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Abstract

Increasing efforts have recently been directed towards the question of how to incorporate the
idea of a multidimensional poverty concept into traditional poverty measurement. In response,
several suggestions have been made to derive different classes of multidimensional poverty
measures. In this paper we focus on five axiomatically derived classes of multidimensional
poverty measures. Each of these classes follow the unidimensional approach to progressively
weight the respective distances to the threshold levels in order to account for poverty
intensity.

In this paper we claim that this approach, though reasonable in a unidimensional setting, does
not suffice in a multidimensional setting. An additional aspect of poverty intensity should be
considered which we denote as dimensional poverty: the number of dimensions in which
individuals are deprived. There exists no luminous explanation why a weighting scheme
should account for one aspect of poverty intensity while at the same time ignoring the other
one.

In this paper we introduce a multiple cutoff method to identify the poor which allows us to
extent the five classes of poverty measures to include an additional weighting scheme in order
to account for dimensional poverty. We find that the additional weight has no effect on the
axiomatic basis of the classes of poverty measures other than a partial violation of the well-
known subgroup decomposability axiom.

Keywords: Multidimensional Poverty, Multidimensional Poverty measures, Axiomatic
Approach, Poverty Intensity
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1 Poverty Analysis: An Introduction

Poverty reduction has become one of the main goals of development efforts. Examples are the
adoption of the PRSP (Poverty Reduction Strategy Papers) approach and the Millennium
Development Goals (MDGs) by the majority of international development organisations.
With the target date 2015 of the MDGs approaching, interest in this topic is likely to be
additionally stirred. However, a sound poverty reduction strategy obviously requires a sound
analysis of poverty. Poverty analysis itself has always been a core issue of development
economics. A lot of research has been dedicated towards this subject and with the persistent
public interest in poverty reduction this trend is presumed to continue.

Obviously, the first issue every poverty analysis has to address is the question of how poverty
should be defined and measured. This paper contributes to this core issue and proceeds as
follows. After introducing the main approaches to the definition and measurement of poverty,
chapter 1 shows that current measurement approaches that try to account for poverty intensity
miss an important aspect. While utilising a weighting scheme to put greater emphasis on the
shortfalls within a poverty dimension, current approaches ignore the relationship between
poverty dimensions. We introduce a weighting scheme to make up for this failure. Having
done so, the chapter concludes with an explanation why the rest of the paper focuses on one
particular approach to poverty measurement — the axiomatic approach — which is discussed in
detail in chapter 2. In particular, the chapter introduces the main axioms developed so far and
discusses their advantages and disadvantages. Chapter 3 introduces five main classes of
multidimensional poverty measures which have been derived by different combinations of the
axioms presented in chapter 2. We extend each of these classes by our weighting scheme and
discuss the effects the extension has on the axiomatic basis of the respective measures.
Chapter 4 concludes.

1.1 Defining Poverty

The first issue every poverty analysis has to address is the question of how poverty should be
defined. Over time, experts and academics suggested a variety of concurrent definitions for
poverty and the discussion continues to be controversial. The difficulty is that the definition
should be as inclusive as possible, i.e. comprising preferably every aspect of deprivation, but
also lean enough to be applicable in poverty measurement. One main controversy is whether
poverty should be defined as a unidimensional or as a multidimensional concept'.

! There are of course many controversies, like for instance the discussion whether poverty should be defined in
absolute or relative terms. However, since this paper contributes to the dimensional issue, we will in the
following concentrate on providing a brief overview of the arguments concerning this specific issue.
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It has long been acknowledged that poverty is indeed a multidimensional phenomenon.
However, for a long time period insufficient income (or expenditure) was commonly accepted
as an appropriate indicator to reflect the multidimensional character of poverty.

Recently, the unidimensional definition of poverty came increasingly under criticism. A
higher budget surely improves an individual’s ability to fulfil his/her basic needs. However,
the underlying a priori restriction assigning a weight of one to a single dimension (i.e.
income/expenditure) and zero weights to every other potential dimension of poverty has
increasingly been questioned as being too severe a constraint. All the more since taking a
unidimensional approach to poverty measurement inevitably leads to a loss of information on
dimension-specific shortfalls which are completely neglected.

Additionally, an income-based definition of poverty presupposes that a market exists for all
dimensions of poverty and that the respective prices reflect the utility weights all households
assign to these dimensions. However markets, especially in developing countries, may be
imperfect (e.g. many small-scale farmers lack access to formal credit markets due to
insufficient collaterals) or even not exist at all — which surely is the case for public goods like,
for example, immunization programmes, and also poverty dimensions like literacy, life
expectancy, security, etc.

Empirical studies cast further doubts on a very close correlation between income (or
expenditure) and basic needs. As Thorbecke (2008, p. 4) puts it: “There is not guarantee that
individuals with incomes at — or even above — the poverty line would actually allocate their
incomes so as to purchase the minimum basic needs”. Lipton and Ravallion (1995) for
instance studied the relationship between nutrition and income. Their findings support the
view that it is not the income level per se which is important for poverty measurement but
rather how this income is spent. For instance, there exist examples of household heads who
spend their resources on tobacco, alcohol, gambling or narcotics instead of satisfying the
minimum caloric requirements of their children (Thorbecke 2008, p. 5).

Based on these and related arguments many development economists criticised the income
method. Two of the earliest ones, whose approaches are by now very well known, are the
basic needs approach (1970s)* and Sen’s capability approach (1980s)’. May poverty be

? In the basic needs approach, poverty measurement is based on a chosen set of goods and services which are
considered to meet the basic needs of individuals and allow for a minimum level of quality of life. Thereby,
quality of life does not only comprise those basic needs needed for survival (e.g. nutrition, water, health,
garments etc.) but also security (e.g. housing, safety, employment etc.) and empowerment (e.g. education, voice
etc.). However, one of the main problems of this approach is the determination of what basic needs are,
additionally hampered by the fact that basic needs differ between persons as they depend on individual
characteristics like age, sex, activity etc.

3 In the capability approach, poverty measurement is based on so called ‘functionings’ and ‘capabilities’ (Sen
1985, 1992). Functionings denote specific achievements, something a person is able to do or to be, like being
healthy, well-nourished but also having self-esteem and the possibility to participate in social life. Capabilities
indicate the freedom an individual enjoys in terms of choosing between different sets of functionings. Based on
this approach, an individual is considered to be poor if he/she lacks the possibility to achieve a minimum level of
capabilities to function. This approach underlines the weakness of the income (expenditure) method by pointing
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defined in terms of basic needs or functionings®, ever increasing research efforts are directed
towards the issue to directly account for the multidimensional character of poverty instead of
relying solely on income as an imperfect proxy.

