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Abstract

Most of the multidimensional policy indices currently in use select the house-
hold as their unit of analysis. However, they either assume the same set of
needs across households or ignore that demographically dissimilar households
have significantly different needs. Therefore, small households register a sys-
tematically lower number of dimensions in deprivation, and conversely, larger
households register a systematically larger number of dimensions in depriva-
tion. Household comparability, in those cases, is unsatisfactory. This paper
proposes a family of multidimensional deprivation indices based on metrics
that account for differences in needs at the household level. Our family of
indices constitutes a parametric measurement approach that enhances house-
hold comparability. It attempts to describe how much deprivation households
of different sizes and compositions may exhibit in order to be catalogued as
equivalently deprived. We built upon the Alkire and Foster (2011) family of
multidimensional poverty indices, proposing to discount for household needs
and to take into account the scale economies that arise at this level. We demon-
strate the advantages of our proposed method using the 2013 Paraguayan liv-
ing conditions survey and simulation methods. Final results shed light on the
relevance of accounting for differences in needs across demographically het-
erogeneous households. This paper provides a tool for policy makers to rank
multidimensionally deprived households.
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1 Introduction

In the context of policy, there has been growing interest in measuring poverty by

assessing deprivation in multiple dimensions of well-being, rather than assessing ex-

clusively the ability to consume market commodities. An example of this, in the

international arena, is the global Multidimensional Poverty Index (MPI) used since

2010 by the United Nations Development Program (Alkire et al., 2013). There also

have been efforts to develop country-specific multidimensional indices that are able

to describe the joint distribution of well-being dimensions in deprivation. Examples

of these indicators are the Mexican official methodology of poverty measurement

(Coneval, 2010), the Colombian Multidimensional Poverty Index (Angulo et al.,

2015) and the Chilean National Multidimensional Poverty Index (MDS, 2014). All

these policy oriented applications of multidimensional deprivation measurement1 use

the Alkire and Foster (2011) methodology and the household as the unit of analysis.

In the context of those policy-oriented multidimensional measures, the use of the

household as the unit where multidimensional deprivation is evaluated implies that

households are considered to be cooperative units that jointly face deprivation when

it occurs for any household member. The use of household as the unit of analysis,

also involves defining household dimensional deprivation in terms of whether or not

there is at least one household member facing deprivation and comparing households

through a number of deprived dimensions.

However, households are made up of people from different demographic sub-

population groups, i.e. households are demographically heterogeneous. This demo-

graphic heterogeneity implies that there is heterogeneity in needs. While households

with children at home need to access educative services for their offspring and can

be catalogued as deprived whenever they do not access those services, households

consisting of the elderly population need access to pension schemes. The larger and

more demographically heterogeneous the household is, the greater might be its needs.

1Throughout this article we use the term ‘multidimensional deprivation’ to refer to multidi-
mensional indices that aggregate several deprivation indicators into a single metric that is used
to identify the poor as the most deprived population. We opt for the multidimensional depriva-
tion expression, rather than the name ‘multidimensional poverty’, to differentiate between other
multidimensional poverty indices where the variables are not necessarily expressed as deprivation
indicators and the identification of the poor is also done in a different manner.
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Despite this household demographic heterogeneity, policy-oriented applications

of multidimensional indices of deprivation identify as the most deprived, i.e the

multidimensionally deprived, those households that exhibit the larger number of di-

mensions in deprivation. This applied literature either assume the same set of needs

across demographically dissimilar households or ignore the fact that demographi-

cally dissimilar households can have significantly different needs. These differences in

needs result in small households registering a systematically lower number of dimen-

sions in deprivation, and conversely, larger households registering a systematically

larger number of dimensions in deprivation.

One might argue, however, that in developing countries, larger households in

fact tend to be more deprived than smaller households. But, does this result entirely

reflect differences in experienced deprivation? Conversely, are these differences in-

stead reflecting household demographic heterogeneity? We point out that current

household multidimensional deprivation profiles, that identify the multidimensionally

deprived on the basis of the number of exhibited deprived dimensions, are reflecting

not only differences in deprivation across households, but also the intrinsic household

demographic heterogeneity that has not been addressed yet by the multidimensional

measurement process.

This paper proposes a family of multidimensional indices that measures multidi-

mensional deprivation based on household comparisons of observed multiple depriva-

tions that explicitly take into account the intrinsic household heterogeneity in needs.

This is the methodological contribution of this paper within the multidimensional

measurement literature.

Similar approaches have been extensively analysed by the applied economic

welfare literature. Examples of this literature are Kapteyn and Van Praag (1978);

Pollak and Wales (1979); Blundell and Lewbel (1991); Coulter et al. (1992b); Cowell

and Mercader-Prats (1999); Duclos and Mercader-Prats (1999) and Ebert and Moyes

(2003), among others. They aim to provide welfare societal comparisons based on

income or expenditure household-based aggregates. In those cases household com-

parability in enhanced through the use of equivalence scales.

In contrast, comparisons of multidimensional deprivations between demograph-

ically dissimilar households have yet to be studied in the multidimensional measure-

ment literature. Theoretically developed families of multidimensional indices, such
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as the proposed by Tsui (2002); Bourguignon and Chakravarty (2003); Alkire and

Foster (2011) or Seth (2010), use the individual as the unit of analysis and do not

discuss the arising comparability problems that heterogeneous needs across units

pose.

In contrast to previous methodologies for multidimensional indices, we address

this demographic heterogeneity across units. In particular, we propose to discount

multidimensional deprivation by needs by using a parametric approach to measure-

ment. Using the Paraguayan 2013 household survey and statistical simulations, we

closely analyse the advantages of our proposed method to address heterogeneity in

needs and the implications derived from the use of different parameter combinations.

This set of simulations represents the empirical contribution of this paper.

The family of indices that we present in this paper aim to provide a practical ap-

proach to multidimensional deprivation measurement based on enhanced household

comparability and that is argued as adequate for the purposes of distributive jus-

tice. According to Elster and Roemer (1991, pp.1), any notion of well-being should

be based on appropriately operationalized interpersonal comparisons, and it should

be adequate for the purposes of distributive justice. In this vein, we describe our

measures in terms of the characteristics that make them suitable for household com-

parisons of multidimensional deprivation. We also discuss the characteristics of our

measures to be argued as suitable for the purposes of distributive analysis.

We highlight the policy relevance of our proposed multidimensional family of

indices. The metrics that we propose in this paper provide more consistent household

rankings of multidimensional deprivation not only in terms of the number of dimen-

sions in deprivation at the household level, but also in terms of their experienced

deprivation breadth. Our proposed approach, therefore, furnishes policy makers with

a technology to rank households from most deprived to least deprived, revealing an

important technique for targeting the most deprived households in developing coun-

tries.
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2 Welfare comparisons in the presence of hetero-

geneous needs: background

There is a plethora of methods and techniques from the one-dimensional literature

that attempt to assess welfare and inequality rankings, while taking into account dif-

ferences in needs between households. Examples of this in the literature are Kapteyn

and Van Praag (1978); Pollak and Wales (1979); Blundell and Lewbel (1991); Coul-

ter et al. (1992b); Cowell and Mercader-Prats (1999); Duclos and Mercader-Prats

(1999) and Ebert and Moyes (2003), among others. Within this literature, these

technologies are known as equivalence scales. Their relevance, as pointed out by

Cowell and Mercader-Prats (1999), is crucial for inequality and social welfare com-

parisons: “equivalence scales, by providing an interpersonally comparable measure

of living standards, play a central role in the assessment of social welfare and income

inequality. Failure to take account of the relationship between nominal and equival-

ized income can give a biased picture of both inequality and social welfare” (Cowell

and Mercader-Prats, 1999, p. 409).

To construct measures of welfare and inequality, equivalence scales have been

used to make income or expenditure comparable across households for normative

purposes (Fisher, 1987; Muellbauer, 1974). These scales intend to reflect the amount

of income required for households of different sized and compositions to have the

same welfare level (Pollak and Wales, 1979; Nelson, 1993). An important emerging

fact from this literature is that there is no correct or incorrect equivalence scale.

Different procedures are justified according to different circumstances.

From the empirical perspective, two main approaches to measure equivalence

scales can be recognized: equivalence scales drawn from econometric techniques and

equivalence scales that use parametric approaches. For a review of both branches of

the empirical literature see Cowell and Mercader-Prats (1999) and Flückiger (1999).

Both econometric and parametric approaches are based on different normative val-

ues that determine the results. While econometric approaches vary across different

functional forms used to model household preferences, parametric approaches are

based on the selection of a set of parameters to typify the size and composition of

the household. The following will briefly describe both approaches.
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The most common econometric techniques implemented to derive equivalence

scales consist of modelling demand functions using household budget data and then

estimating the effect that non-income characteristics have over such demand (Coul-

ter et al., 1992a). However, as Pollak and Wales (1979) pointed out, these type

of scales are based on household’s demand preferences already constrained on the

household demographic composition. Moreover, according to Blundell and Lewbel

(1991, pp.50), scales revealed from demand data are based on conditional prefer-

ences, regardless of whether households choose demands and demographic attributes

simultaneously, sequentially or independently. These types of equivalence scales are

referred by Pollak and Wales (1979) as ‘conditional’ equivalence scales.

