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Abstract The Human Poverty Index (HPI) is a composite index of
poverty that focuses on deprivations in human lives, aimed at measuring
poverty as a failure in capabilities in multiple dimensions, in contrast to
the conventional headcount measure focused on low incomes. The HPI
was introduced in the United Nations Development Programme Human
Development Report 1997 and concentrates on deprivations in basic
dimensions of life. This paper develops an axiomatic characterization of a
family of global deprivation indices using an arbitrary number of
dimensions of human life. When we consider only the three basic
dimensions, a member of this family becomes ordinally equivalent to HPL
The general index allows the calculation of percentage contributions of
deprivations in different dimensions, and hence to identify the dimensions
whose failures affect the owverall deprivation more. This is important
from a policy perspective. We also provide an empirical illustration of
the characterized indices using cross-country data for the three basic
dimensions and the anthropometric indicators birth weight, height for age
and nourishment.
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Introduction

Poverty has been in existence for many yvears and continues to exist in a
large number of countries. Poverty alleviation therefore remains an
important policy issue. Poverty of a population, which is a manifestation of
insufficient well-being, has often been measured in terms of income (see
Kolm, 1969; Atkinson, 1970; Sen, 1973, 1976, 1997; Kakwani, 1980;
Shorrocks, 1983; Chakravarty, 1990, 1997). While it is true that with higher
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income a person may be able to improve his/her position in some non-
monetary attributes of well-being, it may be the case that markets ftor
certain non-monetary atributes do not exist. One example is a public
good like a flood control programme in an underdeveloped country.
Income as the sole attribute of well-being is therefore inappropriate and
should be supplemented by other attributes; for example, housing,
literacy, life expectancy at birth, nutritional status, provision of public
goods, and so on. The basic needs approach advocated by development
economists regards development as an improvement in an array of human
needs, not just as a growth of income (Streeten, 1981). Thus, the
construction of a composite index of well-being is deemed to be a
worthwhile exercise (Kolm, 1977; Atinson and Bourguignon, 1982; Tsui,
1995, 1999, 2002; Ravallion, 1996; Chakravarty et al., 1998; Bourguignon
and Chakravarty, 1999, 2003; Atkinson, 2003; Weymark, 2003).

Sen (1985, 1987, 1997) defined standard of living in terms of: (i)
tunctioning, which indicates attainments of different ateributes; and (ii)
capability, which is the ability to achieve. The capability approach
emphasizes what a person can do and not what he/she can purchase as
the ultimate metric of well-being. An example of an achievement index is
the Human Development Index (HDI) suggested by the United Nations
Development Programme (UNDP, 1990-2005). It is a composite index that
measures average achievements in three basic dimensions of human
development, aggregating country level functioning attainments of three
attributes: a decent living standard measured by gross domestic product
per capita (purchasing power parity in US dollars), a long and healthy lite
measured by lite expectancy at birth, and knowledge measured by the
educational atminment rate (adult literacy rate and combined primary,
secondary and tertiary gross enrolment rates).

The HDI has its shortcomings, but its widespread use indicates that it
has greater advantages. More than a decade after its introduction, the HDI
has established itself as a prominent development index. By focusing on
basic capabilities it has shown applicability to both developing and
developed countries, although the selection of three attributes is quite
restrictive, especially when people value other types of capabilities, e.g.
human rights (Anand and Sen, 1993). It cannot reflect the inequality and
deprivational aspect of development. Different countries may amach a
different value to indicators so that assigning the same weight to the three
functionings generates differences in respect of how societies view
development (Srinivasan, 1994). It fails to provide information on how
development is distributed among the population (Foster et al., 2005).
Simple averaging, which is one of the many aggregation rules (Kelley,
1991), implies perfect substitutability between any two of the three
attributes of development. But “people do not just want to be alive. They
want to be knowledgeable; and they cermtainly may want a decent life, one
that is not considerably undermined by extreme poverty and constant
worry about sheer physical survival” (UNDP, 1991, p.88). Pertect
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substitutability between attributes does not reflect this view. Chakravarty
(2003) suggested a generalization of the HDI using an arbitrary number of
components of well-being, where the marginal rate of substitution
between any two attributes diminishes along an indifference curve as
the first attribute rises and the second falls. This is a natural assumption,
given the nature of attributes.

While the HDI measures average achievement, in 1997 the UNDP
proposed a composite index, the Human Poverty Index (HPI), for
measuring deprivations in the three basic dimensions of human develop-
ment captured in the HDI (see the fourth section for an analytical form
and discussion). The HPI aims to measure poverty as a filure in
capabilities in multiple dimensions, in contrast to the conventional
headcount measure focused on low incomes.

By tocusing attention on the most deprived people in a country, the
HPI highlights the presence of poverty in a country rather than the average
national achievement. Since the HPI formalizes poverty in terms of
functioning failures in a mult-attribute framework, it explicitly shows that
even among the richest industrialized countries there is human poverty
(UNDP, 2001). This demonstrates that poverty is not only a ‘southern’
phenomenon or one pertaining only to developing countries. Further-
more, a high HDI value does not automatically imply low levels of human
poverty (UNDP, 1999). Therefore, monitoring human poverty is important
for assessment, policy tormulation and making lives of millions better.

Now, human poverty should also include important components
other than the three UNDP components. For instance, tuberculosis
incidence, and prevalence of anaemia among women and preschool
children can be significant dimensions of human poverty. Another
crucial dimension can be malnutrition. In spite of the debate on
the importance of low income as a cause of undemutriton (Lipton
and Ravallion, 1995), because poverty and malnutrition often go hand
in hand, it is natural to measure poverty by the extent of a
population’s failure to achieve desirable nutritional status (Osmani,
1992). Malnutrition is an important cause of low birth weight, brain
damage and other brain defects, contributing to physical and cognitive
retardation, an increase in infection and death, as well as other health
problems in infants and children.

One approach to studying malnutrition is to assess its status based
on anthropometric indicators. Malnutrition can be viewed as the output
of an ill-health production function, whose inputs are grades of nutritional
deficdiency based on anthropometric indicators. For example, three of the
most common indicators for infants and children are weight-for-height,
height-for-age and weight-tor-age. Grades of malnutrition based on these
indicators are constructed by comparing indicators with reference data
for healthy population (see World Health Organisation [WHO], 1995;
Alderman, 2000). Another anthropometric indicator that can be used is
the body mass index (BMI) for adult population. The BMI, a measure of
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obesity or emaciation, is defined as the weight in kilograms divided by the
square of height in meters (WHOQO, 1995).