The discussion proves that there exists reasonable doubt that a unidimensional definition of
poverty, though easily applicable, is a good proxy for the multidimensional phenomenon of
poverty. But does it really lead to different results when it comes to empirical application?
The answer seems to be yes. Analysing poverty in South Africa, Klasen (2000) indeed finds
evidence that uni- and multidimensional approaches to poverty measurement lead to quite
different results. They diverge greatly in identifying the poorest sections of the population as
well as in identifying the impact of race, headship, residence, and household size. Those
differences sure enough have considerable consequences for targeting. Analysing individual
well-being in Catalonia, Ramos (2005) defines six dimensions of well-being which are all
rather weakly correlated with equivalent income’, indicating that economic resources do not
necessarily lead to higher levels of well-being’. In fact, he comes to find that only one third of
the income poor are also poor in a multidimensional setting. He concludes that poverty
analysis focussing on income related indicators alone clearly misses important aspects of
well-being.

Though we of course acknowledge the obvious advantages of a unidimensional definition of
poverty — especially with respect to its applicability — we believe there is enough evidence by
now to conclude that it is nevertheless an inadequate definition. Therefore, our paper seeks to
contribute to research efforts to operationalise a multidimensional poverty definition for

poverty measurement.

The following sub-chapter provides an overview of the current debate of how to apply a
multidimensional poverty definition to poverty measurement. In his famous 1976 article, Sen
identified two main steps which poverty measurement comprises; i) the identification of the
poor and ii) the aggregation of the identified characteristics into an overall indicator. There
exists a variety of competitive approaches for both steps and we will briefly introduce the
most influential ones in the following sub-chapters.

out that income should not be analysed independently from its actual possibility to be transformed in
functionings. The adequacy of income to escape poverty varies with personal characteristics and circumstances.
Consider, for instance, a person suffering from a kidney disease who needs dialyse treatment. This person may
have more income than another person but because of the costly treatment his/her possibility to achieve a certain
set of functionings can be very limited. However, again the question remains of how to determine an appropriate
set of functionings.

* All multidimensional poverty indices developed on the basis of the capability approach are based on the
measurement of functionings rather than capabilities. The reason is that “while one may agree with Sen that
capability is the crux of the matter in poverty measurement, the practical implementation of the capability
approach is inherently difficult because one has to have information on the opportunity sets of functionings.’
(Tsui 2002, p. 72).

> Ramos (2005) utilises the modified OECD equivalence scales to equivalize income, assigning a weight of 1 to
the first adult, of 0.5 to every other adult in the household and of 0.3 to children.

6 Ramos (2005) defines well-being poverty as the same percentage of the population which is defined poor
according to equivalent income.

>
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1.2 Measuring Poverty

Poverty measurement comprises an identification and an aggregation step. For each step, we
briefly introduce the main approaches which are utilised in current research activities. Having
done so, we introduce an alternative identification method which we denote as ‘multiple
cutoff” method. Precisely, we suggest to distinguish between different degrees of poverty in
order to account for dimensional poverty. We will show that this adjustment in the
identification step allows us to expand the way in which poverty measures account for
poverty intensity in the aggregation step.

However, before turning to these issues we will first provide a brief overview of the notation
we will utilise in the following.

Let i = 1,...,n denote the number of individuals in a population and j = 1,...,k the number of
attributes (basic needs) identified for the measurement of multidimensional poverty.
Individual i thus possesses a k-row vector of attributes, x, € R*’, which is the ith row of an n

x k matrix X € K". K" denotes the set of all n x k matrices whose entries are non-negative
reals. Let K :YneNK”,where N is the set of positive integers. The jth column of X

accordingly denotes the distribution of attribute j among the » individuals of the population.
Therefore, the (i,7)th entry of X gives the quantity individual i possesses of attribute ;. It
should be noted that this quantitative specification of attributes precludes the possibility that a
variable can take a qualitative form. Finally, let z € Z; Z < R’ be the vector of the respective

threshold levels chosen for the different attributes.

1.2.1 The Identification Step

Having introduced our basic notation, we will now turn to the question of how to identify the
poor within our multidimensional framework. The identification step comprises two steps.
The first step identifies the deprived, whereas, based on the results of the first step, the second
step finally identifies the poor.

1.2.1.1  First Step: Identification of the Deprived

When it comes to the identification of the deprived, we follow the approach taken by
Bourguignon and Chakravarty (2003) in utilising functioning failures in terms of shortfalls
from certain pre-specified minimum (threshold) levels of attributes as indicators for
deprivation. In addition, we draw on the work of Donaldson and Weymark (1986) to
differentiate between a weak and a strong definition of deprivation. Under the weak

7 This restriction of endowments on positive values only is common in poverty measurement literature since
some axioms (e.g. scale invariance, which will be introduced later in the text) make no sense if endowments
could take values less or equal to zero.



definition, the group of individuals who are deprived with respect to a certain attribute
comprise all those who fail to achieve the threshold level of this attribute. Or, expressed
mathematically, individual i is deprived with respect to attribute j if x;; < zj. Accordingly, the
strong definition of deprivation additionally includes all individuals who meet exactly the
respective threshold level. Thus, under this definition, individual i is deprived with respect to
attribute j if xj; < z;.

The differentiation between the two definitions does not make any substantial difference
empirically, not in view of somewhat arbitrary threshold levels (Zheng 1997). It does,
however, make a difference from a theoretic point of view. Donaldson and Weymark (1986)
show that the choice of the strong definition may affect the axioms a poverty measure
satisfies, that is it may result in diverse impossibilities. For this reason, we will utilise the
weak definition and follow the argument of Zheng (1997) by claiming that if it is the
objective of a poverty reducing strategy to rise the endowments of the deprived up to a certain
threshold level then individuals at the threshold level should indeed not be considered as
deprived since no effort has to be made to make them non-deprived.

Thus, individual i is deprived with respect to attribute j if x;; < z;. For any X € K, let §j(X) or
simply S; denote the set of individuals who are deprived with respect to attribute .

1.2.1.2  Second Step: Identification of the Poor

Once the deprived have been identified, the next issue to be answered is how deprived an
individual has to be in order to be poor. Three approaches for the identification of the poor
can be differentiated, the ‘union’, the ‘intersection’ and the ‘dual cutoff’ method. We will
briefly discuss the different approaches before we introduce our own approach which we
denote as ‘multiple cutoff” method.

The ‘union’ method

One identification method is known as the ‘union’ method, identifying an individual as poor
if his/her achievements fall short of the respective threshold level(s) of at least one dimension.
In this case, any deprived person will also be classified as poor. Or, expressed
mathematically, individual i is poor if 3j € {1,2,...,k}: x;; < z;. This approach surely accounts
for the unique importance of every single dimension since it excludes the possibility of
substitution between poor and non-poor attributes, i.e. the ability to compensate the shortfall
in one dimension by the overachievement in (an)other dimension(s). If an individual fails to
achieve the threshold level in one dimension, he/she is considered to be poor irrespectively of
how much he/she has of other attributes. The disadvantage of this approach is that it does not
differentiate between individuals who are poor in one dimension and individuals who are poor
in many or even all dimensions. Thus, it is overly inclusive, leading to exaggerated poverty
rates.



