
sz £ R B
5 £ & % CHEE T :
g g < 8 g g £ 3 S
2 T < = = e &3 an =
Baden-Wiirttemberg 0.036 6.8% 0344 0.128 23% 26% 14% 37%
Bavaria 0.041 8.1%  0.355 0.123 23% 26% 15% 36%
Berlin 0.070 14.0% 0.403 0.134 25% 30% 10% 35%
Brandenburg 0.045 11.3% 0342 0.077 20% 22% 12% 46%
Bremen 0.049 12.8%  0.455 0.081 32% 38% 0% 30%
Hamburg 0.032 4.5% 0390 0.180 17% 23% 21% 39%
Hesse 0.042 83% 0355 0.128 21% 33% 14% 32%
Mecklenburg-W.Pomerania 0.041 9.2% 0341 0.094 20% 15% 12% 52%
Lower Saxony 0.048 11.5%  0.379 0.103 24% 31% 12% 33%
North Rhine-Westphalia 0.032 6.0% 0343 0.120 23% 29% 14% 34%
Rhineland-Palatinate 0.057 11.9% 0.442 0.121 20% 28% 18% 35%
Saarland 0.039 7.6% 0333 0.102 25% 35% 4% 36%
Saxony 0.041 82% 0360 0.121 17% 29% 10% 44%
Saxony-Anhalt 0.035 5.6% 0300 0.078 20% 26% 6% 48%
Schleswig-Holstein 0.032 58% 0330 0.117 22% 28% 13% 37%
Thuringia 0.062 129% 0380 0.127 17% 28% 12% 42%
All 0.041 83% 0358 0.122 22% 28% 13% 36%
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Table 3.18 SCSPI Decomposition 2008

Bundeslaender . Contribution of Dimensions
5
2 -
= >

_ 2 2 £ O

& 93 Z = = % ‘% =

8 g < 8 g g £ 3 S

72 T < k= = e &3 an =
Baden-Wiirttemberg 0.033 7.2% 0.344  0.098 21% 29% 8% 42%
Bavaria 0.042 9.3% 0.373  0.113 24% 27% 14% 35%
Berlin 0.055 11.1% 0.377 0.135 25% 26% 12% 37%
Brandenburg 0.041 10.3% 0.357 0.085 19% 21% 12% 49%
Bremen 0.017 2.3% 0.278 0.041 17% 55% 0% 28%
Hamburg 0.030 7.2% 0.386  0.099 18% 35% 11% 35%
Hesse 0.039 8.4% 0.347 0.101 23% 28% 13% 36%
Mecklenburg-W.Pomerania 0.030 5.3% 0.306 0.079 17% 25% 1% 57%
Lower Saxony 0.037 7.8% 0.370 0.121 23% 28% 14% 34%
North Rhine-Westphalia 0.034 6.5% 0.355 0.128 26% 26% 15% 32%
Rhineland-Palatinate 0.029 6.3% 0.382 0.126 22% 26% 19% 34%
Saarland 0.028 6.0% 0.329  0.085 21% 20% 12% 46%
Saxony 0.041 9.9% 0.359  0.092 17% 30% 8% 45%
Saxony-Anhalt 0.057 14.2% 0.400 0.106 18% 29% 7% 46%
Schleswig-Holstein 0.030 7.0% 0.345 0.090 25% 28% 3% 45%
Thuringia 0.054 10.2% 0.363 0.141 19% 28% 11% 42%
All 0.038 8.1% 0.359 0.114 23% 28% 12% 38%

Table 3.19 SCSPI Decomposition 2010
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Baden-Wiirttemberg 0.043 10.0% 0.364 0.106 23% 28% 14% 36%
Bavaria 0.043 9.4% 0.367 0.112 18% 30% 17% 35%
Berlin 0.068 12.8% 0.428 0.149 25% 25% 18% 32%
Brandenburg 0.073 17.6% 0.419 0.103 28% 22% 16% 34%
Bremen 0.021 1.9% 0.268 0.029 33% 29% 2% 35%
Hamburg 0.030 6.7% 0.310 0.061 14% 30% 11% 44%
Hesse 0.036 6.9% 0.365 0.127 23% 30% 16% 31%
Mecklenburg-W.Pomerania 0.050 8.5% 0.373 0.141 27% 29% 5% 39%
Lower Saxony 0.038 9.7% 0.358  0.091 23% 24% 15% 38%
North Rhine-Westphalia 0.037 8.1% 0.381 0.117 24% 28% 17% 30%
Rhineland-Palatinate 0.028 6.0% 0.371 0.117 29% 29% 18% 24%
Saarland 0.047 12.4% 0.371 0.084 10% 20% 22% 48%
Saxony 0.045 7.8% 0.341 0.141 22% 23% 12% 43%
Saxony-Anhalt 0.053 8.5% 0.376  0.166 29% 25% 13% 33%
Schleswig-Holstein 0.044 5.4% 0.393 0.206 26% 30% 15% 30%
Thuringia 0.036 7.1% 0.312  0.082 13% 32% 10% 46%

All 0.042 8.9% 0.369 0.121 23% 27% 15% 35%
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