Conversely, ‘unconditional’ equivalence scales refer to the variation in income

that households of different sizes and compositions require to achieve the same welfare

level. However, this variation should be derived independently from the observed

demographic profile of the household. According to Pollak and Wales (1979, pp.217),

in order to derive unconditional scales “welfare analysis must compare the well-being

of a family in alternative situations which differ with respect to its demographic

profile as well as its consumption pattern”. In this vein, unconditional equivalence

scales are not directly observable. For this particular type of scale, studies such as

Blundell and Lewbel (1991), or more recently Hausman and Newey (2013), focus

on estimating those unobserved parameters by using counter-factual techniques and

applying sensible identifying assumptions.

The parametric approaches, on the other hand, have focused on providing a

measurement approach that first takes into account the elasticity of the needs with

respect to household size and then the different household compositions. Examples

of these parametric technologies can be found in Atkinson and Bourguignon (1987);

Buhmann et al. (1988); Coulter et al. (1992b) and Cowell and Mercader-Prats (1999).

A general approach of this type of equivalence scale is analysed by Buhmann et al.

(1988) and Coulter et al. (1992b), from where they express the household adjusted

income (yh) as a function of the observed household income (xh), the size of the

household (sh) and a scale relativity parameter (θ):

yh =
xh

(sh)θ
. (1)

In this approach, needs are expressed in terms of the size of the household, and

the scale relativity parameter varies from no adjustment of the household income
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by needs (θ = 0), to a complete adjustment portrayed by the per capita household

income (θ = 1).

Our proposed family of measures expressly draws from this parametric equiv-

alence scale literature. In particular, we attempt to describe how much deprivation

households of different sizes and compositions may exhibit to be catalogued as equiv-

alently deprived. Similar to the one-dimensional equivalence scale of Eq.(1), we use

a parametric approach to measurement and emphasize household needs under scale

relativity parameter θ to account for the scale economies that might arise at the

household level. As a result, our family of measures enhances multidimensional de-

privation comparisons in presence of different household sizes and compositions and

allows societal multidimensional indices based on more demographically compara-

ble household estimates than the available ones in multidimensional measurement

literature to be obtained.

3 The proposed family of multidimensional depri-

vation indices

There are several conceptual approaches to measure well-being, and each measure

chooses its specific conceptual focus. The focus could be on resources (income or

others), basic needs, Sen’s functionings or capabilities (See Sen (1993) for a com-

plete discussion on these two well-being concepts), rights, happiness and so on. In

particular, the family of multidimensional measures that we propose in this paper

can be applied by different conceptual approaches. However, this corresponds to a

normative selection to be taken for each specific context. For a complete discus-

sion of this type of normative choices in the context of multidimensional deprivation

measurement see Alkire et al. (2015a).

Within the multidimensional literature, there are two alternative procedures to

identify the poor population and aggregating dimensions: the ‘welfare approach’ and

the ‘counting approach’. The first approach combines several dimensions into a single

variable and sets a threshold to differentiate between poor and non-poor populations.

This welfare approach has been proposed by Bourguignon and Chakravarty (2003),

Seth (2009) and Seth (2010), among others.
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By contrast, the counting approach, as its name states, counts the number of

dimensions in which people suffer deprivation, and the identification of the multi-

dimensionally deprived rely on defining how many dimensions under deprivation a

person should exhibit to be categorized as multidimensionally deprived. Examples

of these types of measures are the ones proposed by Aaberge and Brandolini (2014b)

and Alkire and Foster (2011). Efforts have been made within literature, such as

Atkinson (2003), to analyse both approaches (welfare and counting) under a com-

mon framework. However, as pointed out by Aaberge and Brandolini (2014a), this

discussion is still inconclusive.

Our proposed family of measures stands, specifically, within the counting multi-

dimensional poverty literature and builds upon Alkire and Foster (2011)’s methodol-

ogy. Henceforth in this article, we abbreviate the Alkire and Foster (2011) method-

ology of multidimensional poverty measurement as the AF methodology, or simply

AF.

The Alkire and Foster (2011) methodology, and multidimensional methodologies

available in literature such as Tsui (2002); Bourguignon and Chakravarty (2003);

Seth (2009, 2010); Rippin (2010), all have been developed using individuals as the

unit of analysis. However, recently efforts of policy oriented application that use

these methodologies have focused on measuring multidimensional deprivation using

household as the unit of analysis. Our proposed methodology is aimed, therefore, to

close this gap between theoretically developed family of indices and policy oriented

applications. We expressly set household as the unit of analysis and address some of

the possible measurement challenges that arise along with this decision.

We continue formalizing, in the following subsections, our multidimensional

deprivation family of measures through its main poverty measurement steps.

3.1 Individual dimensional deprivation

Our methodology departs from the Alkire and Foster (2011) individual dimensional

deprivation notion. We describe this basic notion here in this section, while intro-

ducing some slightly changes on their notation and proposing to capture individual

differences in needs.
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Consider a population consisting of I ≥ 1 individuals evaluated across J ≥ 2

indicators or dimensions. We, thus, define an I × J matrix A = [aij], where each

row corresponds to an individual and each column to the indicators quantifying the

individuals’ achievements, such as education level, nutrition, health status, etc. More

precisely, the cell aij of the matrix A quantifies for the i-individual’s j achievement.

Each column is an, either cardinal or ordinal, achievement indicator.

Greater values of an achievement indicator, in general, refer to better off con-

ditions and lower values of it refer to worse off conditions. On the other hand, a

cardinal indicator is such that any of its values measure the size of the achievement.

This means that the comparison between any two given observed points of a cardinal

indicator commensurates the difference between their respective sizes. For instance,

years of education is a cardinal achievement indicator because having two years of

education can be considered as double the number of one year of education. In con-

trast, an ordinal indicator does not allow to measure the size of the achievement,

only indicates a particular ordering between situations. An example of an ordinal

achievement indicator is the self-assessment of health status, this indicator takes the

categories of “very poor”, “poor”, “good” and “very good”. Note, that in this case

we are unable to evaluate the ’size’ of the situation. If we compare two observations,

as for instance one person having very good health and another person having very

poor health, we do not observe the size of the difference between both situations.

In this latter case we only know that the first person is in better off self-assessed

health status than the second one but we do not know the size of the difference in

self assessed health status between the two persons.

On the other hand, let z = (z1, z2, . . . , zJ) denote the row vector of threshold

values for the achievement indicators, such that if aij < zj, then the i individual is

deprived regarding achievement j. The vector of non-negative importance weights

is defined as w = (w1, w2, . . . , wJ); it includes wj as the relative importance weight

for achievement j in the overall deprivation evaluation, and satisfies
∑J

j=1wj = 1.

If the aij achievement of the i person lies below the zj threshold for the j di-

mension, the Alkire and Foster (2011) methodology defines the individual deprivation

indicator as gαij = ((zj−aij)/zj)α, where α ≥ 0 is the poverty aversion parameter. In

case α = 0, then g0ij takes value of either 1 or 0, indicating presence or absence of de-

privation of the i individual in the j dimension. On the other hand, when α = 1, gαij
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is called the poverty gap, and represents the ‘amount’ that the i individual requires

to reach the zj threshold to be considered as non-deprived regarding the j dimension.

Also, when α = 2, then gαij is called the severity indicator because it assigns greater

emphasis to the most deprived or lowest achieving individuals (Foster et al., 1984;

Alkire and Foster, 2011).

We depart from this definition and propose two particular modifications. First,

we strictly restrict our individual deprivation indicator to the case of α = 0 and

second we differentiate individual needs across demographic sub-population groups.

We follow discussing these two proposed modifications below.

In the case of the Alkire and Foster (2011) methodology, if the achievement

variable is ordinal, the gαij indicator is valid only for α = 0. Hence, as Alkire and

Foster (2011) also discussed, both g1ij and g2ij indicators could be defined only for

cardinal variables. Since most of the public policy indicators in use are ordinal, we

strictly use g0ij to define individual deprivation in our methodology.

On the other hand, in terms of differences in needs, current multidimensional

methodologies, as e.g. Alkire and Foster (2011) or Bourguignon and Chakravarty

(2003), among others, either assume equal needs across individuals or do not dif-

ferentiate them. In contrast, we propose to differentiate for each j achievement the

sub-population group where is relevant to be measured, namely its eligible population,

and to measure presence or absence of the j deprivation only within its eligible pop-

ulation. This feature of our methodology captures individual differences in needs.