The ‘intersection’ method

A second identification method is the ‘intersection” method, denoting an individual as poor
whenever his/her achievements fall below the respective threshold level in every single
dimension. Or, expressed mathematically, individual i is poor if x; < z; Vj. The approach
certainly identifies the most deprived but is overly constrictive, leading to minimised poverty
rates. For instance, Bourguignon and Chakravarty (1997) doubt the appropriateness of this
approach by pointing out that in case longevity and income are two poverty dimensions, an
old beggar would be considered as non-poor according to the intersection method.

The “‘dual cutoff’ method

In a recent paper, Alkire and Foster (2008) proposed a way to combine both methods by
introducing two forms of cut-offs. Whereas the first cut-off identifies the deprived, the second
cut-off defines how deprived an individual has to be to be considered poor. This second cut-
off is defined as a minimum number of dimensions, say d. Or, expressed mathematically,
individual i is poor if x;; < z; for j € {1,2,...,k} and # j > d. This approach includes both the
‘union’ as well as the ‘intersection’ method as special cases where d = 1 and d = &,
respectively. However, one drawback of this approach is that the choice of the second cut-off
d is rather arbitrary.

The “‘multiple cutoff” method

In our paper, we refrain from the choice of a single or dual cutoff since we believe it wastes
too much information which could be very valuable in the aggregation step. Instead, we
suggest to differentiate between different categories or degrees of poverty. The greater the
number of dimensions in which an individual fails to achieve the threshold level, the more
dimensional poor is he or she. Thus, with k£ dimensions of multidimensional poverty, there
exist up to k groups of poor individuals. This procedure captures the warrantable requirement
of the union method to account for the unique importance of every single poverty dimension,
since a person will be denoted as poor whenever he/she fails to achieve the respective
threshold in at least one of the identified poverty dimensions. However, by differentiating
individuals according to the number of dimensions in which they fail to reach the threshold
levels, it also captures the requirement of the intersection method to account for poverty
severity. As we will show in the following subchapter, this procedure will enable us to enrich
the development of poverty indicators in the aggregation step.

1.2.2 The Aggregation Step

As we have seen in the proceeding subchapter, the identification of the poor is solely based on
dimensional aspects of poverty. However, this is a severely restrictive focus on poverty.
Consider a situation with two poor persons and two attributes whose respective threshold



3 3
levels are (4,4). Now consider the following two distributions of attributes: X = [3 4) and

~ (0 0
X = [O 4} Irrespectively which identification method we utilise, both distributions would

yield the same number of poor’. Yet, the situation of the poor under distribution X is
obviously much more severe than that of the poor under distribution X.

This is the very idea behind distribution-sensitive poverty measures developed in the
unidimensional setting: Instead of merely counting the number of the poor, these measures
rather sum up the distances to the respective thresholds according to which individuals are
deprived.

This approach, though perfectly adequate in the unidimensional setting, is not simply
transferable to the multidimensional setting. First of all, it inevitably leads to double-counting,
whenever individuals are deprived in more than one dimension. This problem is taken care of
by Bourguignon and Chakravarty’s (2003) identification function’.

However, a second problem arises when transferring the principle of distribution-sensitive
poverty measures to the multidimensional case which has not been addressed so far. This
problem is connected with a second feature of those measures which goes back to Sen (1976).
He claimed that the increase in poverty due to a reduction in the income of the poor should be
higher the lower the initial income of the poor. Thus, the resulting distribution-sensitive
poverty measures do not merely sum up the distances to the respective thresholds according to
which individuals are deprived, but rather attribute greater weight to larger distances.

In the unidimensional case this procedure is perfectly adequate to account for poverty
intensity. Yet, in the multidimensional case, another aspect of poverty intensity occurs. This
other aspect is the dimensional poverty.

There exists no luminous explanation why a weighting scheme should be utilised to account
for differences in poverty intensity within a poverty dimension but not between dimensions. It
is well conceivable that an increase in one poverty dimension in which an individual is
deprived should cause a larger decline in the poverty measure if the recipient is also deprived
in other poverty dimensions. Thus, we suggest to introduce an additional weighting scheme.
A scheme that guarantees that the poverty reduction due to an increase in one poverty

¥ The union method would identify both persons as poor, the intersection method one person, the dual cutoff
method either one or both (depending on the definition of &), while our method would classify one person as
poor to degree one and one person as poor to degree two.

? By defining the poverty indicator variable as p(x,;z) =1 if 3j € {1,2,...,k}: x, <z, and 0 otherwise, the

number of poor in a multidimensional setting is simply given by n,(X) = Z‘:] p(x,;2).



dimension will be higher the higher the number of dimensions in which the threshold levels
are not achieved'.

In particular, this paper introduces a weight y; € [0,1], depending on the number of
dimensions s; = 0,...,k in which an individual i; { = 1,...,n; fails to achieve the minimum
threshold level. For instance, a simple way to define p; could be p; = s/k.'" With p; being
increasing in s, this weighting scheme provides a way to account for an individual’s degree of
dimensional poverty'?.

These considerations in mind, we will now turn to the actual aggregation step which finally
leads us to the multidimensional poverty index. As Maasoumi and Lugo (2008) point out, a
poverty index can be disentangled into the individual poverty function p(x; z) and the
aggregator function which together form the poverty index P(X;z) =1/n Z; p(x;z).

Thus, a multidimensional poverty index is a non-constant real-valued function P: K x Z — R.
For any X € K, z € Z, P(X; z) gives the extent of poverty associated with matrix X and
threshold vector z. In other words, though we have chosen a multidimensional perspective for
poverty measurement, the magnitude of overall poverty is indicated by a real number. This
numerical representation of overall multidimensional poverty meets the concern of Sen
(1981) who considered the monetary approach as having an edge over the direct approach
since it specifies the poverty degree by a numerical value.

Current research seems to concentrate on four main approaches when it comes to the actual
derivation of multidimensional poverty indices (e.g. Deutsch and Silber 2005, Kakwani and
Silber 2008, Maasoumi and Lugo 2008): 1) the fuzzy set approach, ii) the distance function
approach, iii) the information theory approach, and iv) the axiomatic approach. In our paper
we will utilise the axiomatic approach as being the most appropriate for the purpose of our
research. Thus, we will briefly introduce the four approaches before turning to a more detailed
discussion of the axiomatic approach in chapter 2.

1221  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

' Note that the only reason for this additional weighting scheme is to account for dimensional poverty. It does
not say anything about possible interactions between the attributes.

" However, what would be the best way to define p; should be tested in practice, that is by applying real data.
We will conduct a practice test in a second step following this paper.