In this paper we axiomatically characterize a family of overall social
deprivation indices using an arbitrary number of attributes. In fact, we first
characterize social deprivation in terms of each attribute. Then we
aggregate the social deprivations of different attributes to arrive at a
family of indices of the overall deprivation.” Thus, this approach deviates
from the ad boc approach to the design of the HPL. In the particular case
when we consider the UNDP functionings only, the HPI becomes ordinally
equivalent to a member of the family of the characterized indices. Hence,
the family of suggested indices is a generalized HP1.2

An attractive feature of our index is that it satsfies a factor
decomposability condition, which means that for any partitioning of the
attributes into two or more subgroups, the overall index is a weighted
average of subgroup indices. For instance, suppose that the set of
tunctioning includes the UNDP attributes and anthropometric nutritional
indicators (the selection of ‘nutrition’ as a development issue in
supplementing the current HPI is illustrative and one can, in fact, select
any other issue(s) and/or indicators in such applications). Then aggregate
human poverty is simply the average of human poverty levels calculated
using the sets of UNDP attributes and anthropometric indicators. Using
this we can calculate the percentage contributions made by different
attributes to  overall deprivations. Evidendy the high contributing
attributes require attention from a policy perspective for reducing their
contributions to obtain a lower position in the human poverty profile. This
shows an important policy application of our index in diverse situations
and its usefulness as a planning tool for identifving sources of
concentrated poverty within a country. It helps policy formulators to
judge why their country has more human poverty than another, to
undertake policies to overcome relevant deficiencies and to redefine the
priorities of the country. However, an assessment of overall poverty
becomes contingent on the implicit valuation of the index. Since the
non-welfarist approach to policy analysis is becoming quite popular (Sen,
1985), and in many simations policy is evaluated using specific forms of
indices, it seems worthwhile to see what type of policy would be implied
by the use of a specific HPL

The next section characterizes an index of deprivation for an
individual attribute, while the third section suggests the generalized HPIL.
In the fourth section we provide the empirical illustration using cross-
country data for basic dimensions of lite considered by the UNDP as well as
several anthropometric indicators, while the final section presents our
conclusions.

Characterization of individual deprivation indices

Suppose there are k attributes of well-being, each representing a
dimension of human life. These can be a decent living standard,
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knowledge, healthy life, housing, provision of public goods and adequate
nutrition.

Let x,=0 be the extent of failure associated with attribute . Failure
may be based on an inadequate level of the attribute or on the deviation of
its range from the normal range. For instance, failure in the functioning
‘knowledge’ in a developing country can be measured by the fraction of
illiterate adults. Failure in having a balanced nutritional status, which is
manifested through the anthropometric indicator BMI being ditferent
from the normal range, can be measured using the fraction of adults over
20 whose BMI=30 or BMI<18.5° (WHO, 1995). As in these two
examples, we assume that for any 7, x, is independent of the unit of
measurement. Therefore, x; = [0),1], the set of non-negative real numbers
lying between zero and one.

A deprivation index for attribute ¢ is a real valued function
d: [0.1] —:RL, which associates a value d(x,) to each x; = [0, 1], where
R[‘_ is the non-negative part of the real line. More precisely, d(x,)
determines the extent of deprivation corresponding to x,. We assume that
d is twice differentiable, a technical assumption that makes the analysis
simple. Further, it implies continuity of &, which ensures that & will not be
oversensitive to minor observational errors on failure of attribute . We
assume the same functional form of & for all attributes for computational
simplicity, although one can choose ditferent functional forms for different
attributes.

We now propose the following axioms for an arbitrary index 4.

Normalization (NM): &(x)=0 if x,=0.

Monotonicity (MN): An increase in x, increases «; that is, for
any x; € [0.1], dix+c) = d(x;), where c = 0 is
arbitrary and x;+c= [0, 1].

Higher Deprivation at Higher Failure Difference (HD): For any
e f0.1] and any 6 =0, the magnitude of
deprivation increase d(x+d) —d(x,) is an
increasing function of x, where x,+d< [0,1].

Normalization indicates that if the level of failure for an attribute
is zero, then it deprivation is zero. Monotonicity demands that an increase
in the extent of failure of an atribute makes people more deprived in that
attribute. Normalization and monotonicity jointly imply that the depriva-
tion index is bounded from below by zero, the bound being attained in
case of zero failure. According to HD an increase in the extent of failure of
the attribute represents a greater increase in deprivation at higher levels
than an identical increase at lower levels. For instance, in a developing
country, an increase in the fraction of population without access to safe
water from 0.6 to (.7 shows a higher degree of deprivation increase than
an increase in the fraction from 0.1 to 0.2.

HD parallels Sen's (1976) ‘Ranked Relative Deprivation’ axiom.
Sen argued that in income poverty measurement, the poverty line can
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be taken as the reference point for all the poor persons. Therefore, the
poverty gap of a poor person, his/her income shortfall from the poverty
line, can be taken as his’her extent of deprivation. To make deprivation
more sensitive to the poorer poor, Sen used a weighted form of the
poverty gap as a measure of deprivation, where the weight is the rank
order in the income distribution of the poor persons. This ensures that an
increase in deprivation of a poor person due to a reduction in his’her
income will be higher, the lower the income. Conversely, for an increase
in deprivation of a poor person resulting from a decrease in his/her
income to be higher — a necessary condition is to attach higher weight to
a higher poverty gap (see also Chakravarty and D’Ambrosio, 2003).

Note that all the three axioms have to be imposed simultaneously for
deriving our index, because they are different and none implies or is
implied by a second one. In fact, this is demonstrated more rigorously in
theorem 2. The index is derived in theorem 1.

We now show the relevance of these axioms in the context of the HPIL.
Consider the functional form of the HPI for & arbitrary attributes:

1
s 3
1
HPI=100 E;xj‘ ya>1 (1)
As x, values are unit-free, averaging of x*, i=1, ..., k, is well-defined in
equation (1). Since for HPI failures are expressed as percentages, the
tormula is written in the above form.
Now consider an arbitrary component of the HPI:

x; (2)

It satisfies NM, MN and HD. Therefore, the function d.(x;) =x}, 2 = 1, can
be regarded as a deprivation index for atribute {. The parameter x is the
deprivational aversion parameter because an increase in the value of z
decreases d ,(x;) for a given x,.