It aims to close the gap between theoretically developed multidimensional indices

and policy oriented applications of them. As a result, our individual dimensional

deprivation indicator is formalized as

g0ij(ej) =


(
zj − aij
zj

)0

if aij < zj and i ∈ ej

0 otherwise,

(2)

where g0ij(ej) takes values of one or zero and ej denotes the j eligible population. We

define as unimportant for the measurement process any observed j achievement for

the i person that do not belong to the eligible population of such achievement. This

feature is common in policy oriented indicators. For instance, according to the Mil-

lennium Development Goals (MDG) launched by the United Nations Development

Program and adopted by several countries to achieve for 2015, the sub-population
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where evaluating universal access to primary education is primary school aged chil-

dren. Another example is the MDG of universal access to reproductive health, within

this goal its evaluated whether or not pregnant women receive antenatal care. Both,

access to primary education and access to reproductive health services, are relevant

to be measured only among their particular eligible population, which are children

aged 6 to 15 years old and pregnant women, respectively. We have as many S eligible

sub-population groups as J evaluated indicators and any two eligible populations are

not necessarily mutually exclusive.

3.2 Household metrics

Current policy oriented multidimensional indices of poverty that use the Alkire and

Foster (2011) methodology and select household as their unit of analysis, define as

dimensionally deprived any household where at least one of its households members is

deprived in such dimension. Examples of this approach are applications such Alkire

et al. (2013), Angulo et al. (2015), Alkire et al. (2015b), among others. However,

households of different sizes and compositions exhibit differences in needs.

Consider that each individual belongs to a particular household and that in

total there are R households, where household h contains sh members and the total

sum of household members across R households corresponds to the I size of the

population.

If, for instance, we define π as the probability of the i individual to be deprived

in the j dimension and assume that this probability is independent across persons,

then, the probability of the h household, sized sh, of being deprived in such dimension

is Pr(h|sh) = 1− (1−π)sh . In consequence, the probability of any household h to be

catalogued as deprived in the j dimension result in being an increasing function of

household size. Larger households tend then to show larger incidence of dimensional

deprivation that do not correspond entirely to worse off conditions but rather to

their demographic configuration as well. We demonstrate this empirical regularity

in Section 4 ahead on when illustrating our proposed approach.

We, therefore, propose to take into account differences in needs that households

of different sizes and compositions exhibit when expressing the burden that multi-
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dimensional deprivation places over the household, as we continue describing in the

next subsections.

3.2.1 Dimensional deprivation

In public policy context, the most well known and basic functional forms to compare

deprivation across populations are count-based and share-based structures. Whereas,

a count-based structure, as its name states, counts the number of deprived individ-

uals; the share-based structure represents the percentage of people in deprivation

in relation to its total eligible population. Applying a similar policy logic, we ex-

press the burden of deprivation experienced by the h household in the j dimension

under either, a count-based or a share-based structure. We follow describing both

approaches to measurement.

Let first define, for each household, the qhj total number of household members

that belong to the ej eligible population such that 0 ≤ qhj ≤ sh. Then, as a second

step, we define the dhj deprivation count for the j achievement as the number of

dimensionally deprived household members:dhj =
∑qhj

i=1 g
0
ij(ej). Finally, we express

the bhj burden of deprivation that the h household faces in the j dimension as

a function of the dhj deprivation headcount and the qhj headcount of the eligible

population. Thus, under a count-based approach bhj = dhj, and under a share-based

structure bhj = dhj/qhj.

Both, count-based and share-based structures, express the household burden of

dimensional deprivation under a cardinal approach to measurement. For instance,

let compare two households, X and Y, where household X contains one person and

household Y contains 3 persons. If both households have all their members facing

deprivation, using a count-based approach we obtain bX = dX = 1 and bY = dY =

3, respectively. Then, we can say that Y is three times as deprived as X (bY =

3bX). Under a share-based approach we also can compare the size of the burden of

deprivation among the two households.

However, both approaches can be considered as crude for comparing the burden

of deprivation across differently size and composed households. While the count-

based structure places greater emphasis on larger households without accounting for

any possible scale economy that might arise at this level; the share-based approach

places greater emphasis on small households as they are more prone to register the
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maximum possible burden of deprivation. For instance, if we come back to the

previous example of household X and household Y, using a count-based approach

we obtain bX = 1 and bY = 3, but the use of a share-based approach give us bX = 1

and bY = 1. In the count-based case, the Y household registers systematically

more experienced burden of deprivation, without taking into account that among

household members the burden of deprivation can be alleviated in some degree.

In the share-based case, in contrast, the burden of deprivation is understood as

equivalent across both households, without considering that still in household Y we

observe two more persons in deprivation than in household X, where only one person

is facing deprivation.

In general, share-based and the count-based approaches to measurement can

also be considered as particular metrics of inequality. For instance, for the share-

based approach, it could be argued that a variation in deprivation in the same pro-

portion for all households in the society will not increase inequality at the society

level. Conversely, for the count-based approach, there could be argued that an equal

absolute change in deprivation across every household from the distribution will keep

unaltered overall inequality. Both, count-based and share-based measures, have been

fully studied by the inequality literature, in particular the articles of Kolm (1976a,b)

refer to the share-based approach as the “relative” or “rightist” inequality structure

and the count-based approach as the “absolute” or “leftist” inequality structure. For

instance, the shortfall gap ratio ((zj−aij)/zj) introduced by Foster et al. (1984) and

used by Alkire and Foster (2011) can be considered as a relative metric to approach

inequality. It depicts the amount of need that the i individual registers in the j

achievement to reach the zj threshold in relation to the size of the threshold.

Although the discussion about the pertinence of absolute or relative indices to

analysing the distribution of the population within a particular achievement might

date from the 1970’s, there remains little agreement about which approach is more

pertinent for any society, mostly because both of them are based on value judgements

about what can be considered as just or unjust, and therefore any decision must be

context specific.

These two different conceptions of inequality, absolute or relative, can be mixed

by a function that reflects an intermediate type of inequality. Intermediate inequal-

ity measures have been proposed by Bossert and Pfingsten (1990) as a mixture of

12



the relative and absolute concepts of inequality, and also studied, among others,

by Chakravarty and Tyagarupananda (2009) for a specific subgroup decomposable

family of indices.

In particular, we propose to measure the bθhj burden that dimensional depriva-

tion places over the household with a functional form that enables capturing either

count-based, shared-based or a mixture of these two types of measures. In this vein

and following Cowell and Mercader-Prats (1999) and Buhmann et al. (1988) one-

dimensional equivalence scale presented in Eq. (1) from page 5, we first express our

bθhj burden of household dimensional deprivation as:

bθhj =
dhj

(qhj)θ
,

where 0 ≤ θ ≤ 1 is a deprivation response scale parameter that reflects the relativity

of the response of the burden of deprivation to the scale of household needs. It al-

lows to conciliate count-based, shared-based and intermediate approaches in a single

policy-oriented functional form. In case θ = 0 we are in presence of a count-based

approach and we say that there is no discounting in needs at all. In such case, the

household is assumed as not receiving any advantage from the cooperative unit and

therefore the burden that deprivation places over the household is not lighten in any

degree from the scale of the needs. On the other hand, when θ = 1 we are using a

share-based approach. In this case, bθhj reflects the greatest discount for needs and

the scale advantages that the household receives to lighten the burden of deprivation

are the largest possible.

As a result, the bθhj burden that dimensional deprivation places over the house-

hold is devised to reflect the value judgement considered to be more appropriate for

each particular context. For instance, coming back to our example of household X

and household Y, where sX = 1, sY = 3, bX = 1 and bY = 3, under a count-based

set of mind Y is 3 times as deprived as household X, under a shared based both X

and Y are considered equivalently deprived, and under a intermediate scenario with

θ = 0.5, we say that the Y household is 1.7 times as deprived as household X. Our bθhj

measure aims to inform, therefore, how much deprivation two households of different

sizes and compositions might exhibit to be considered as equivalently deprived under

each particular conception of inequality.
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Now, following Foster et al. (1984) and Alkire and Foster (2011), we introduce a

β ≥ 0 parameter of poverty aversion to assign increasing cost of hardship to the most

deprived dimensions, similar to the α parameter of poverty aversion introduced by

Foster et al. (1984) and used by Alkire and Foster (2011). This results in expressing

the burden of deprivation observed in the h household and the j dimension as:

bθ,βhj =


(

dhj
(qhj)θ

)β
if dhj > 0 and qhj > 0

0 otherwise,

(3)

where larger values of β indicate more aversion to deprivation and provide greater

emphasis to the most deprived dimensions. In particular, whenever β = 0, then bθ,βhj

takes the form of a {0, 1} indicator that shows absence or presence of deprivation.

The use of β = 0 commensurate deprivation with the lowest possible aversion. For

instance, take two households no matter the number of deprived individuals nor the

size of the population of reference, whenever both households have at least one house-

hold member facing deprivation, then bθ,0hj is equivalent between these two households

and takes the value of one.