"2 Note that when it comes to counting the number of the poor, we will obviously have to draw on the usually

utilised poverty indicator variable p(x;;z) introduced by Bourguignon and Chakravarty (2003).



cannot be made. As a consequence, these objects are considered to form a kind of fuzzy
subset.

Sure enough, this approach is relevant in the case of poverty measurement. We already
pointed out how challenging it is to precisely define notions like poverty and well-being.
Considering the case of poverty, 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 clear. This is especially the case if a multidimensional approach to
poverty measurement is chosen since there will be many individuals who will be poor for
some criteria and non-poor for others. The fuzzy set approach would attribute those
individuals different degrees of membership of the set of the poor'’.

Let xeX be any element of a set X and A€ Xbeing a fuzzy subset of X
A={x,1,(x)} Vx e X is characterised by a membership function 4,(x) - R €[0,1] denoting

the degree of membership of element x to the fuzzy set 4. 4,(x) takes the value zero if x does
not belong to 4 and unity if x completely belongs to 4. However, if 0 < 4,(x) <1, x belongs
partially to A, with its degree of membership given by 4, (x).

The use of fuzzy measures in the poverty context allows for an imprecise borderline between
the poor and the nonpoor which seems to be a promising way to capture the vagueness
inherent in poverty measurement. However, even this approach does not completely solve the
problem of arbitrariness: Now it is not the choice of poverty line or threshold levels which is
arbitrary but instead the choice of the precise boundaries of the imprecise borderline
(Qizilbash and Clark 2005). Yet, the very advantage of this approach is at the same time the
root of a disadvantage when it comes to its practical application. It is the very impreciseness
of the approach which renders poverty comparisons extremely difficult. This is the main
reason why this paper does not follow the fuzzy set approach.

1.2.2.2  The Distance Function approach

The concept of distance functions is widely used in efficiency analysis, 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 y € R can be proportionally increased given a fixed input vector x € 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

13 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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combinations which can be produced given input vector x. The distance function for a specific
output combination measures the distance between this combination and the PPF(x) as the
inverse of the factor by which the production could be increased for a given input vector x,
that is

D, (x,y) =min{@:(y/0) € P(x)}

where @1is a scalar measuring the distance to PPF (x)14.

Similarly, the input distance function D, (x,y) measures the extent to which an input vector

x € R can be proportionally contracted given a fixed output vectory e R” . Let L(y) be
defined as the input set of all input vectors x which can produce the output vector y. The
isoquant /Q(y) depicts the minimum among the input combinations which can produce a
certain output vector y. The distance function for a specific input combination measures the
distance between this combination and the /Q(y) as the inverse of the factor by which the
input quantities could be reduced for a given output vector y, that is

D, (x,)=max{p: (x/p) e L(»)}
where p is a scalar measuring the distance to /Q(y)"’.

This approach obviously shows methodological similarities to the analysis of well-being.
Both approaches try to summarize the information resulting from a multidimensional
phenomenon into just one single dimension. Thereby, the distance function approach does not
require any assumptions concerning prices or behaviour. This certainly is a valuable property
which would also be desirable in the context of poverty measurement. Based on these
considerations, Lovell et al. (1994) were the first to apply the distance function approach to
the analysis of well-being.

The input vector x is interpreted as a vector of resources and the output vector y as a vector of
functionings. A multidimensional index of well-being is derived by first utilising the input
distance functions to build several measures of resources which in a second step are
transformed into a scalar measure of functionings via an output distance function.

As a matter of fact, the distance function approach indirectly aggregates the various attributes
of an individual into a single cardinal index with individual i being poor whenever his/her
aggregate index falls below some chosen poverty line. However, this approach is severely
restrictive. In fact, the multidimensionality of poverty is reduced to a mere generalisation of

'* It may be proven (see Coelli et al. 1998) that D, (x,y)is non-decreasing, positively linearly homogenous and
concave in y and decreasing in x. Additionally, D

PPF(x).
" It may be proven (see Coelli et al. 1998) that D, (x, y) is non-decreasing, positively linearly homogenous and

(x,y) <1 if y belongs to P(x) and D, (x,y)=1 if y lies on

concave in x and decreasing in y. Additionally, D, (x,y) <1 if x belongs to L(y) and D, (x,y) =1 if x lies on
10().
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the income-based approach by utilising a broader concept of income. It is therefore
inapplicable to the idea underlying this paper.

1.2.2.3  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. Thus, “the basic measure of divergence between two distributions is the difference
between their entropies” (Maasoumi and Lugo 2008, p. 8).

Thus, it is of no surprise at all that the concept of entropy has been applied several times to
the analysis of multidimensional inequality, first by Maasoumi in 1986. In 1997 Miceli
happened to be the first to apply the approach to the analysis of multidimensional poverty.
The 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, a poverty index should diverge least
from the distributional information provided by the distribution of attributes (Maasoumi
1986). This is the same as requiring to minimise the respective entropies.

Let x;, € X be the endowment of individual i (i = 1,...,n) with attribute j (j = 1,...,k).

Following Maasoumi (1986), each vector of attributes (x,

-+ X; ) 18 aggregated into a single
scalar x;.. Individual i will be classified as poor whenever his/her scalar x;. falls below a pre-

specified poverty line. An aggregation function is utilised to derive the composite index
x, =(x,,....x,.). The special feature of this function is that it is chosen to minimise the

distance between the n vectors (x;,...,x;)and the composite index x.. Drawing on the
findings of Information Theory, the class of generalized divergence measures, which had been

extended by Maasoumi (1986) to fit to the multidimensional case, is utilised for this
minimisation problem:

/ m n
U+ a4 % [(x, /x,)" =11} when y #0,-1

D, (x.,X;a)= < Zilaj[z:zlx[c log(x,, /x;)] when 7 =0
KZZ; “f[z; x; log(x; /x;.)] when y — 1
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The minimisation of this class of proximity measures then leads to the desired composite

indices x;,
/ m 1/
[zj:lcfj (xi/.)”]’( ” when y #0,~1 (harmonic mean)
X;, o < [Hj;l (x,.j)gf ] when y — 0 (geometric mean)
[2;11 5 ; (xi/.)] when y — 1 (arithmetic mean)

m
where 5.=a./2 Ca..
J J j=1"J

What remains to be chosen are the weights J; v and the respective poverty line.

The idea behind this approach is very charming indeed. However, similar to the distance
function approach, the identification of the poor takes place after the respective endowments
have been aggregated. Again, this approach reduces the multidimensionality of poverty to a
mere generalisation of the income approach. Yet, in contrast to the distance function
approach, the information theory approach has the valuable advantage that it can easily be
utilised as an add-on in almost every poverty measurement approach'®. Once a certain class of
multidimensional poverty indices has been derived, it can be tested for their information
efficiency according to the information theory approach.