The following theorem identifies the entire class of deprivation
indices satistving NM, MN and HD.

Theorem 1: Suppose that the deprivation index d : I_ID__l]—:R:_ is twice
differentiable. Then it satisfies NM, MN and HD if and only if & is
increasing in its argument, strictly convex and &) =0. (For proof see the
Appendix).

The index identified in theorem 1 will be called regular. Given any
regular o, we have a particular deprivation index. These indices will differ
depending on specification of 4. An alternative to &, is:

d,(x) =™ 1 (3)

where the parameter » >0 determines the curvature of the deprivation
curve. The restriction r > () ensures that &, is regular. As r increases, higher
weight is attached to higher failures.
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We conclude this section by demonstrating that the axioms NM, MN
and HD are independent. Independence means that if we drop any one of
them, an index satistying the two remaining axioms will be difterent from
that characterized in theorem 1. We state this more formally in theorem 2
(for proof see the Appendix).

Theorem 2: Axioms NM, MN, and HD are independent.

The generalized Human Poverty Index

The index & summarizes deprivation for one awribute. The owverall
deprivation, which is a generalization of the HPI, has to be constructed
involving all the atributes.

Assume that the overall deprivation index 7 is a real valued function
of the single-dimensional indices. Such assumptions are made in welfare
economics, where social utility is regarded as a function of individual
utility levels. In the human development literature an achievement index
(e.g. the HDI) is assumed to depend on individual attainment indicators
(Chakravarty, 2003).

Now, denote d(x;) by a,, where i=1, ..., k. We write a=(a, da ..., dg).
Then the relationship can be formally stated as:

There exists a function 7: R* -R') such that for all (x;, x5,
...xp), the deprivation index G(x,, x>, ...x) can be written as I{aq, d-
., dg). Since this assumption ignores all features other than
individual deprivations, we call this independence of irrelevant
information.

Under this assumption we state certain postulates for an arbitrary
index I

Normalization (NOM): Foranvz=0 [z, =z, ..
Additivity (ADD): For any a, beR"

I{a; +b|, rlz-l—bz, sy ﬂ,@-l-f?,@}
=I(ay, @ ..., ag)+1{B1, by, ..., By)

)=z

(4)

Symmetry (SYM): Forall @a= R%, I{a)=I{aP), where P is any k x k
permutation matrix.*

According to NOM, if the deprivation levels for difterent attributes are
the same, then the global deprivation index takes on this common value.
Thus, the social deprivation is an average of individual deprivations.
Furthermore, when there is only one atribute, the individual and global
deprivations are the same. ADD can be interpreted as follows. Suppose
that attribute ¢ has two components. For instance, if atwibute 7 is
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knowledge, then its two components can be the adult literacy rate, and
combined primary, secondary and tertiary enrolment ratios. Let a, (b)) be
the deprivation level of attribute ¢ based on the first (second) component.
If it is not possible to split atribute ¢, we can attach zero value to by(a,) so
that the first (second) component represents the extent of entire
deprivation for this attribute. Then ADD says that the sum of deprivations
based on the vectors (dq, da, ..., dap) and (by, bs, ..., b) is the same as the
deprivation based on the vector (a, +b,, @+ b, ..., a,+bg). This property,
therefore, shows how to calculate deprivations when we split the
attributes into components. Finally, SYM requires insensitivity of I to
permutation of its arguments. That is, / remains invariant under any
reordering of individual deprivations.

Theorem 3: An overall deprivation index [ satisfies NOM, ADD and SYM if
and only if it can written in the form:

1 1
Ha, a:, ___,a.@}=EZﬂf=EZd{xf} (5)

i=1 i=1

(For proof see the Appendix).

Theorem 3 identifies three necessary and sufficient conditions for
expressing global deprivation as the arithmetic average of dimension-
specific deprivations.

The deprivation index in equation(5) possesses the following
interesting properties:

(a) Minimality: It achieves its lower bound zero in the extreme case x,=0
tor all 4.

(b) Increasingness: It is increasing in individual deprivations &(x))
{hence in x;).

() Betweenness: Min {d(x)), ..., dixp)} =I=Max {d(x)), ..., dixp}
that is, I lies between deprivations of dimensions showing minimal
and maximal failures.

(d) Linear Homogeneity: An equiproportionate change in all depriva-
tions changes I by the proportion itself.

(e) Greater Sensitivity at Higher Levels of Failure: For any component,
the increase in deprivation due to a fixed increase in the extent of its
failure is higher, the higher this failure extent is, given that the failure
levels for other components remain unchanged.

(fy Factor Decomposability: Since the global index is the average
of component-wise indices, it is factor decomposable. Formally, tor
a'eR® i=1,2, ..., m, we have:

. } m kff ; ’
(@)=Y 2 1(a' (6)

i=1

Lo
oo
(%]
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i
>
where k= Y k; and a=(a’, a°, ..
i=1

o @)

That is, for any partitioning of the & components into m subgroups,
overall deprivation is a weighted average of subgroup deprivations,
where the weights are the proportions of components belonging
different subgroups. The quantity [kd(a’)/k] may be interpreted as the
contribution of subgroup { to total deprivation, the amount by which
total deprivation will fall if deprivation in subgroup # were eliminated.
The percentage contribution of subgroup ¢ to overall deprivation is
(ke d(a"y/ll{@))100. These contributions help us make quantitative
assessment of subgroups and hence to identify those subgroups that
are more afflicted by deprivation and to implement anti-deprivation
policy. For instance, between two subgroups with anthropometric
and non-anthropometric indicators, respectively, we can identify the
subgroup that is more afflicted by overall deprivation and formulate a
targeted deprivation alleviation policy.

To illustrate the formula in equation (3), suppose that & is of the form
of equation (2). The corresponding global index is:

1ot
— "

I, =100 k;x, , a>1 (7)
where I, is decreasing in z for all /. Note that expressing x, values
in fractional forms rather than in percentage forms prevents the
average from becoming excessively large and incomprehensible. To
make it comparable with HPI, this particular case of the index in
equation (5) is multplied by 100. This makes the index bounded above
by 100. Note also that scaling of the index by 100 does not affect the
percentage contribution made by different factors or their subgroups.
Furthermore, under scaling we have ordinal equivalence of the resulting
index with its original form. Thus, from the viewpoint of ranking they
provide the same information.