On the other hand, when β = 1, the bθ,βhj burden of dimensional deprivation rep-

resent the number of deprived persons in the j dimension and h household. Whenever

β = 2, then bθ,βhj emphasizes hardship, most deprived households get assigned a larger

value of bθ,βhj and least deprived households a lower value.

Worth noting, however, that different combination of θ and β parameters, pro-

duce different bθ,βhj household rankings. Then, household comparisons across different

combinations of β and θ parameters are not consistent across each other. If we take

for instance a household consisting of two persons, where both persons belong to the

population of reference of the j dimension and are deprived in such dimension, the

dimensional burden of deprivation of the same household using bθ,βhj across different

θ and β result in b0,1hj = 2, b0.5,1hj = 1.4 and b1,1hj = 1. Household comparability is,

therefore, restricted by the use of a single combination of θ and β parameters. Only

when β = 0, the household ranking produced by bθ,βhj does not vary across different

values of θ, in this case bθ,βhj takes the form of a {0, 1} indicator of presence of at least

one deprived household member in the j dimension, no matter the θ value.

Current household-based applications of the Alkire and Foster (2011) method

compare household dimensional deprivation on the basis of bθ,βhj with θ = 0 and β = 0.
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Our approach, in contrast, proposes a wider set of parametric values to enhance

household comparability and that are selected according to the circumstances, as we

further discuss in Section 4 ahead on.

Before continuing into defining our household-based family of multidimensional

deprivation indices, we introduce our last dimensional household metric, the nθ,βhj size

of household dimensional needs as:

nθ,βhj =


(

qhj
(qhj)θ

)β
if qhj > 0

0 otherwise,

which can be simplified further as:

nθ,βhj =

{
q
(1−θ)β
hj if qhj > 0

0 otherwise.
(4)

It represents the extent of need that the h household experiences for the j achieve-

ment, while using θ and β to express the dimensional burden of deprivation. This

particular metric enables our methodology to capture differences in the size of the

dimensional needs across differently sized and composed household depending on the

combination of parameters that attenuate that size.

3.2.2 Multidimensional deprivation

Households can suffer deprivation across different dimensions at the same time. We

describe the burden that these multiple deprivations jointly place over the household

through the aggregate of the J dimensional deprivation indicators. In particular, we

express the mθ,β
h equivalent multidimensional burden of deprivation family of indices

as:

mθ,β
h =


∑J

j=1wjb
θ,β
hj(∑J

j=1wjn
θ,β
hj )θ

if
J∑
j=1

wjn
θ,β
hj > 0

0 otherwise,

(5)

where the interpretation and the range of values that mθ,β
hj can possibly take, vary

across the selected θ and β parameters. While the use of θ differentiates the scale

in which deprivation respond to needs, the use of β places greater emphasis on the

most deprived dimensions. For instance, the use of β = 1 implies that mθ,β
h counts

the number of observed deprivations across each j dimension, and the use of β = 0
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implies that mθ,β
h is counting the number of observed dimensions in deprivation.

Moreover, when θ = 0 and β = 0, mθ,β
h informs the weighted sum of dimensional

deprivations. Whereas, when θ = 1 and β = 0, mθ,β
h informs the proportion of

household multidimensional needs that are in deprivation.

Worth highlighting one particular metric, the m0,0
h . It corresponds to the

weighted sum of deprived dimensions when the denominator of the Eq. (5) is one;

which is the metric that is currently in use by the applications of the AF method

to rank households and identify among them the multidimensionally deprived. This

m
0,0
h metric expresses, then, the burden that multidimensional deprivation places

over the household without discounting by households needs at all. In this case, dif-

ferently sized and composed household are, therefore, assumed to exhibit the same

set of needs. The m0,0
h metric values each particular dimension in deprivation with

an equivalent absolute value, no matter different sizes of household needs.

As an example, let measure household multidimensional deprivation through

an index that evaluates jointly the employment and the education dimension. In

this example employment is measured by a {0, 1} indicator of presence or absence of

unemployment, relevant to be evaluated for persons aged in between 16 years old and

above. Education, similarly, is measured with a {0, 1} indicator of absence of school

attendance for 3 to 15 years old persons. Now, take two households, X and Y, where

the X household is made of a 35 years old person and the Y household is made of a 35

years old persons and a 5 years old children. Then, the demographic composition of

both households implies that the X household can possibility score deprivation only in

the unemployment indicator, whereas the Y household can possibly score deprivation

in both unemployment and school attendance. If we equally weight dimensions

and let both households have the employment dimension in deprivation. Then, the

burden that multidimensional deprivation place over the household measured by m0,0
h

in the case of this example takes the value of 0.5 for both households.

However, while the X household is having all their persons and possible dimen-

sions on deprivation, the Y household could be possibly deprived on the education

dimension but is not.

Then, if we measure the household burden of multidimensional deprivation with

mθ,β
h setting θ = 1 and β = 0, then, we say that under a share based approach or

relative value judgement of inequality (m1,0
h ), the X household is twice as deprived as
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the Y household. Specifically, despite b1,0X = b1,0Y = 1 in the employment dimension

and b1,0X = b1,0Y = 0 in the education dimension, the burden of multidimensional

deprivation discounting by the total size of household needs takes the value of m1,1
X =

0.5/0.5 = 1 and m1,1
Y = 0.5/1 = 0.5; which implies that mX = 2mY .

As a result, while the use of the m0,0
h metric in this example informs that both,

X and Y, households are equivalently deprived because in both cases the number

of observed deprived dimensions is one. Our mθ,β
h with any θ > 0 and β > 0, in

contrast, allows to express the burden of multidimensional deprivation discounting

by the size of household needs. Our mθ,β
h family of household measures is aimed to

provide comparable metrics across households of different sizes and compositions. It

varies across β and θ and enhances household comparability by taking into account

household multidimensional needs according to the value judgement selected as more

appropriate for each context.

Lastly, we remark that the functional form of our mθ,β
h multidimensional burden

of deprivation is proposed to be a weighted arithmetic count of deprivations. Ex-

pression that in fact could adopt other functional forms, as for instance, a harmonic

mean or a geometric mean, as the family of multidimensional welfare measures that

Seth (2010) proposes. However, we leave for further research the extension of our

particular approach to these types of means or any other functional form, and the

analytical implications that those approaches might bring.

3.2.3 Demographic sub-population group weights

When evaluating deprivation at the household level, not necessarily every household

member within the eligible population has the same relative importance in the j

achievement. For example, in the evaluation of unemployment, considered as rele-

vant for all aged 16 and over population, it might be more important parents having

job, rather than the young or older cohorts doing so. In this case the deprivation

experienced among adult population could be understood as if it places greater bur-

den of deprivation in the household than the unemployment faced across younger

cohorts. Then, in this example, we have three different relative importances to dif-

ferentiate the burden that individual deprivation places over the household. In other

words, in this example, analysts might find useful to differentiate the burden that
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employment places across three different population groups: persons aged from 16

until 24 years old, 25-64 years old population and 65 years old or older population.

Another example is school attendance evaluation across the school aged pop-

ulation, while absence of primary school attendance can be considered that places

greater burden of deprivation because leads to lower levels of attained education and

in some cases even to illiteracy. Absence from secondary school attendance could

be considered, in relation to primary education absence, as if places less burden of

deprivation over the household.

To operationalize this feature we introduce a set of J vectors of demographic

sub-population group weights to be applied to each individual at each j dimension.

We define, therefore, uj = [uij] as the row vector of individual weights for the j dimen-

sion, where each uij ∈ [0, 1] element corresponds to the j relative importance given

to the specific demographic sub-population group where the i individual belongs.

There are as many uij different elements for each j, as the number of sub-population

groups relevant to differentiate when evaluating the burden that deprivation places

in such dimension. The sum of individual weights across household members satisfies

0 ≤
∑sh

i=1 uij ≤ qhj for any j dimension.

Following the aforementioned example of employment deprivation and to illus-

trate the use of our individual weights, we set uj = [0 0.7 1 0.5], where u0−15 = 0

corresponds to the relative importance assigned to any person that is aged 0 to 15

years old. The relative importance of persons aged 16 to 24 years old is u16−24 = 0.7,

the relative importance of the 25 to 64 years old persons is u25−64 = 1 and the

relative importance of the elder population is u65+ = 0.5. Note that uij is equiva-

lent across persons within the same demographic sub-population group and different

across groups.

While the vector w of dimensional weights, introduced in Section 3.1 above,

places different relative importances across dimensions and does not vary between

individuals, the uj vector of individual weights is aimed to differentiate the bur-

den that deprivation places across demographic sub-population groups, within a j

particular dimension.

Specifically, uj enables to account for differences in the relative importance

across household members and to differentiate further household demographic com-
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positions. Also, while the sum of wj across the J dimensions always adds to one, the

sum of uij across J dimensions takes values in between 0 ≤
∑J

j=1 uij ≤ J .