1.2.2.4  The Axiomatic Approach

In his famous 1976 article, Sen came up with a first list of axioms which reasonable poverty
indices should satisfy and which should be utilised to evaluate and construct poverty indices.
Until now, very few studies have attempted to axiomatically derive multidimensional poverty
measures. The first attempt was made by Chakravarty, Mukherjee and Ranade in 1998. To the
best of our knowledge there exist currently four main papers dealing with the axiomatic
approach to multidimensional poverty measurement: Chakravarty, Mukherjee and Ranade
(1998); Tsui (2002); Bourguignon and Chakravarty (2003); and Chakravarty and Silber
(2008). Each of these approaches defined various axioms and combined them in different
ways in order to derive different classes of multidimensional poverty measures. In the next
chapter we introduce and discuss the axioms defined in the four papers.

' 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 generalised poverty measures which are more sophisticated than, for
instance, the average functions of the axiomatic approach (Maasoumi and Lugo 2008).
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2 The Axiomatic Approach

In the following we provide an overview of the axioms defined in the four main papers
dealing with an axiomatic approach to multidimensional poverty measurement: Chakravarty,
Mukherjee and Ranade (1998); Tsui (2002); Bourguignon and Chakravarty (2003); and
Chakravarty and Silber (2008). Thereby, we differentiate between three groups of axioms: 1)
the group of core axioms which consists of independent and mainly uncontroversial axioms,
i1) the group of implied / non-restrictive axioms, and iii) the group of controversial axioms.

2.1  The group of core axioms

Core axioms are easily acceptable, independent axioms which are essentially generalizations
of the axioms proposed in the unidimensional case. So far, the following nine main core
axioms have been introduced for the multidimensional context.

Anonymity (AN): For any (X;z)eKxZ:P(X;z)=P(IlX;z), where Il is any
permutation matrix'® of appropriate order.

AN states that any characteristic of persons other than the attributes j are irrelevant for

measuring poverty.
Continuity (CN): For any z € Z, P is continuous on K.

CN requires P to vary continuously with x; and is essentially a technical requirement. It
precludes oversensitivity of the poverty index, i.e. abrupt changes in P for small changes in X.

Principle of Population (PP)™: For any (X;z)e KxZ;me N:** P(X™;z) = P(X;z) where
X" is the m-fold replication of X.

PP ensures that the poverty index depends on the distributions of the attributes j and their
shortfalls below z rather than on population size. Thus, by facilitating the transformation of
different-sized matrices into one size, PP makes cross population and cross time comparisons
of poverty possible.

Focus (SF)?': For any (X;Z)(Y;Z)e KxZ : if

1) for any 7 such that x; >z, y, = x, +J, where 6 >0,

17 Also known as “Symmetry” (e.g. Tsui 2002).

'8 A permutation matrix is a square (0,1)-matrix of any order that has exactly one entry 1 in each row and each
column and 0's elsewhere.

1 Also known as “Replication Invariance” (e.g. Tsui 2002, Zheng 1997).

2N being the set of positive integers.

*! Bourguignon and Chakravarty (2003) additionally differentiate between a strong and a weak version of the
focus axiom. The axiom we introduced as Focus would be the strong version. The definition of the weak version
is as follows: For any (X;Z);(Y;Z) € KxZ ifforsomeix, >z Vj andi) forany j,y, =x,+0, where 6 >0,

i)y, =x,Vt# j,and iii) y, = x, Vr #i and Vs, then P(Y; z) = P(X; z). In contrast to SF, WF says that the
poverty index is independent of the attribute levels of the non-poor persons only. WF follows directly from SF.
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i) Y, =x,Vt#i,and
1i1) Vv, =x, Vs # jand Vi,

then P(X;z)=P(Y;z).

SF demands that giving a person more of an attribute with respect to which this person is not
poor then the poverty index will not change even if this person is poor with respect to some
other attribute(s). In other words, SF demands independence from non-poor attributes.

Subgroup Decomposability (SD): For any X' X°,... X" € Kand z € Z:
P(X' X2, X"z =" Tip(Xsz)
='n

with #; being the population size of subgroup X', i = 1,...,m and ZZI n, =n.

SD allows the decomposition of a population into several subgroups according to ethnic,
spatial or other criteria so that overall poverty is the population share weighted average of the
respective subgroup poverty levels. SD is a valuable property for policy makers since it
enables the calculation of percentage contributions of different subgroups to overall poverty
and thus to identify those subgroups most afflicted by poverty. Note that any decomposable
poverty index also satisfies subgroup consistency.

Another decomposability postulate which deals with the decomposability of attributes is
Factor Decomposability.

Factor Decomposability (FD): For any (X, z) € K x Z:

k
P(X;z)= ijlajP(x,j 32;)
with a; > 0 being the weight attached to attribute j, j = 1,...,k and Zizla‘/ =1.
FD allows calculating the contribution of attribute combinations to overall poverty. In
connection with SD it allows for a two-way poverty breakdown, calculating the contribution
of different subgroup-attribute combinations to overall poverty. Those axioms allow for better
targeting of antipoverty policies. However, FD requires the poverty measure to be additive, a
rather severe restriction preventing the fulfilment of some desirable axioms as will be seen
later on.

In his well-known article from 1976 Sen requested poverty indices to be sensitive to
inequality among the poor, so that, whenever poverty among the poor decreases, poverty
indices should fall. Distribution-sensitive poverty measures provide a clearer picture of
poverty intensity and changes. In particular, they 1) distinguish between poverty eliminating,
alleviating and redistributing policies, and ii) channel assistance to the poorest first whereas
not distribution-sensitive measures tend to help the least poor first.

One well-known partial order ranking distributions of attributes by their degrees of inequality
is the so called Pigou-Dalton transfer.
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Pigou-Dalton transfers: Matrix X is said to be obtained from matrix Y by a Pigou-Dalton
progressive transfer of attribute j from one poor person to another if for some persons i, m:

i) Yy <Yy <Z}5
1) Xy = Vg =Yy — X5 > 0, Xy 2 X,
iii) X, =y, Vr#i,m

1v) X, =Y,vs# jand Vr.

Yoo Vi o Vi Xy =Yy e X, =Wy e Xy = Vi
M M M M M M
Vi e 22 Y52 Ve e Vi vanser Xa =V e X =)y -0 Xy o Xy = Vi
M M M| —Z ) M M

Vi o Yy <Yy <Z e Y Xpg =V e Xy =V, HOSX, X, =y,
M M M M

Y e Yoy o Yk X =V o Xy = Vo o X = Ve

One says that matrix X is obtained from matrix Y by a Pigou-Dalton progressive transfer of
attribute j from one poor person to another if X and Y are exactly the same except that the —
with respect to attribute j — richer poor i has @ units less of attribute j in X than in Y whereas
the poorer poor m has € units more. It is quite reasonable to argue that under such a
progressive transfer poverty should not increase.