For a given x> 1, we consider the degree of substitutability between
any two failures, say x, and x;, in the aggregate index I,. The elasticity of
substitution a,;; between x; and x; along an isodeprivation curve (holding
x;, I#14, j, constant) is defined as the percentage change in (x/x)) for a unit
percentage change in the slope of the tangent along this curve (projected
on to x;—x; space at the given values of x;, [#4, j). Formally,

a7y =10 log (;‘:) / i logy (8)

where y=(dl./dx)/(cl./cx;). It is easy to check that 5;=1/(z—1). Thus, the
elasticity of substitution is constant along each level set of I, and the same
tor different level sets. If x=1, there is perfect substitutability between x,
and x;, and the impact on [, from a unit decrease or increase in any failure
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is the same, irrespective of the level of failures in different dimensions.
This contradicts our postulate HD (and property (e) of I.). The value of =
also influences the ratio (x,/x)"" !, the relative impact of a unit increase in
x; compared with a unit increase in x;. For =1, the relative impact is 1.
Given x; = xy, the relative impact increases as z is raised from 1. Note that
(x—1) is the elasticity of the marginal deprivation function &' (x,). As % — %,
there is no substitution between x; and x;. As z increases from 1, the
elasticity of substitution decreases from = to (.

We now compare [, with the HPL. The HPI in equation (1) satisfies
NOM and SYM, and also the postulates (a)—(e), but not ADD (and hence
not property (). It is related to [, in an increasing way. Formally,
(HPN*=1, for all %> 1. That is, I, and the HPI are ordinally equivalent.
Theretore, ranking of societies by I, will coincide with that generated
by the HPI, and hence they convey the same information. Since [,
corresponds to our general index [ in equation(5) for the particular
specification &, because of ordinal equivalence between HPI and 1, we
can say that [ is a generalization of the HPL

The final result concerns independence of NOM, ADD and SYM.

Theorem 4: The postulates NOM, ADD and 5YM are independent (for
proof see the Appendix).

An empirical illustration

This section illustrates the index I, using the three basic dimensions of life
captured in the HPI and three anthropometric indicators for several
countries for the wvear 2000. We refer to these two subgroups of
dimensions as the UNDP subgroup and the anthropometric subgroup,
respectively. To demonstrate that a particular case of I, is ordinally
equivalent to the HPI, we also present the HPI figures. The data have been
obtained from the Human Development Report (UNDP, 2002). We may
point out here that these dimensions of human life may not be mutually
exclusive. For example, anthropometric indicators, as measures of
nutrition, may overlap with living standard and healthy life. We have,
however, carried out a principal component analysis and the leading eigen
value (which explains 69% of the total variance) puts weights ranging
between (.56 and 0.93 to these variables, thus justifyving inclusion ofall in
measuring the underlying latent construct ‘poverty’.

The HPI, which is calculated annually by the UNDP for all countries
according to the availability of statistical data, is prepared in two forms,
depending on whether it is a developing country (HPI-1) or an
industrialized country (HPI-2). In the HPI-1 the three dimensions that
are taken are: (a) longevity failure, measured as the percentage of the
individuals with a life expectancy less than 40 vears (.:;3 )i (b) failure in
knowledge, as measured by the percentage of illiterate adults (x5 ); and (c)
failure in decent living standard {x}l} The indicator xj is given by
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(x*31 +x%32+x%33)/3, where the variables are: (i) the percentage of
population without access to drinking water (x}, ), (ii) the percentage of
population without access to health services {x_;l;], and (iii) the percentage
of children under age 5 who are moderately and severely underweight
(defined as below two standard deviations from the median weight for age
of the reference population)® (x3,). The global index, HPI-1, is then
obmined by taking symmetric average of order 3 of these three

dimensions:
1 1/3 1 1/3
HPI—-1= (E (P + x5 +x_§,"}) =1m(§ (o} + 3 +x:',}) (9)

which is the index in equation (1) for x=3 and k=3.

The HPI-2 measures failures in the same dimensions as the HPI-1 but
with different definitions, and also captures social exclusion (failure in
employment). Thus, it reflects failures in four dimensions: (a) a long and
healthy life (vulnerability to death at a relatively low age), measured by the
probability (%) at birth of not surviving to age 60 (x}); (b) knowledge
(exclusion from the world of reading and communications), measured by
the percentage of the adult population (aged 16-65) not possessing
functional literacy skills (x} ); (c) a decent living standard, measured by the
percentage of the population living below the income poverty line (50% of
the median disposable household income) (x%); and (d) employment
(social exclusion), measured by the percentage of unemployment
exceeding 12 months or more (x7 ). Then the HPI-2 is given by:

1 1/3 1 1/3
HPI— 2= (31 (o o +a? +x;-*}) =100 (; (o] +23 +a3 +xj}) (10)

As in the eadier case, HPI-2 corresponds to the k-dimensional HPI in
equation (1) for =3 and k=4.

The anthropometric indicators we consider are: (a) infants with low
birth weight, as measured by the proportion of infants with a birth-weight
of less than 2500g; (b) undemourished people, as measured by the
proportion of population whose food intake is insufficient to meet their
minimum energy requirements on a chronic basic; and (¢) children under
height tor age, as measured by the froportion of children under age 5 who
are moderately and severely stunted, defined as below two standard
deviations from the median height for age of the reference population
(UNDP, 2002).

We calculate I, for x=2, 3, 4 and look at the percentage contributions
made by individual indicators to global deprivation. The developing
countries chosen are: Ethiopia, Central African Republic, Zambia, Nigeria,
Bangladesh, Nepal, Ghana, India, Bolivia, China, Sri Lanka, Brazil,
Thailand and Mexico. Of these, Ethiopia, Central African Republic,
Zambia, Nigeria, Bangladesh and Nepal are chosen from among the low
HDI ranking countries. The remaining countries are chosen from among
the medium HDI ranking countries (UNDP, 2002). These countries are
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located in different parts of the wordd covering the continents Africa, Asia
and Latin America. Since the nutriional dimensions can significantly
contribute to human poverty and deprivation, and since mostly the low
and medium HDI countries are affected by them, we have excluded the
high HDI ranking countries from our analysis.®

The first column of Table 1 presents the names of the developing
countries considered here. The next column shows their HDI rank among
175 countries considered by the UNDP. Columns 3 and 4 present, tor each
country, the levels of deprivations for the UNDP and the anthropometric
subgroups, respectively. The weighted average of these deprivations
determine the overall deprivation I (for x=2), which is presented in
column 5, where the weights are 3/4 and 1/4, respectively. Similar
calculations for =3 and x=4 are reported in columns 6, 8, 9 and 10-12,
respectively. Column 7 indicates the HPI-1 rankings of the countries.