The use of our uj vector of individual weights leads to express the size of the j

eligible population and deprivation headcount as follow:

qhj =

qhj∑
i=1

uij (6)

dhj =

qhj∑
i=1

uijg
0
ij(ej) (7)

Equations (6) and (7) are variants of the previously defined qhj and dhj measures

of Section 3.2.1. In particular, here and throughout this article, we accentuate the

indicators and indices scaled by our demographic composition weights uj denoting

them with blackboard bold fonts. Thus, the use of qhj and dhj to evaluate our

household metrics from Equations (3), (4) and (5), leads to express them as bθ,βhj ,

n
θ,β
hj and mθ,β

h , respectively.

We now move into describing our proposed approach for the identification of

the multidimensionally deprived.

3.3 Identification of the multidimensionally deprived house-
holds

Selecting household as the unit of analysis implies that the identification of the mul-

tidimensionally deprived occurs at the household level, rather than at the individual

level. Individuals are categorized, therefore, as multidimensionally deprived or non-

deprived always with regards to the household identification result. Hence, within a

multidimensionally deprived household, all household members are identified as mul-

tidimensionally deprived; and conversely, within a multidimensionally non-deprived

household, all household members are identified as multidimensionally non-deprived.

Multidimensional deprivation is therefore understood, within this framework, as a

phenomenon that household members share. For instance, while child mortality

refers to a particular episode that is suffered by children, it could be argued that it

affects the household as a whole. The living conditions and behaviours of household

members might reduce or increase the frequency of such situation. We approach
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deprivation as a household-based measure, under the premise that households face

deprivation collectively.

Three different approaches to identify the most deprived population can be

recognized in literature for counting multidimensional indices of deprivation: i)

the union procedure, ii) the intersection procedure, and iii) the dual-cut off point.

Whereas the union approach identifies as the most deprived population that is de-

prived in any dimension, the intersection approach identifies as multidimensionally

deprived the population that exhibits all dimensions in deprivation. The last identi-

fication procedure developed by the literature is the ‘dual cut-off’ method, proposed

by Alkire and Foster (2011). This dual cut-off method constitutes itself an interme-

diate approach that lies between the union and the intersection approach. In fact,

both the union and the intersection approach are special cases for the dual cut off

point method. This method firstly places thresholds in each single dimension and

identifies the population suffering deprivation there; secondly recognizes as the most

deprived population the one that lies below a threshold, which is the weighted sum

of total possible deprivations that are considered as enough to identify a person as

poor.

While the union approach can produce misleading results, identifying as mul-

tidimensionally deprived some people who exhibit deprivation is some dimensions

by decision rather than by necessity. The intersection approach, in contrast, can be

said is too strict and consequently identifies as poor only the very lowest section of

the distribution. In particular, we use the dual cut off point procedure. As Alkire

and Foster (2011) pointed out, such identification procedure allows to consider as

multidimensionally deprived not only households that have all achievements under

deprivation nor only households that have at least one achievement under depriva-

tion.

However, while the AF methodology proposes to identify the multidimensionally

deprived population on the basis of their weighted sum of deprived dimensions (our

analogous m0,0
h ), we propose to define multidimensional deprivation on the basis of

any mθ,β
h , or combination of them, depending on the context.

In particular, for a given combination of θ and β, we identify as multidimen-

sionally deprived, any household such that mθ,β
h ≥ k, where k is a multidimensional

deprivation threshold. This means that there can be as many identification criteria
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as β and θ combinations of parameters we consider relevant for the identification of

the multidimensionally deprived households. For instance, if we consider relevant for

the identification of the multidimensionally deprived population both, the equivalent

weighted sum of dimensions in deprivation (m0,0
h ) and the equivalent weighted sum

of deprivations (m0,1
h ), one could therefore define as multidimensionally deprived any

household such that m0,0
h ≥ k0,0 and m0,1

h ≥ k0,1.

As an example, if we identify as multidimensionally deprived any household

where the relative equivalent weighted sum of deprivations is at least 30% of its possi-

ble maximum value, then we say that the h household is multidimensionally deprived

if m1,1
h ≥ 0.3. As another example, if we identify multidimensionally deprived as any

household with an equivalent weighted sum of dimensions in deprivation m1,0
h ≥ 0.4

and an equivalent weighted sum of deprivations m1,1
h ≥ 0.3, then, any household

such that m1,0
h ≥ k1,0 = 0.4 and m1,1

h ≥ k1,1 = 0.3 is classified as multidimensionally

deprived.

However, for the sake of simplicity we henceforth focus on using only one k

threshold of eligibility and leave open the use of additional thresholds to identify

multidimensionally deprived households for further possible applications of our pro-

posed methodology. Our proposed identification of the multidimensionally deprived

results in a ph binary indicator of multidimensional deprivation:

ph =

{
1 if mθ,β

h ≥ k

0 otherwise,
(8)

where k is the identification threshold of multidimensional deprivation to be applied

overmθ,β
h and ph = 1 denotes that the household h is identified as multidimensionally

deprived. We now proceed to present in the section below our household-based family

of deprivation indices at the society level.

3.4 The societal family of measures

First, let introduce our most crude metric to represents the over-all society multidi-

mensional deprivation incidence:

P =
1

R

R∑
h=1

ph. (9)
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It informs the proportion of households in the society that are facing multidimen-

sional deprivation. In case we assume all households in society sized one and there-

fore the identification of the multidimensionally deprived population is done at the

individual level, then P informs the proportion of multidimensionally deprived indi-

viduals in the society.

Note that our P metric, as the H multidimensional headcount metric of the

Alkire and Foster (2011) as well, can be expressed as a population mean such that

P =
∑R

h=1Qhph/I, where the ph household indicator of multidimensional deprivation

is equally applied over each household member. However, while the H metric is

obtained at the household level assuming equivalence across any different household

composition and size, our P metric accounts differences in need that differently

composed and sized household might exhibit. More precisely, the Alkire and Foster

(2011) H indicator corresponds to our P only in the particular case where uij is

defined as the unity across any i individual and j indicators and the identification of

the poor is done sorting households strictly with them0,0
h burden of multidimensional

deprivation.

In terms of the range of scale, our P metric takes values between zero and one. If

all households in the society are non-multi-dimensionally deprived, then P = 0 and if

all households in the society are multidimensionally deprived then P = 1. However,

worth noting here that whenever the identification of the multidimensionally deprived

is done at the household level, multidimensional deprivation is obviously not evalu-

ated at the individual level and therefore P = 1 does not imply that all individuals in

the society are multidimensionally deprived. In contrast, implies that all individuals

in the society belong to multidimensionally deprived households. Similarly, P = 0

does not imply that all individuals in the society are non-multidimensional deprived;

implies that all individuals in the society belong to non-multidimensionally deprived

households.

We are now defining our family of multidimensional deprivation indices. The

societal mean burden of multidimensional deprivation is defined as

Mθ,β =
1

R

R∑
h=1

phm
θ,β
h . (10)

Whenever θ = 1, multidimensional deprivation is evaluated using a share based

approach and Mθ,β takes values in the interval [0, 1]. Conversely, whenever θ =
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0, multidimensional deprivation is evaluated under a count-based or an absolute

approach to measurement. In particular, whenever all individuals in the society that

belong to the eligible population of the j-achievement are non-deprived, or when

all individuals in the society belong to multidimensionally non-deprived households,

then Mθ,β = 0. Also, whenever all households in the society are considered as

multidimensionally deprived and are deprived in all their possible dimensions, then

Mθ,β corresponds to the societal mean of the experienced multidimensional household

needs, Mθ,β = µ(nθ,βh ). Only in the case of θ = 1, µ(nθ,βh ) = 1.

The comparable measure of our methodology with the Alkire and Foster (2011)

method corresponds to M0,0. In spite of the theoretically developed AF metrics are

proposed to take values in the interval [0, 1], differences in needs lead the M0,0 index

or in general any Mθ,β with θ = 0, to exhibit a maximum value that commensurates

the actual size of the societal multidimensional needs.

On the other hand, special interest deserve our Mθ,β societal mean metrics eval-

uated on the multidimensionally deprived population. In case θ = 1, Mθ,β evaluated

on the multidimensionally deprived population informs the societal proportion of

needs that are under deprivation among the multidimensionally deprived popula-

tion. Similarly, the Mθ,β with θ = 0, evaluated on the multidimensionally deprived

population informs the mean size of the deprived multidimensional needs among the

multidimensionally deprived population. Finally, under an intermediate approach,

where 0 < θ < 1, the Mθ,β evaluated on the multidimensionally deprived popula-

tion indicates the mean societal intermediate burden of multidimensional deprivation

among the multidimensionally deprived population.

We now proceed to evaluate the implications of different possible combinations

of β and θ parameters to identify the multidimensionally deprived population. Such

analysis is done with the empirical illustration that is presented in the section below.