A generalization of this principle leads to the following axiom.

Transfers Principle (TP): For any z € Z, and X, Y of the same dimension, if X’ = BY” and B
is not a permutation matrix, then P(X; z) < P(Y; z), where X*(Y") is the attribute matrix of the

poor corresponding to X(Y) and B = (b;) is some bistochastic matrix (b; =
0; szy = z/ b,; =1) of appropriate order.

TP requires that a transformation of the attribute matrix ¥* of the poor in Y into the

corresponding matrix X* by an equalising operation does not increase poverty.

However, as Tsui (2002) points out, this axiom says nothing about the implications of a
correlation increasing switch®.

Correlation increasing switch: Matrix X is said to be obtained from matrix ¥ by a
correlation increasing switch of attribute j from one poor person to another if for some

persons i, m:

1) Yo < Vi <Zps Yy = Vig < Z;5
11) xmh :ymh"xih :yih; xmj :y[j7x(/ :ymj
111) X, =y, Vr#i,m

1v) x, =y, Vs#h,j and Vr.

22 Please note that this is the expression which Bourguignon and Chakravarty (2003) utilise. Tsui (2002) himself
calls this kind of specific transfer a ‘basic arrangement-increasing transfer’ (Tsui 2002).
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That is, under a correlation increasing switch individuals having a higher amount of one
attribute get a higher amount of (an)other attribute(s) through a rank reversing transfer. Tsui
(2002) argues that such a transfer should not decrease poverty.

However, as for instance Bourguignon and Chakravarty (2003) criticise, this presupposes that
attributes are substitutes™. But some attributes might as well be complements. For instance, as
Ravallion (1996) points out, low income may be both, cause and result of poor health and
schooling. Also, there seems to be a certain degree of complementarity between the
dimensions education and nutrition. Poor nutrition, especially in the years of early childhood,
may lead to persistent health effects which lower educational performance. Thus, one could
think of a situation where it might be possible to actually reduce poverty if better access to
education is granted to those children who do not suffer from undernutrition. In this case a
correlation increasing switch would lead to a decrease in aggregate poverty.

Therefore, Bourguignon and Chakravarty (2003) amend Tsui’s axiom called Poverty-
Nondecreasing Rearrangement (Tsui 2002) by limiting it to substitute attributes only,
denoting it as Nondecreasingness under Correlation Increasing Switch.

Nondecreasingness under Correlation Increasing Switch (NDC): For any (X; z) € K x Z,
if ¥ € K is obtained from X by a correlation increasing switch of two substitute attributes
between two poor individuals, then P(X; z) < P(Y; z).

Additionally, they introduce the following corresponding axiom for complement attributes.

Nonincreasingness under Correlation Increasing Switch (NIC): For any (X; z) € K x Z, if
Y € K is obtained from X by a correlation increasing switch of two complement attributes
between two poor individuals, then P(X; z) > P(Y; z).

Though poverty measures should account for joint interaction among attributes, this is a
challenging requirement. Especially since the relationship between attributes may change
with the respective time horizon, being substitutes in the short-run and complements in the
long-run (Thorbecke 2008). These changing and highly complex interrelations between
attributes limit the practical applicability of these axioms.

3 Substitutability means that a person can trade-off attributes for one another (e.g. less clothing for better
nutrition) while still remaining on the same iso-utility curve. Complementarity means this trade-off does not
exist: an increase in one attribute raises the marginal utility of another attribute.
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2.2  The group of implied / non-restrictive axioms

The following group of axioms comprises all the reasonable axioms that are either direct
implications of the core axioms introduced in the proceeding subchapter or are not restrictive
at all. Altogether, we differentiate five axioms in this group of implied and/or non-restrictive

axioms.

Monotonicity (MN): For any (X;Z2);(Y;Z)e K x Z if:
1) for any LY; =X, + 0, where x; < zj,ﬁ >0,
i) Y, =x;Vt#i,and
1i1) v, =x, Vs # jand Vi,

then P(Y;z) < P(X;z2).

MN requires that the poverty index does not increase if — ceteris paribus — the condition of
person i who is poor with respect to attribute j improves. It’s most important implication is the
fact that it rules out every measure which is based on a simple counting of the poor — like the
headcount ratio. MN follows directly from TP and CN.

Nondecreasingness in Subsistence Levels (NS)**: For any X € M, P(X; z) is non-decreasing
in Zj V]

NS requires that, everything else equal, the community with higher threshold levels should
not have a lower poverty. NS follows directly from TP and MN.

Non-Poverty Growth (NG): For any (X;z) € K xZ, if Y is obtained from X by adding a rich
person to the population, then P(Y;z) < P(X;z).

NG requires the poverty index to be nonincreasing in the population size of the non-poor. It
follows directly from MN, FC and PP.

Normalization (NM): For any (X;z)eKxZ: i) P(X;z)=1 if x, =0Vi,j and ii)
P(X;z)=0 if x, >z, Vi, j. Thus, P(X;z) €[0,1]

NM is a cardinality property of a poverty index which simply requires the measure to be equal
to zero in case all individuals are non-poor (i.e. where there is zero poverty). Thus, the
resulting index can assume any non-negative value. Quite often the index is additionally
required to assume a value of one in case all individuals are poor, that is an index range
between zero and one. Obviously, this property does not impose very much restriction on the
poverty index.

?* This is a multidimensional extension of the Increasing Poverty Line axiom (Zheng 1997) — though in a
softened form.
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Subgroup Consistency (SC): For any n and & such that X; and Y; are nxk matrices and X,
and Y, are m x k matrices, with® X":= [X;”, X;] and Y":= [Y,",Y>"], P(X; z) > P(Y; z) whenever
P(X;;z)> P(Y;;z) and P(X>; z) = P(Y>; 2).

SC demands the poverty index not to increase if the degree of poverty of a population
subgroup decreases. SC follows directly from SD.

2.3  The group of controversial axioms

This last group of axioms comprises three axioms which are well-known but cannot be easily
justified and are thus discussed controversially.

Poverty Criteria Invariance (Pl): Let zZzZbe such that =z, #Z,; then
P(X,z)<P(Y,z)< P(X,Z)< P(Y,Z) whenever X(z)=X(2)and Y(z)=Y(2).

Suppose the vector of poverty thresholds is adjusted from z to Zz. If the new poverty
thresholds identify the same group of people as poor, then the ordinal ranking of X and Y
should remain unchanged. In other words, a change in the thresholds which does not alter the
number of the poor should not lead to a significant change in the evaluation of poverty.
However, as Tsui (2002) points out, PI precludes possible changes in shortfalls, i.e. from z —
x; to Z — x;; which may very well reverse ordinal rankings if differential ethical weights are
assigned to shortfalls of attributes.