Several interesting features emerge from Table 1. Since for UNDP
basic functioning I, (with x=3) is ordinally equivalent to the HPI-1,
columns 6 and 7 show the same ranking of the countries. However, the
ranking generated by overall index values, as shown in column 9, becomes
different. The reason behind this is that the anthropometric subgroup
gives a different ranking from that given by the UNDP subgroup. In fact,
out of 3c:=3 ranking comparisons among columns 6-9, we observe
disagreement in all the three cases. To observe this in greater detail, let us
consider, for example, the pair (Zambia and Bangladesh). While the latter
is worse oft according to the UNDP subgroup index and the overall index,
we have an opposite picture for the anthropometric index. Cleady, given
different directional rankings of the two countries by the subgroup
indices, the direction of ranking by the overall index is dependent on the
weights assigned to the two subgroups. Similar situations of non-uniform
ranking occur for = 2 and % =4 as well. However, the ranking by the
UNDP subgroup index is constant across values of z, and this ranking
differs from the HDI ranking of the countries considered. In all cases
except for the anthropometric subgroup, Ethiopia emerges as the country
with maximum deprivation. In contrast, Mexico, which has the highest
HD ranking among the countries considered, emerges as the country with
minimum deprivation for only the UNDP subgroup, and not for the entire
set of attributes or the other subgroup. To understand the reason for this
explicitly, consider the index values for Brazil and Mexico for x=2. While
tor the UNDP subgroup the index value of the former is 40% higher than
that of the latter, the latter has a 22% higher index value than the former
tor the other subgroup. Thus, a higher weight assigned to the UNDP
subgroup makes the overall index higher for Brazil. Similar explanations
can be provided for the other cases. We also note monotonicity of the
index values with respect to z; as x rises, deprivation falls unambiguously
tor all countries.

Table 2 provides, for each country, the percentage contributions of
the UNDP and anthropometric subgroups of indicators to global
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Table 1. Deprivation indices for some developing countries for the year 2000

Country HIM x=3 x=4
rnking UNDF  Anthropometric Owverall UNDP subgroup index  Anthropometric Owverall UNDF  Anthropometric Owerall
subgroup subgroup index, I, subgroup index, I, subgroup subgroup index, L
peneralived index inhex peneralized inbex
indbex inbex
Generalized o
(UNDP)
Column Column Column Column Column Column Column Column Column  Column Column Column
(1) (2} (3] () (3) () (7 =) 4 {101 (11 (12)
Ethiopia 168 31.31 17.15 24.23 15.05 360.51 H.40 13.22 10.56 4.18 737
Central African 165 19.72 11.50 15.76 9.24 45.21 4.70 6.97 ER T 192 318
Republic
Fambia 153 14.28 19.57 16.82 .43 4006 1035 839 3.12 5.067 4.39
Nigeria 144 12.21 7.4 Q.85 4.27 4.0 3.28 378 1500 1.50 150
Bangladesh 145 15.18 13.54 14.24 7.62 42.40 5.14 638 4.17 2.05 310
Mepal 142 16.61 12.95 14.78 H15 4355 3.940 T 4.31 299 3.65
Cihana 1249 H.24 3.Z7 3.76 2357 28.74 0.72 1.55 .69 0.17 .43
Il 124 944 1147 100,50 3.62 33.00 4.24 393 1.40 1.74 L.57
Bolivia 114 2.63 4.08 336 .43 16.30 0946 0.70 0.07 0.23 0.15
China B 2.07 1.35 1.71 L33 14.87 0.20 0.26 005 .03 (.04
Sri Lanka H9 2.43% 3.8 3.0 .55 17.62 0.73 .04 13 .15 .14
Brazil T3 146 1.0 1.23 0.18 12.27 0. 10 .14 0.02 0.01 0.02
Theai Lancl T L. 249 2.05 027 1406} 040 037 oS LY 0.07
Mexico 54 0.HS 1.43 1.16 .08 940 0.22 .15 .01 .04 0.02
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Table 2. Deprivation breakdown by UNDF basic dimensions subgroup and anthropometric subgroup for some developing countries for the vear 2000

Country HIM % contribution to I,
ranking x=2 =3 =4
UNDF Anthro pometric UNDF Anthropometric UNDF Anthropometric
subgroup subgroup subgroup subgroup subgroup subgroup
Column (1) Column (2) Column (%) Column {4) Column (5) Column (6) Column {7) Column (#)
Ethiopia 168 .00 35.40 0H.23 31.77 7162 28.38
Central African 165 62.57 3743 0. 28 33.72 6 H2 3018
Republic

Fambia 153 42.43 37.57 38.51 61.64% 35.47 04.53
Nigeria 148 62.00 3500 56.57 43,43 5001 49,99
Bangladesh 145 53.15 40,85 349.74 40.26 6723 3277
Mepal 142 360.18 43482 57.74 42.26 5899 41.01
Cilama 129 TL57 2H.43 Th.O0 23,34 HOUMHY 200,00
Indlia 124 4730 32.70 46.11 53.H9 4450 35.44
Baolivia 114 39.20 OO H 3115 GH.H5 2375 T6.25
China U 0049 3951 62.76 37.24 63 HH 36.12
Sri Lanka HY 371 00).2%9 42.74 57.20 4703 3297
Brail 73 5915 4087 .43 33.57 G9HD 3011
Thailand 70 .23 60.77 37.54 6246 661 63.39
Mexico 54 3H.03 61.97 27.52 T2.48 18.14 H1.56
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deprivation for different values of x. These contributions are calculated
from figures in columns 3-5, 6, 8, 9 and 10-12 of Table 1. Complete
elimination of deprivation within a subgroup would lower aggregate
deprivation by the percentage by which it contributes to total deprivation.
We note that tor all values of x, except for Zambia, India, Bolivia, Sri Lanka,
Thailand and Mexico, the UNDP dimensions make more than 50%
contributions. Therefore, in all such cases the UNDP functioning
collectively needs more attention from an anti-deprivation policy
perspective.