4 Who are identified as the most deprived across

measures?

Most of the current policy-oriented multidimensional indices that use the house-

hold as their unit of analysis identify household dimensional deprivation in terms

of whether or not there is at least one household member facing deprivation. The
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households are then compared in terms of a number of deprived dimensions. This

particular approach corresponds to using our b0,0 indicator to describe the burden

of household dimensional deprivation and to identify multidimensionally deprived

households on the basis of m0,0. In this section, we analyse who are identified as

multidimensionally deprived when using this particular approach in comparison to

the effects of the identification of the most deprived under other possible members

of our family of measures.

For the illustrative purposes of this section and Section ??, we built a household-

based multidimensional deprivation index using the household survey micro-data

that described below.

4.1 Data

We use the 2013 Paraguayan Household Survey - PHS. The PHS is a cross-sectional

living conditions survey, that has been collected yearly since 1984 by the Paraguayan

National Statistical Department. Refereed to as the Encuesta Permanente de Hog-

ares, it captures a broad range of living conditions indicators. The questionnaire

of the PHS 2013 includes information regarding education, health, labour market,

individual income, dwelling conditions, international migration and a special module

for agriculture and forestry activities.

The 2013 PHS sample was designed through a two-staged, clustered probabilis-

tic sample design that was stratified in the first stage. It aims to provide estimates

for income poverty, inequality and some key quality of life descriptors. The sample

allows for total national, urban and rural area estimates, as well as for disaggrega-

tion throughout 7 geographical domains. The first geographical domain corresponds

to Asunción, the Paraguayan capital city. The next five domains correspond to

five national counties and the last domain corresponds to the aggregation of the 12

remaining Paraguayan countries.

During 2013, the PHS was collected over a sample of 21,207 persons, across

5,424 households. In terms of survey non-response, 9.96% of the selected households

were either not found, refused the interview or had no respondent at home. In order

to correct for such non-response and to allow the sample to resemble the overall
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structure of the Paraguayan population, the Paraguayan statistical department de-

signed a set of weights. We use this set of weights, available alongside the micro-data,

to estimate the descriptive statistics presented in this illustration.

Table 1 below describes the example of the multidimensional deprivation in-

dex that we use for this illustration. In particular, our index example captures

information on health, education and dwelling conditions across four deprivation

indicators: health insurance non-coverage, non-school attendance, literacy and sub-

standard housing. Out of the 21,207 persons, we excluded from the analysis 264

observations that do not belong to the household unit, i.e. domestic personnel, and

34 observations where there was non response to at least one of our four selected

indicators. Thus, our effective sample is made of 20,909 interviewed persons across

5,423 households.

Table 1: Example of multidimensional indicator: Dimensions, indicators, weights,
eligible population and deprivation criteria

Well-being
dimension

Deprivation
indicator

Eligible population
where the indicator

is relevant to
be measured

A person from the eligible
population is
deprived if:

Health

Health insurance
non-coverage

[0.33]
Any person

Does not have access to
health insurance coverage.

Education

Non-school
attendance

[0.17]

5 - 17 years old
population

Is not attending school.

Illiteracy

[0.17]
Population 18
years old and over

Do not know how to read
and write.

Dwelling
conditions

Sub-standard
housing

[0.33]
Any person

Lacks at least 2 of the
following 3 dwelling
conditions: flooring
different from earth or
sand; adequate material of
ceilings**; adequate
material of walls***.

Notes: Numbers within squared brackets below the label of each variable denote the relative importance (wj-weight)
assigned to this particular variable within the over-all indicator; the sum of them adds 1. **Inadequate ceiling
material refers to the following: Straw, eternit, clapboard, palm trunk, cardboard, rubber, packaging timber, other.
***Inadequate wall materials refer to the following: wattle, mud, wood, palm trunk, cardboard, rubber, wood,
another material, or no wall at all.
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4.2 Dimensional deprivation

When expressing household dimensional deprivation, the size of the eligible house-

hold population for the j-dimension, the combination of β and θ parameters and the

set of individual weights (uj) determine the scale of our bθ,βhj measured burden of

dimensional deprivation. In particular, if we set β = 0, then bθ,βhj takes the form of

a {0, 1} indicator of absence or presence of at least one deprived household member

in the h household and the j dimension. This corresponds to the household dimen-

sional metric that multidimensional application that use the household as the unit

of analysis use to capture dimensional deprivation. Table 2 presents the proportion

of households with at least one deprived person from the eligible population, across

household size, which corresponds to our bθ,βhj burden of dimensional deprivation

when β = 0. For instance, the first row of the table includes the mean results for

households consisting of one person, which correspond to 593 out of the 5,423 eval-

uated Paraguayan households. Results indicate that, in general, larger households

register a larger proportion of deprivation in each indicator than smaller households.

This relation is mostly evident on indicators such as health insurance non-coverage

or non-school attendance, where the number of persons in the eligible population

of each of those dimensions increases as the household size increases. For instance,

the non-school attendance indicator for households consisting of one person is 0.0%,

and for households consisting of 7 or more persons, it is 3.21%. Since the eligible

population of this indicator corresponds to children of ages 5 to 17, households of one

person do not have members from that eligible population. Therefore, there is no

deprivation in such a dimension. On the contrary, larger households register larger

amounts of school aged children at home.

We point out that the use of b0,0
hj to describe household dimensional deprivation,

as most of the current household-based applications do, corresponds to a crude metric

to describe household dimensional deprivation and it might be portraying a biased

picture of societal deprivation profiles. Describing household dimensional deprivation

through b0,0
hj might be reflecting not only differences in deprivation across households,

but also intrinsic household demographic heterogeneity.

The use of β = 1, on the other hand, implies that the bθ,βhj burden of dimensional

deprivation is based on the count of household members facing deprivation in the

j dimension, the size of the j eligible household population, the selected individual
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weights and the θ parameter of the response scale of needs. Figure 6 within the

Appendices plots the mean bθ,βhj burden of deprivation when β = 1 across household

size and different values of the θ parameter response scale to needs. The larger the

θ parameter, the more responsive bθ,βhj is to the scale of needs. Then, as expected,

the use of θ = 0 implies the greater linear relation of the bθ,βhj indicator with regards

to the size of the eligible household population.

The use of a different combination of the θ and β parameter to describe house-

hold dimensional deprivation embeds different value judgements and produces dif-

ferent household rankings consistent with the most appropriate value judgement for

each context. We continue analysing the implications of the use of these different

combinations of θ and β parameters when analysing household-based multidimen-

sional comparisons.

4.3 Household-based multidimensional deprivation compar-
isons

Each member of our mθ,β
hj family of household-based indices measures the burden

of household multidimensional deprivation differently across the combination of β

and θ parameters. While the use of β = 0 informs the household weighted count of

dimensions on deprivation, the use of β = 1 reflects the household weighted count of

deprivations across all dimensions. On the other hand, the selection of the θ response

Table 2: Proportion of households with at least one deprived person from the
eligible population (%)

Persons per
household

Number of
households

Health
insurance

non-
coverage

Non-school
attendance

Illiteracy
Sub-

standard
housing

1 593 22.51 0.00 1.70 7.57
2 836 23.97 0.33 2.57 7.21
3 1,135 26.26 0.44 1.63 5.09
4 1,108 26.58 0.70 1.62 5.67
5 771 27.94 1.19 1.59 6.57
6 466 30.45 1.42 1.88 7.49

7 or more 514 31.40 3.23 3.50 9.29
Total 5,423 26.61 0.87 1.96 6.61

Source: PHS 2013. Note: Estimated population means are produced using the weighting system that corrects for
non-response and structure of the population, provided by the National Statistical Department.
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scale parameter leads us to compare households, either in terms of a count-based ap-

proach or a share-based approach to measurement. In case β = 1, selecting θ = 1

implies that we are comparing households in terms of the number of observed house-

hold deprivations with respect to how many dimensions in deprivation the household

can possibly score. The use of θ = 0, in contrast, leads to compare household in

terms of the number of exhibited deprivations without discounting by needs. Both

share-based and count-based approaches to measurement have embedded ethically

non-neutral judgements and lead to different household rankings.

Current counting policy-oriented applications of multidimensional indices, based

on the AF method, compare households and identify the multidimensionally deprived

on the basis of the m0,0 index. Our particular approach to measurement extends

the m0,0 measure to enhance household comparability by providing a wider range of

possible combinations of θ and β parameters that allow the comparison of households,

taking into account not only an absolute approach to measure deprived dimensions,

but also the relative and intermediate approaches to measurement.

Figure 1 plots the obtained Paraguayan mean mθ,β equivalent burden of mul-

tidimensional deprivation across household size and different values of β and θ pa-

rameters. The smaller the θ parameter, the larger the observed difference between

small and large households.