Translation-Scale Invariance (T1): For any (X; z2)eK x Z: P(X; z) = P(X+ I'; z + ), where "

is any matrix with identical rows #: = (z;,...,%).

TI requests that adding a constant to the income of each person as well as to the respective
thresholds does not change the degree of poverty. Like in the unidimensional case TI is the
characterisation of an absolute poverty measure.

Scale Invariance (S®: For any (X;z)eKxZ: P(X;z)=P(X;z') where
X'=AX;z'= Az with A being the diagonal matrix diag(4,,...,4, ), 4, > 0Vi.

Different attributes may have different scales of measurement. SI ensures that the poverty
index is invariant under scale transformation of attributes and thresholds, that is the poverty
index does not change when the matrix X and the vector z are multiplied by the same diagonal
matrix A. In other words, only the relative distance of all attributes from their respective
poverty thresholds matters for poverty measurement. Which is why poverty measures
satisfying SI form the group of the relative poverty measures. Note that for SI to make sense
the values of attributes are required to be positive, a fact we accounted for in defining
x, € R..

2 X" is the transpose of matrix X.
%% Tsui (2002) calls this axiom Ratio-Scale Invariance (RS).
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Neither Scale nor Translation-Scale Invariance can be denoted as core axioms, since both
requirements only function as characterisations of certain classes of poverty indices.
Furthermore, Zheng (1994) shows that there exists no distributions-sensitive poverty measure
that can be both relative and absolute.

Having introduced the main axioms usually discussed in multidimensional poverty
measurement, we now turn to the five most well-known classes of multidimensional poverty
indices which have been derived so far.

3 Some Classes of Multidimensional Poverty Measures

Based on the work of Chakravarty, Mukherjee and Ranade (1998); Tsui (2002); Bourguignon
and Chakravarty (2003); and Chakravarty and Silber (2008), we differentiate five main
classes of multidimensional poverty measures. They have all been derived from different
selections of the axioms introduced in the second chapter. Of course, there is no such thing as
a ‘best’ class of poverty measures. Rather, the choice of any measure will always depend on
the respective research question. Yet, we will also see that one out of the five classes of
poverty measures considered in this paper seems to be inferior when compared to the other
classes.

In the following we will introduce the different classes and discuss their main advantages and
disadvantages. Also, we will extend each class of indices according to our weighting scheme.
At the end of the chapter we will provide an overview of the axioms the different classes
satisfy.

In 1998 Chakravarty, Mukherjee and Ranade showed that the only poverty measure satisfying

n X,

CN, FC, SD, FD, SI, MN, TR and NM is of the form P(X;z) = 4 > IZ’; a, f{i) where
i= j=1 . z.
J

f [0,00] — R' is continuous, non-increasing, convex, f{0)=1and f(¢) = ¢Vt > 1, where c < 1

. k
is a constant, a; > 0 and E 4, =1 are constants.
=1,

Three out of the five classes of poverty measures we focus on in this paper are of this special
form, i.e. 1) the multidimensional Foster-Greer-Thorbecke class of indices, ii) the
multidimensional Watts class of indices, and iii) the first multidimensional Chakravarty class
of indices.

i) The Multidimensional Foster-Greer-Thorbecke (FGT) class of indices:

This class of indices is a multidimensional extension of the Foster-Greer-Thorbecke
index from 1984.
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1< )
PFGT(X;Z):;ZZaj[ _Z_UJ

Jj=1 I'ES/- J
. k
with a; > 0; zjzlaj =1;6>1
The introduction of our weighting scheme leads to the following extension:
o,
* 1 4 xlj
Prr(X;2) = _Zza,‘ﬂi -
1 jat s, z;
. k
with a; > 0; a4 = 1; u, €[0,1]; 6>1

The parameter 6; reflects different perceptions of poverty, it can be interpreted as an
indicator for poverty aversion. For a given X, P\"). decreases as 6; increases, that is a

smaller 60, gives greater emphasis to the poorest among the poor within one dimension.
This class of poverty indices does not satisfy the axioms NDC and NIC; a direct result
of the strong restriction of additivity implied by FD.

The first multidimensional Chakravarty class of indices (Cy):

This class of indices is a direct multidimensional extension of the Chakravarty index
from 1983.

k X.. “
PCI(X;Z)=lZaJZ 1—(i]
ool es, i

with a; > 0; Zizl a;=1;¢; e (0,1)

The introduction of our weighting scheme leads to the following extension:

. 1< X, “
PCI(X;Z):;Z"_/ZM 1_(2_1]

j=1 ieS; Jj
with a; > 0; Z; a,=1; ¢, eO); p €[0,]]

As in the case of the FGT class of indices, the parameter ¢; can be interpreted as an
indicator for poverty aversion. Note that in this case for a given X ,Pc(l*) increases as ¢;

increases, meaning that a larger c¢; gives greater emphasis to the poorest among the
poor in dimension ;.

This class of indices satisfies exactly the same axioms as the FGT class of indices.

iii) Multidimensional Watts (W) class of indices:

This class of indices is a direct multidimensional extension of the Watts index from
1968.
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1 k z.
PW(X;Z):—ZZajlog[;C—"]
i

N =
. A . k
with xij = mm{zj,xl.j}; a;> O,ijlaj =1

With the introduction of our weighting scheme leading to the following extension:
. 1 n k Z/.
B, (X;z)= ;zz,uiaj log| -+

i=1 j=l X

. A . k
with xij —mm{zj,xl.j}, a;>0; e =1; u, €[0,1]

This class of indices satisfies the same axioms as the former classes of indices.
However, it additionally satisfies Poverty Criteria Invariance (PI). Chakravarty,
Deutsch and Silber (2008) show that a great advantage of this class of indices is that it
can be decomposed in five’ elements which enable the identification of the causal
factors of poverty: 1) the Watts poverty gap ratio; ii) the Bourguignon-Theil index of
inequality among the poor; iii) the overall headcount ratio; iv) the weights of the
various dimensions; v) a measure of correlation between the various dimensions; and
(vi) a measure for the intensity of dimensional poverty). The decomposability is a
valuable property for the implementation of poverty reduction strategies. A
disadvantage of this class of poverty measures is that it has no dimension-specific
indicator of poverty perception like the multidimensional FGT class (¢;) and the first
multidimensional Chakravarty class of indices (c;).

The last two classes of multidimensional poverty measures we consider diverge from the

basic form we introduced in the beginning of this chapter. In particular, both classes reject the

additivity needed for the indices to satisfy FD as being to severe a restriction. In utilising

more sophisticated aggregation functions, they are able to achieve sensitivity towards

correlation increasing switches. The two classes we will focus on are i) the second

multidimensional Chakravarty class of indices, and ii) the multidimensional Bourguignon-

Chakravarty class of indices.

i) Second multidimensional Chakravarty class of indices (C,):

This class of indices is another direct multidimensional extension of the Chakravarty
index from 1983, introduced by Tsui (2002).