In order to get a closer picture of contributions made by different
dimensions in the two subgroups, we decompose the subgroup depriva-
tions by their indicators in Tables3 and 4. Since there are three
component indices in the composite index, a contribution of one-third
will mean that the components are equally important. From Table 3 it
follows that, for some countries in Africa (Zambia) and South America
(Bolivia), at least one-third of the total contribution to their respective
total deprivation comes from vulnerability to death at early age for all
values of 2. While some Asian countries (e.g. Nepal, Bangladesh, India and
China) perform better with respect to this dimension, their performance
tor the functioning adult literacy rate is disturbing. Brazil's situation in
literacy is disturbing as well. However, its performance in decent living
standard is better than India and Ghana, but worse than Bangladesh and
more or less the same as Nepal. For Sri Lanka and Thailand the situation is
different. Among the countries considered in the table, they have the worst
performance in relative terms with respect to decent living standard,
although they perform reasonably well with respect to the other
dimensions. In fact, for Mexico the contribution of this indicator also
ranges from 45% to 59% and the remaining contribution is shared more or
less equally by the other two factors. In the case of Ethiopia, the country
with maximum deprivation, the contribution of longevity failure ranges
from 11% to 21% for different values of z but contributions of other
dimensions vary within a close range. For the other two countries (Nigeria
and Ghana) we have a somewhat compromise picture in terms of the three
attributes.”

From Table 4, where the country-specific anthropometric deprivations
are disaggregated into individual components, we observe that all
countries except Sri lanka and Thailand sufter from high level of
deprivation in terms of ‘children under height for age’. This shows the
presence of a high percentage of children in these countries with height-
for-age deficits indicating past or chronic inadequate nutrition and/or
chronic or frequent illness among children. For Sri Lanka and Thailand the
contributions of the factor are relatively low compared with the other
countries. In three Asian, three African and two South American countries,
for all values of =z the contribution of the fraction of undernourished
people to the overall index is 12% or more. Thus, undernutrition may be
regarded as an important cause of ill health in these countries. Finally, we

289



06T

Table 3. Breakdown of deprivation (based on UNDP basic dimensions) by individual indicators for some developing countries for the year 2000
Country HIM % contribution of indicators
ram bd g a=2 x=3 T=4

Probability at - Adult Deprivation  Frobahility at Adult Deprivation  Frobahility at Adhult [ privation
birth illiteracy in decent birth il literacy in decent birth illiteracy in decent
of ot riate standard of ot rite stancdard of not rite standard of

surviving to of living*® surviving to of living surviving to living
age 40 ape 40 ape 40

Column (1)

Column (2} Column (3) Column (4)

Column (3)

Column (%) Column (7)) Colummn (8)

Column % Column (107 Colummn (11)

Ethiopia
Central African
R public
Fambia
Nigeria
Bangladesh
Mepal
Cihana
Inefia
Bolivia
Chima
Sri Lanka
Brazil
Thailand
Mexicn

168 20,24 39,49
165 34.68 48.01
153 67.08 11.20
148 31000 35.57
145 10.046 T5.66
142 10.16 6794
129 29,50 32 86
124 930 61.45
114 42491 26.65
M 10004 40.68
H9 4.61 964
RE 29,22 S0.13%
T 1682 421
54 26.11 2H.03%

40.27
17.31

21.72
3343
14.28
21.86
37.04
29.19
3045
49248
H#3.71
20.65
TRYT
4586

15.531 41.72 4297
33.54 S4.04 11.42
TO.H4 545 14.71
2986 36.70 33.45
4.29 HH.40 7.25
4.00 .04 14.70
27.04 3251 3945
4.248 7211 23.61
470 23.45 2H.04
4.4 40.72 34.29
1.1% 3.61 95.20
2004 SH.449 15.47
HH5 1.11 )04
2252 25.05 52.43

11.41 4343 45.16
31.59 ). 54 THY
HH.2H 2.40 9.26
2873 3T.H4 3343
Lo 4404 338
1.948 HH.H3 Q.14
2584 32.08 42.08
1.86 HOLOT 18.07
52.93 2041 26.65
2.41 3.55 .04
0.29 1.25 9H.40
2251 .24 11.25
4.33 0.27 94540
19,08 22.01 5890

“For the year 2000, owing to lack of relishle data on ‘the perentage of population without acoess to bealth services” (v%32), this has been measured using an

unweighted average of ‘population not using improved water sources” (x%5,) and ‘underweight children under fve’ (%)

Japumlvy v pup Aupaviyvg ¥ s




16T

Table 4. Breakdown of deprivation (based on anthropometric dimensions) by individual indicators for some developing countries for the vear 2000

Country HIM % contribution of indicators
ranking x=2 x=3 =4
Infants Undermourished  Children Infants Undernourished  Children Infants Uniche rovouris bed Children
with Lon people under  with low people under  with low people under height
hirth height hirth hesight hirth for age
weights for ape  weights forage  weights
Column Column  Column Column Column  Column Column Column  Column Column Column
(1 (2) (3] () (3] i) (7} (H) (%) {141) (11)
Eﬂ'li.npi.’.l. 1648 2.850 46,66 50.54 .69 46.68 52.63% 017 4593 53540
Central African 165 4.7H 52.25 4294 1.56 30.34 42.06 .50 5435 40.16
R public

Zambia 153 2.08 3H.01 54 H) .43 3343 6. 14 LX) 2H.68 T1.23%
MNigeria 144 3.61 2. 18 94.21 .74 .35 U491 015 005 WAy HO
Bangladesh 145 22.42 27.1% 3045 17.53 2353 54915 13.29 19.45 G67.26
Nl:p;ll 142 11.35 13.61 7500 5.18 .80 HH.02 2.17 312 94.72
Cihana 1249 H.25 22.91 GH.H4 3306 15.57 H1.07 1.28 DHS HH.HH
Infia 124 20036 15.495% 63.72 1543 9.57 T6.59 876 5.37 H5.HT
Bolivia 114 5.23 354 55.23% 1.78 37.05 G61.16 .54 33.649 65.72
China 90 HET 19,95 TL1H 364 12.44 H3HT 1.42 T.18 91,40
Sri Lanka H9 26.11 4779 26.11 22 34 55.32 22.% 18.649 G2.62 18.69
Brazil T3 2642 33511 40.07 23 .H2 32.68 43.50 21.03 32.05 46,92
Thailand T 6.57 54912 34.32 2.50 67.60 249490 0491 T4.11 2497
Mexicn 54 15594 5.41 T5.55 ILIAY 1) 1LH7 HT.23 5.H5 .56 045549
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analyse the impact of ‘infants with low birth weight' on global deprivation.
In Bangladesh, Nepal, India, Sri Lanka, Brazil and Mexico, this is significant
tor certain values of = Therefore, a policy of reducing the percentage
contribution made by this factor will also be an attempt to combat health
and nutrition problems.