As a result, household multidimensional deprivation comparisons based on m0,0

exclusively depict one particular approach to measurement. We argue, however,

that deprivation count distributions can also be understood from other combination

of θ and β parameters. The combination of parameters that is most appropriate to

rank household deprivations and identify the multidimensionally deprived population

should be tailored according to the specific context.

If, for instance, we test whether or not the households consisting of seven or

more persons exhibit more deprivation than households consisting of one person,

on the basis of m0,0, we found that households consisting of seven or more persons

exhibit more deprivation than households consisting of one person. However, when

performing the same test, but ranking households with the use of m1,1, not for ev-

ery tested point larger households exhibit more deprivation than smaller households.

We performed this test following the dominance approach proposed by Aaberge and

Brandolini (2014b) for deprivation count distributions. We defined seven consecutive
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Figure 1: Mean mθ,β equivalent burden of multidimensional deprivation across
household size and different values of β and θ parameters

Source: PHS 2013. Note: Estimated population means are produced using the weighting system that corrects for
non-response and structure of the population, provided by the National Statistical Department.

possible K-thresholds from the interval [0,1], where m0,0 and m1,1 take values. Then

we calculated the cumulative share of households that suffer from deprivation in at

most K, for each case. Figure 2 plots the results of this test. The vertical axis of

the figure indicates the cumulative proportion of household that suffer deprivation

of a K burden of multidimensional deprivation at most. Triangle markers in the

figure denote households consisting of 7 or more persons and circle hollow markers

denote households consisting of one person. In the case of m0,0 (panel a from the

figure), for each K -threshold, households made of one person lie ahead households

consisting of seven or more persons, indicating that smaller households exhibit less

deprivation than larger households. On the contrary, when using m1,1, not neces-

sarily larger households dominate at every k-threshold smaller households; the two

cumulative deprivation distributions cross each-other and can not be ordered thought

this criteria.

Moreover, if the purpose of the analysis is to inform societal multidimensional

deprivation incidence, based on identifying the most deprived households, the dif-

ferences in the incidence of multidimensional deprivation across household sizes ob-

served when using different mβ,θ to rank households, underscore that societal mul-

tidimensional deprivation comparisons based on m0,0
hj might be providing a biased

picture of multidimensional deprivation.
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Figure 2: Cumulative distribution of m0,0 and m1,1 for households consisting of one
person in comparison to households with seven or more persons

(a) m0,0 (b) m1,1

Source: PHS 2013. Note: Estimated population means are produced using the weighting system that cor-
rects for non-response and structure of the population, provided by the National Statistical Department.

To illustrate this point, we rank households from most deprived to least deprived

and select as multidimensionally deprived the first 40% most deprived households

using each mθ,β. Then, we compare the results obtained across different combination

of parameters and household sizes. Figure 3, below, plots the results of this exercise.

An absolute approach to measurement where each deprivation in the society has

equal absolute value corresponds to ranking households on the basis of mθ,β when

β = 1 and θ = 0, this particular case is plotted with circle markers in the Figure.

This normative perspective lead always to portrait higher incidence of multidimen-

sional deprivation among larger households than across smaller households. On the

other hand, a relative approach to measurement correspond to mθ,β when β = 1

and θ = 1, triangle markers in the Figure. In this latter case, more than 60% of

households consisting of one person are catalogued as multidimensionally deprived

and in about 40% of households consisting of 7 or more persons are catalogued as

multidimensionally deprived. The results of any of the other possible combination

of parameters lie in between these two corner solutions and therefore correspond

to intermediate approaches to measure the household burden of multidimensional
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deprivation.

Worth highlighting the m0,0 case, which corresponds to x markers in the Figure.

As observed, m0,0 results in being an intermediate approach to measure the burden

of household multidimensional deprivation. Specifically, in the household based case

m0,0 does not correspond to an strictly absolute approach to measurement because it

does not equally value each observed deprivation. Instead, it counts each dimension

in deprivation, which for households imply that a household with two persons on

j deprivation is catalogued as equivalently deprived with regards to a household

with one person with a j deprivation. The m0,0 case lie in between the absolute

and the relative approach to measurement. The use of this particular combination

of parameters to measure the burden of multidimensional deprivation and identify

the most deprived, lead classifying 35.8% of households consisting of one person as

multidimensionally deprived and 60.2% of the households consisting of seven or more

persons as multidimensionally deprived.

However, how much of these observed differences in multidimensional depriva-

tion across households of different sizes and compositions correspond to differences in

actual experienced deprivation? In other words, are the observed differences reflect-

ing household demographic heterogeneity? To rule out the amount of deprivation

observed across households given a non-random pattern and to be able to compare

how much of these differences are still observed across households with a complete

random deprivation pattern among them, we simulated a random allocation of the

observed individuals across households 1000 independent times. After each simu-

lated random household reconfiguration we evaluated, across household sizes, our P

multidimensional deprivation incidence, when using different combinations of mθ,β.

Figure 4 plots the results obtained from this simulation analysis.

Despite households being composed from randomly selected individuals, as ex-

pected, the use of a counting measure of household multiple deprivations without

discounting by needs at all, i.e. mθ,β with β = 1 and θ = 0, leads households consist-

ing of one person to register a systematically lower proportion of multidimensional

deprivation than households made of seven or more persons. In this case our sim-

ulated results report a difference of incidence between households consisting of one

person and households sized 7 or more of about 100 percentage points.
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Figure 3: P Proportion of multidimensionally deprived households across
household size, when using different mθ,β burden of multidimensional deprivation

to identify the most deprived

Source: PHS 2013. Note: Estimated population means are produced using the weighting system that corrects for
non-response and structure of the population, provided by the National Statistical Department.

Similarly, our simulation results indicate that the use of the AF proposed

weighted count of deprived dimensions (m0,0) to identify multidimensionally de-

prived households, induces to observe a persistent difference between larger and

smaller households of 54 percentage points.

On the other hand, the used of a share-based approach (mθ,β with β = 1 and

θ = 1) induces households consisting of one person to have in average a greater

proportion of multidimensionally deprived households than households sized 7 or

more persons of about 20 percentage points.

Moreover, we performed 1000 independent simulations for 100 different values

of θ ∈ [0, 1]. The results of these simulations suggest that while the use of β = 0, no

matter the value of θ induces larger households registering larger multidimensional

deprivation incidence, the use of β = 1 and a a particular value of θ is able to depict

as equivalently deprived any two households of different sizes and compositions with

a randomly deprivation pattern. However, the most appropriate value of θ is context

specific and must be tailored according to each context.
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Figure 4: Simulation results using different mθ,β to rank households

Source:
PHS 2013. Note: results obtained upon simulating 1000 independent times a rearrangement of the population across
households.

One might argue, nonetheless, that heterogeneity of needs is mainly observed

across households and therefore selecting individuals as the unit of analysis, rather

than households, might avoid comparing heterogeneous units. We point out that

differences in needs are also observable across individuals and our family of multidi-

mensional deprivation indices can also be applied under an individual-based scenario

to enhance individual comparability, which is further illustrated in the next section.

5 The individual-based case scenario

In our 2013 Paraguayan illustration each individual indicator by definition is relevant

to be measured within a particular population of reference. While school attendance

is relevant to be measured for school aged children (5-17 years old), illiteracy is

relevant to be measured across the population aged 18 and over. Only the health

insurance coverage and the dwelling conditions indicator are relevant to be evaluated

across all population subgroups. The use of a different eligible population across di-

mensions, makes visible the fact that different population subgroups exhibit different
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needs and the individual indicators as such capture them; which is a feature of most

of the indicators currently in use by policy makers.

To illustrate an individual-based scenario in this Section we use the same 2013

PHS example of multidimensional indicator presented in Section 4 above. But, here

in contrast, we assume all households in the society sized one (sh = 1∀h). Table

3 below presents for each particular considered deprivation indicator, the eligible

population where the indicator is relevant to be measured, the number of observed

persons in that eligible population and the proportion of deprived persons within

the eligible population. As an example, deprivation in school attendance is relevant

to be measured within school aged children, which comprise 5,706 person out of the

total 20,909 observed. According to the PHS 2013, 6.05% of the school aged children

are deprived in school attendance.

Under this individual-based scenario, no household economies of scale are taken

into account when expressing the dimensional deprivation measures and each person

is therefore accounted independently. This means that our bθ,βhj burden of dimensional

deprivation, for any θ and β combination of parameters and in particular when

assuming equivalent sub-population group weighting system (∀ij : uij = 1), remains

equivalent to the g0ij(ej) individual deprivation indicator.

Table 3: Observed individual dimensional deprivation

Deprivation
indicator

(1)

Eligible
population
where the

indicator is
relevant

(2)

Number of
observed persons

in the eligible
population

(3)

Proportion of
deprived persons

in the eligible
population

(4)

Health insurance
non-coverage

Any person 20,909 70.92

Non-school attendance
5 - 17 years old
population

5,706 6.05

Illiteracy
18 years old
population and
over

13,405 5.81

Sub-standard housing Any person 20,909 20.70

Source: PHS 2013. Note: Estimated population means are produced using the weighting system that corrects for
non-response and structure of the population, provided by the National Statistical Department.
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On the other hand, in terms of the multidimensional burden of deprivation,

our mθ,β index vary across θ and remains equivalent across different values of the β

parameter, while using an equivalent sub-population group weighting system.