P (XiD) =13 f[(f’}/—l

=l | j=1 \ Xy

with xij = mln{z].,xl.j}; r; €[0,1]

*7 Six if our additional weight z is included.
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And again the introduction of our weighting scheme leading to the following
extension:

. 1< k Z/. i
(X ==> ul T 2| -
SRR )y EA
i=1

7=\ X

with xij = mln{z].,xl.j}; r, €[0,1]; 4 €[0,1]

This class of indices is rather restrictive since it satisfies NDC but not NIC, therefore
implicitly assuming attributes to be substitutes. This is a quite severe limitation
indeed, since if the effort is made to generate a more sophisticated class of poverty
indices that accounts for possible interactions between attributes, it should not limit
itself by assuming merely one interaction. In this sense, this class of indices seems to
be indeed inferior to the following class of indices proposed by Bourguignon and
Chakravarty (2003).

i) Multidimensional Bourguignon-Chakravarty (BC) class of indices:

~ (24
Z;

ith % i ¢ 1 15~
wit xl.j —mln{zj,xl.j}, a;>0; Zj:laj =1;a>] <a

R

1< k
PBC(X;Z):—Z a,
1

| =

The introduction of our weighting scheme leads to the following extension of this
class of poverty indices:

R

. 1 n k )%i' “
Pk =13 z( —]
o | A Zj
ith & i 0; 3" 1 0,1 Lo~
— . L > . = . ) . .
wit xij mln{zj,xy.},a] 5 2 ; 14, €[01]; a>1; ga

This class of indices is the only one out of the five classes satisfying NDC as well as
NIC — depending on the choice of parameters. Attributes may be substitutes (6 > a) or
complements (6 < a). As Chakravarty and Silber (2008) point out this class of indices
is less simple than Tsui’s multidimensional extension because the constant elasticity is
defined between shortfalls instead of attributes and does not necessarily equal one.
Obviously this family of indices does not satisfy FD.

The following table provides an overview of the main axioms and classes of indices identified
by Chakravarty, Mukherjee and Ranade (1998); Tsui (2002); Bourguignon and Chakravarty
(2003); and Chakravarty and Silber (2008) in the multidimensional setting.

23



Axioms [ror {Fer| ¢ [ | w [ w ] e |c |Be|Be
Anonymity (AN) v v v v v v v v v v
Continuity (CN) v v v v v v v v v v
Principle of Population (PP) v v v v v v v v v v
Focus (FC) v v v v v v v v v v
Subgroup Decomposability (SD) v x v x v x v X v X
Factor Decomposability (FD) v v v v v v v v X X
Transfer Principle (TP) v v v v v v v v | v®| v
Nondecreasingness under Correlation increasing switch (NDC) | % x x X x x v v v v
Nonincreasingness under Correlation increasing switch (NIC) x x x x X x x x v v
Monotonicity (MN) v v v v v v v v v v
Non-Decreasingness in Subsistence Levels (NS) v v v v v v v v v v
Non-Poverty Growth (NG) v v v v v v v v v v
Normalization (NM) v v v 4 v v e v v v
Subgroup Consistency (SC) v v v v v v v v v v
Scale Invariance (SI) v v v v v v v v v v
Poverty Criteria Invariance (PI) X X X x v v v v x x
Translation Scale Invariance (TI) x | x X x X X X X X X

As has been pointed out before there does not exist such thing as a best class of poverty
indices. Rather, the choice of a specific class of measures has to always depend on the
respective research question. When surveying the table above it can be seen that the classes of
indices differ in merely four axioms: Factor Decomposability (FD), Nondecreasingness under
Correlation increasing switch (NDC), Nonincreasingness under Correlation increasing switch
(NIC), and Poverty Criteria Invariance (PI). Thereby it is of special importance to keep in
mind that a trade-off exists between FD and NDC/NIC rendering it impossible for classes of
poverty indices to fulfil both axioms at the same time.

Thus, if the research question is concerned with the different possible interactions of
attributes, it should be ensured that the class of poverty indices utilised satisfies NDC/NIC. In
this case, the multidimensional Bourguignon-Chakravarty class of indices would be suitable.
However, if the research objective is a practical application, and especially if it is based on a
broader definition of poverty, the utilisation of this class of poverty indices is not advisable.
To ascertain the degree of substitutability or complementarity between attributes on a pair-
wise basis is difficult enough, to do it for combinations of # attributes taken up to » at a time
seems to be at least for current state of the art more or less utopian. This is the reason why
multidimensional poverty measurement usually deals with merely two (and at most four)
attributes in empirical applications while showing that in theory their methods can be
extended to deal with » dimensions (Thorbecke 2008). Hence, for this kind of research one of
the first three classes of poverty indices would seem to be more appropriate.

As far as the five classes of poverty indices considered in this paper are concerned, our
extension should have no influence on the actual choice of poverty measures since it’s effect

2 TP is satisfied whenever & is greater than unity.
% In case that all individuals are non-poor the index is zero. However, the index is not defined if all individuals
are poor.
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on all of them is the same: it leads to a partial violation of the Subgroup Decomposability
axiom. More precisely, SD is only satisfied for the group of extreme dimensional poor, i.e.
those individuals who fail to reach the threshold level in every single dimension. Though the
violation of SD is of course a disadvantage of our extension, it’s consequence is softened a bit
by the fact that it is still fulfilled for the group of the extreme dimensional poor. SD can still
be utilised to identify the contribution of different subgroups to extreme dimensional poverty
and hence to construct a poverty profile accordingly.

4 Conclusion

In our paper we deal with the issue of how to account for poverty intensity. In the
unidimensional setting, distribution sensitive poverty measures are utilised to account for the
differences in the respective distances to the threshold level.

In our paper we claim that in a multidimensional setting there exists another aspect of poverty
intensity which we call dimensional poverty — the number of dimensions in which individuals
fail to reach the threshold levels. This second aspect has been ignored so far, yet without any
luminous explanation.

It is well conceivable that an increase in one poverty dimension in which an individual is
deprived should cause a larger increase in the poverty measure if the recipient is also deprived
in other poverty dimensions. Thus, in our paper we differentiate between different degrees of
dimensional poverty by introducing an additional, individual weight.

In particular, we extend five classes of well-known multidimensional poverty measures by
our additional weight. We find that our extension has no other effect on the axiomatic basis of
each class of poverty indices considered than a partial violation of the Subgroup
Decomposability axiom. Of course, our extension has to be applied to real data in order to
ensure that it leads to meaningful results in practice and the author will do so in a second step
following this paper.

With regard to future research it is an important fact to note that our extension does not
contribute to the discussion about possible interactions between attributes. The issue of how
to account for the fact that attributes might be substitutes or complements and that their
interaction might change with the time frame chosen is far from being solved. This surely is
an important issue for future research.
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