One encouraging picture that emerges from Table4 is that in
some countries there is an insignificant effect of some dimension(s)
on global deprivation. For instance, in Ethiopia and Zambia the impact
of the indicator infant with low birth weight is rather small. In Ethiopia,
the country that has maximum deprivation, the effects of the remaining
two sources are quite high. Theretore, in this country these two
sources deserve more or less equal importance from an anti-
deprivation policy perspective. But in some cases we observe a quite
disturbing picture — the influence of a factor is very high. For instance, in
Nigeria and Mexico tor x=2, the indicator children under height ftor
age characterizes, respectively, more than 94% and more than 75% of
global deprivation. This contribution rises as the value of 2 goes up,
and therefore this atribute has serious implications in terms of frequent
illness and nutrition deficiency on child health. The policy-makers may,
therefore, have to reformulate an appropriate policy under such
circumstances.

In order to establish what an individual variable contributes to
human deprivation, in Tables5 and 6 we present the decomposition of
the HPI and nutrition components. This breakdown is important
when policy decisions are based on comparison of contributions
across component variables. We note from Tables5 and 6 that for any
country, for any z, rankings of the percentage contributions of the
UNDP and anthropometric indicators are the same as those observed in
Tables3 and 4, respectively. Next, our observation from Tables5 and 6
reveals that, for Ethiopia, Central African Republic, Nigeria, Ghana and
Brazil, for x=23 each of the UNDP dimensions contributes more than
any of the nutrition components. Thus, in the case of these countries,
their overall situation indicates that they are in a comfortable position
from the nutritional aspect. The pictures for x=4 and the remaining
countries are somewhat mixed in the sense that the conwibutions of
the UNDP indicators and nutritional indicators cannot be separated
out. For instance, in Mexico, while ‘deprivation in decent standard of
living' contributes the most, the next major contributor is ‘children under
height for age’. Positions of all other countries can be analysed
analogously.

Conclusion

This paper aimed to develop a generalization of the UNDP HPI through an
axiomatic approach. The index can be written as the simple average of
deprivations along individual dimensions. This property permits us to
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Table 5. Percentage contribution of individual indicators of UNDP basic dimensions in the overall index for some developing countries for the vear 2000

Country HIM % contribution of indicators
ranking x=2 x=3 =4
Probability at  Adult Deprivation  Frobahility at Adhult Deprivation  Probahility at Adhult [he privation
birth illiteracy in decent birth illiteracy in decent hirth illite racy in decent
of not rate standard of not rate stanchard of not rate standard
surviving to of living® surviving to of living surviving to of living
age 40 age 40 age 40

Colummn (1) Column (2) Column (3) Column 4)  Column (50 Column (6) Column (7)) Column 3 Column (%) Column (109 Column (11)

Ethiopia 168 17.11 33.539 34.05 13.25 36.12 37.20 10,08 3H.30 3089
Central African 165 28492 40,03 14.43 2H.68 46.71 10.11 27.61 5292 .88
R public
Fambia 153 40.1% 771 1454 51946 3.54 9.57 3495 1.53 3.76
Nigeria 148 2574 29.53 2776 2377 2922 26.63 21.55 28.38 25.08
Bangladesh 145 iy 3H.48 11.004 350 T2.24 5.492 1.44 H1.67 291
Mepal 142 B 33940 17.35 3.75 0403 11.82 1.61 7212 T.45
Cihana 1249 2605 29.02 33.24 25.10 29.52 36,18 2385 29.61 3H.H4
Irnefia 124 682 44.81 21.2%9 308 51849 16,44 1.31 36,60 12.77
Baolivia 114 2B2H 17.50 2007 27.59 13.50 1644 2357 986 1287
Chima 96 H25 33.40 40.47 4.17 330 4352 2.03 33.24 4H.H3
Sri Lanka o 3 A 6.43 36,91 .82 2.50 65481 21 491 T1.548
Brail 73 2375 40.74 16.79 2194 49.40 13.07 1968 57.92 2.43
Thailand 70 1147 277 52.08 3.6 .71 57.92 2.74 0.17 .44
Mexico 54 1692 18.16 2972 11.94% 13.34 2792 762 8579 23.52

“For the year 2000, owing to lack of relishle dat on ‘the percentage of population without acoess to health services” (0%5;), this has been measured using an
unweighted average of ‘population not using improved water sources” (x%31) and ‘underweight children under five (0%33).
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Table 6. Percentage contribution of individual indicators of anthropometric dimensions in the overall index for some developing countries for the yvear 2000

Country HIM % contribution of i ndicators
ranking y=3 =3 x=4
Infants with Under- Children  Infants with Under- Children  Infants with Under- Children
low hirth nourished  under height  low hirth nourished  under height  low hirth nourished  under height
weights people for age weights people for apge weights people for age
Column (1) Column (2) Column (3)  Column (4)  Column (3 Column (6)  Column (7)) Column (3) Column (%) Column (100 Column (11)
Ethiopia 168 .43 7.21 T8l LX) 6.27 707 0.02 336 0.29
Central African 163 079 H.08 T.14 0.23 H.18 6.10 0.06 747 5.0
Republic

Zambia 153 0.65 11.54 18.060 15 11.68 23,10 005 10.83 26,49
Nigeria 144 0.0l 037 15.98 15 0.07 20,15 .04 .01 24.94
Bangladesh 145 5.0 6.16 11.46 3.21 4.28 10.85 1.86 2.72 940
Mepal 142 2.34 281 15.48 1.02 1.33 17.26 041 .59 17.82
Cihana 129 096 2.68 HO5 131 1.43% 747 0. 10 0.76 054
Indica 124 5.51 4.31 17.25 3.8 2.08 21.47 257 1.57 25.17
Bolivia 114 1.78 13.48 18.82 0.76 15.72 25.95 .50 17.42 3398
China i 1.549 357 12.73 .61 2.06 13.85 0.22 1.14 14.50
Sri Lanka HY 877 160k 877 6.9 17.08 6.5 5.10 17.04% 5.10
Brazil 73 5.02 6.20 7.50 370 5.08 6.70 2.04 4.02 5.489
Theai Ll 70 224 20.1% 11.649 LR 24.11 10.67 .33 27.12 9.14
Mexico 54 6,63 2.05 26.52 5.10 087 40.78 351 .33 36.22
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determine the percentage contributions made by the dimensions to
overall deprivation. These contributions can be used to separate the
dimensions according to their degrees of sensitivity. The high contributing
dimensions may require the attention of policy-makers to reduce their
impact in order to occupy a lower position in the human poverty profile.
An empirical illustration of the generalized index using cross-country data
tor the dimensions of life considered by the UNDP and some anthropo-
metric indicators is also provided in the analysis.