Figure 5.a plots the mean mθ,β equivalent burden of multidimensional depriva-

tion when β = 0 across different values of θ. Circle hollow markers in the Figure

represent the mean m0,0 burden of multidimensional deprivation across different de-

mographic population sub-groups; which correspond to a count-based approach to

measurement where each individual deprivation has an equal absolute value. Under

this value judgement, the mean burden of multidimensional deprivation of children

under five years old is 12% greater than the burden of multidimensional deprivation

observed in the 65 years old and older population. However, under a share-based

approach, where the burden of deprivation is measured in relation to how many di-

mensions each person can possibly exhibit as deprived (m1,0), children under five

years old register 40% greater burden of multidimensional deprived dimensions than

population 65+. The difference observed in the mean m0,0 and the mean m1,0 is re-

flecting the fact that, in this example, children under five years old only can possibly

score deprivation in two out of the four considered indicators, whereas persons 65+

can possibly score deprivation in four out of the four considered indicators.

Similar to the household-based case, in the individual-based scenario the ob-

served demographic heterogeneity not taken into account in the measurement process

leads multidimensional deprivation indices to identify as most deprived the popula-

tion sub-groups with larger scoring possibility within the designed index. In particu-

lar, Figure 5.b plots the mean multidimensional deprivation incidence P obtained on

the basis of comparing individuals with mθ,β and different β and θcombination of pa-

rameters. While the use of the m0,0 metric to rank individuals informs that incidence

of multidimensional deprivation is larger across 65 years old or older population than

across children aged 0 to 4 years old, the use of m1,0 informs that children aged 0

to 4 years old face greater multidimensional deprivation incidence than population

aged 65 years old or older.

We argue, therefore, that the observed differences in the individual-based multi-

dimensional deprivation profiles might reflect not only actual experienced deprivation

but also demographic heterogeneity not addressed by the measurement process. Our
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Figure 5: Observed individual-based measures across sub-population groups by age
range and different values of θ

(a) Mean mθ,β equivalent burden of
multidimensional deprivation

(b) Mean P multidimensional
deprivation incidence

Source: PHS 2013. Note: Estimated population means are produced using the weighting system that corrects for
non-response and structure of the population, provided by the National Statistical Department.

mθ,β family of multidimensional deprivation indices is proposed to enhance interper-

sonal comparability thought the combination of θ and β defined as more appropriate

for each context.

6 Discussion

Identifying a multidimensionally deprived population at the household level embeds

several assumptions and normative definitions that vary from context to context. In

fact, Sen (1979) indicates the following as a good practice for the general poverty

measurement exercise: “There is very little alternative to accepting the element of

arbitrariness in the description of poverty, and making that element as explicit as

possible.” (Sen, 1979, p.288). In light of this, in this section we discuss the as-

sumptions and normative definitions embedded in our proposed multidimensional

deprivation family of indices, along with the advantages that they provide over cur-

rent multidimensional measures in the literature.

The underlying assumption behind the selection of the household as the unit

where multidimensional deprivation occurs is that households behave as a collective
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unit. The behaviour of the household as a collective unit has been broadly studied

by the economic literature and there is no consensual evidence of whether or not

household members pool risk among each other to protect the collective unit from

adverse shocks. A classic example in the literature of risk pooling evidence at the

household level, is the Townsend (1994) study for three poor high risk Indian villages;

in that particular setting he found that contemporaneous household consumption is

not dramatically influenced by transitory shocks, such as unemployment or sickness

among others. However, there is also evidence that individual risk is only partially

pooled among household members because competitive objectives across them might

arise; examples of this evidence are studies such as Hayashi et al. (1996), Doss (2001),

or Dercon and Krishnan (2000); all of them suggest absence of full risk pooling among

members but partial and heterogeneous risk pooling depending on characteristics

such as age, gender and cultural traditions, among others, in each of those analysed

contexts.

The multidimensional deprivation family of indices that we propose in this ar-

ticle has been developed under the assumption that household members jointly face

deprivation, whenever it occurs to a particular member. As a matter of fact, we

describe the burden of deprivation of the household as an additive function of the

individual members deprivation status.

Our family of multidimensional indices applies the common practices of the

parametric income or expenditure equivalence scales literature and as a result allow

multidimensional deprivation measurement to: i) account for the different needs that

demographically dissimilar households experience; ii) differentiate the burden that

deprivation places over differently composed households; iii) deem for the context

specific economies of scale that arise at the household level. We follow discussing the

normative definitions that our proposed approach imply when bringing these three

characteristics into the measurement of multidimensional deprivation.

Since demographically dissimilar individuals experience a different set of needs,

our family of indices do not ignore these heterogeneity and on the contrary, formalize

the use of different populations of references for each of the dimensions taken into ac-

count within the multidimensional measurement. While previous multidimensional

methodologies ignore this issue and implicitly assume that each dimension is sup-

posed to be measured across all individuals. Our proposed approach allows to define
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for each dimension the population where is relevant to be measured. The formal-

ization of these differences in the measurement process make visible the normative

selection that is embedded in the variable selection of a multidimensional indicator.

As a result, our proposed technology allows to incorporate in the measurement pro-

cess the fact that households of different sizes and compositions experience different

combination of needs.

To include differences in household composition, our family of measures uses

a sub-population group individual weighting system. This individual set of weights

allow to describe the household joint suffered deprivation, either as fully pooled

across members or partially pooled, depending on observable characteristics. In

particular, fully pooled deprivation is enabled through the use of a sub-population

group individual weighting system where each person is equally weighted across the

household dimensional deprivation.

On the contrary, the description of partially pooled deprivation requires to set

these individual weights according to either assumptions on the relative importance

that deprivation in one member is translated into deprivation at the household level,

or based on empirical findings as the ones provided by Hayashi et al. (1996), Doss

(2001), or Dercon and Krishnan (2000), among others. The use of this sub-population

group individual weighting system, in the first case, constitutes then a normative

definition.

As illustrated on Section 4 above, our measures become sensitive to the house-

hold composition whenever this set of weights assigns different values across different

sub-population groups within each particular dimensional population of reference.

This is the methodological particularity that enables the family of measures to dif-

ferentiate the burden that deprivation places into two equally sized households but

with different demographically distribution might have.

On the other hand, the selection of parameters to be used to identify the mul-

tidimensionally deprived population and to inform the aggregated societal measures

constitutes as well an important normative definition. There is no correct or incor-

rect section of parameters. However, each combination produces different household

rankings and therefore it can be utilized according to the circumstances. As we have

shown in the empirical section, while a society as the 2013 Paraguayan case with

4.3 persons per average household have shown that the deprivation at the household
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is responsive to the scale of the household needs; other situation can be observed

in differently demographically composed society. The latter case was demonstrated

while presenting the results of simulating an individual based society.

Finally, other two relevant normative definition that our measures require cor-

respond to the relative dimensional importance to obtain the joint distribution of

the multiple dimensions in deprivation and the definition of the threshold to iden-

tify the multidimensionally deprived population. In general, the selection of the

multidimensional threshold and the dimensional weights, is devised by each of the

multidimensional indices on the basis of the different purposes of the measure. Our

proposed identification thresholds and dimensional weights correspond to this tra-

dition and can be assigned by different alternative procedures. For a discussion

of different alternative procedures to set weights in a multidimensional index see

Decancq and Lugo (2013).

Yet, within this framework we can recognize the limitations that a parametric

equivalence scale of the type that we propose has. It does not differentiate between

needs and preferences and do not address the complexities when complementarity

and substitutability among dimensions can be observed. Moreover, we account for

household needs based on a limited number of attributes (i.e. household size and

composition), similar to the case of income or expenditure measures, as Flückiger

(1999) and Cowell and Mercader-Prats (1999) highlight.

Nonetheless, our proposed approach allows multidimensional measures to be

constructed upon household comparisons that account for differences in the house-

hold demographic configuration that previous measures fail to take into account. As

a result, our multidimensional deprivation methodology, is meant to be: first, appli-

cable for the purposes of policy. Second, suitable for contexts, either where risk or

resources are arguably pooled across household members; or where public policies

are designed to be targeted at the household level. And third, it is meant to provide

a tool to track the joint distribution of household multiple deprivations at the society

level and across different household-subgroups.
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Appendices

Figure 6: Burden of dimensional deprivation bθ,β with β = 1 across household size
and different θ parameters response scale to needs

Source: PHS 2013. Note: Estimated population means are produced using the weighting system that corrects for
non-response and structure of the population, provided by the National Statistical Department.
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