Finally, we present suggestions on policies that warrant attention
based on application of our index. For example, an improvement in the
adult literacy rate can be brought about by: (i} reduction of dropouts at
different levels of education by some incentives, and (ii} having adult
education programmes such as free night schools where people can study
after work. In the context of anthropometric indicators, it is known that
malnutrition is typically caused by a combination of insufficient food
intake and infection, which impairs the body's ability to absorb or
assimilate food. Therefore, the situation in this context can be improved by
providing better health infrastructure, by arranging proper diets for
pregnant women, by improving calorie intake for children through midday
meals at schools, and so on. Contributions of the indicators to the overall
index indicate on which aspect a country will need to tocus its attention to
formulate pertinent policies.
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Notes

1 This procedure, which Dutta e af (2003) referred o as Procedure 1, was adopred in
Chakravarry (2003) for developing a generalization of the HDIL

2 It may be noted here that while the HDI deals with achievement of atrributes, the HPI is
concerned with failure of artributes. Given that achievement and failore deserve to be
treated separately, the peneralized HDI considered in Chakravamy (2003) has a
completely different objective from the genemlized index developed here.

3 While the consequences of low BMI (malnourdshment, thinness) are olwious, the
consequences of high BMI (obesity) are diabetes, cardiovascular disease, hypertension,
stroke, and so on.

4 A non-negative square martrix of order & is called a & =k permurtation marteix if its entries
are 0 or 1 and each of its rows and columns has only one positive element.

5 This indicator is commonly used for monitoring growth and o assess changes in the
magnimudle of malnutrition over time. It confounds the effects of short-term and long-
term health and nutriton problems.

6 We may mention that information on anthropometric indicators is not available for
these countries. Therefore, an analysis for these countries with UNDP dimensions will
only detract from the value of the paper.
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5. R. Chakravarty and A Majumder

7 In principle, the disrribution of deprivation of living standards across the three
individual components can be investigated applying a similar approach and the
underlying policy implication can be examined. However, due to close similarty of the
exercise with the earlier ones, the exercise has not been done here.
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Appendix

Proof of Theorem 1:

MN requires increasingness of d. For NM to hold we need &(0)=0. Next,
let b= 0. Then given x; = ), HD demands

dix;+b)—d(x;) = d(y;+b)—d(y;). (A1)
Dividing both sides of equation (A1) by A and letting A tend to zero, we get
d'(x;) > d' (i), (A2)

where d' is the derivative of 4.

The argument given above shows that equation(Al) implies
equation (A2). To prove the reverse implication, let us take the definite
integral of the left (right)-hand side of equation (A2) from lower limit x,(y,)
to upper limit x,+b(y+b) to get

i+

[ rwass [ rea (43)

o Xy Wi
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which is equation (A1). Therefore, equation (Al) implies and is implied by
equation (A2).

Given x; = )y, for equation (A2) to hold we require increasingness of
d'; that is, strict convexity of d. In other words, we need &" =0, where &" is
the derivative of «'.

This establishes the necessity part of the theorem. The sufficiency is
easy to verify.

Proof of Theorem 2:
Suppose that the deprivation index is of the form
I.{x;]=xf+1, a > 1, (A4)

since ¢1(0y=1, NM is violated. However, t; satisfies the remaining two
postulates.

The index given by

£2(x) = — 11:, (A5)
violates MN because it is decreasing in x,. But it verifies NM and HD.
Since the index
t;(x;)=x5, 0D<ec<l, (AG)

is strictly concave inx,, HD is not fulfilled. However, ¢; meets NM and MN.

Proof of Theorem 3:

The idea of the proof is taken from Aczél (1966, pp. 239-240). For any {,
1=i=k, define I (0, ..., 0,a, 0,0, ..., 0)=t,(a).

Iay, 2,0, ...,0)=1{a1, 0, ...,0)+1(0,a3, 0, ..., 0)=t1(a@1) +t2(az). (A7)
Repeating this procedure we get

Hai, az, ..., ae) =" ti{a). (A8)

i=1

Symmetry of I requires that ¢; be independent of {, say t,=t for all i.
Theretore,

-]
Hay aa, ... ae)="Y t(ai). (A9)

=1
If a,'s are all identical (say a,=a to all #), then
Ha,a, ... ...,a)=kt{a). (A10)
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But by NOM in this extreme case
Ha,a, ... ...,q)=a. (Al1)

From equations (A1) and (A11) it follows that #{a@)=a/k. Substituting this
explicit form of ¢ in equation (A9), we get

13 "
Hay,az ...,a4e)=Y %fp=" d(x;)/k.

i=1 i=1

This completes the necessity part of the theorem. The sufficiency can be
verified by noting that [ in equation (3) fulfils NOM, ADD and SYM.

Proof of Theorem 4:

Consider the global index

13
Gilay, az, ..., )= ai. (A12)
i=1

Since NOM demands that the index should be expressed as an average of
attribute-wise deprivations, ¢, does not satisty NOM. However, it fulfils
ADD and SYM.

We have noted that the k-dimensional HPI in equation (1) violates
ADD but meets NOM and SYM.

Finally, suppose that the overall deprivation index is of the form

P
Galay, az, ---13.@}:52‘3;’1 (A13)

i=1
where ¢, = 1 for all # and ¢#¢, if a,#a, for i#j, and ¢,=c,=1 if a;=a, for i#].
By construction &> does not fulfil SYM, although it meets ADD and NOM.
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