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Abstract

Important steps have been taken at international summits to set up goals and targets to improve the
wellbeing of children wortldwide. Now the wotld also has more and better data to monitor progress. This
paper presents a new approach to monitoring progress in child poverty reduction based on the Alkire and
Foster adjusted headcount ratio and an array of complementary techniques. A theoretical discussion is
accompanied by an assessment of child poverty reduction in Bangladesh based on four rounds of the
Demographic Household Survey (1997-2007). Emphasis is given to dimensional monotonicity and
decomposability as desirable properties of multidimensional poverty measures. Complementary techniques
for analysing changes over time are also illustrated, including the Shapley decomposition of changes in overall
poverty, as well as a range of robustness tests and statistical significance tests. The results from Bangladesh
illustrate the value added of these new tools and the information they provide for policy. The analysis reveals
two paths to multidimensional poverty reduction — either decreasing the incidence of poverty or its intensity
— and exposes an uneven distribution of national gains across geographical divisions. The methodology
allows an integrated analysis of overall changes yet simultaneously examines progress in each region and in
each dimension, retaining the positive features of dashboard approaches. The empirical evidence highlights
the need to move beyond the headcount ratio towards new measures of child poverty that reflect the
intensity of poverty and multiple deprivations that affect poor children at the same time.
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1. Introduction

Important steps have been taken at international summits and conventions to reach consensus and set
goals and targets to improve the wellbeing of children worldwide, including the 1989 Convention on the
Rights of the Child (CRC), the 1990 World Summit for Children (WSC), the 2002 declaration ‘A World
Fit for Children’ (WFFC), and the Millennium Declaration that led to the Millennium Development
Goals (MDGs). Naturally, continuous high-level political commitment is also needed to ensure firm
action and adequate resource allocation for substantial progress to be truly achieved. What has been
achieved so far? Has progress been evenly attained within each country? Are we reaching or forgetting
the poorest of the poor? These are only some of the questions addressed by systems for monitoring
progress. These systems allow us to assess whether countries are on the right track and to steer policies
in the right direction. Indeed, the growing interest in setting goals and targets has in parallel stimulated
data collection and increased the availability of internationally comparable indicators. This has been
particularly boosted by major international survey projects such as the Multiple Indicator Cluster Surveys
(MICS) and the Demographic Household Survey (DHS). We now have more and better data than we
did before. Data are frequently organized in large dashboards of indicators such as the prominent list of
over 60 indicators to monitor progress on the MDGs. In addition, the microdata from various survey
programs are open access and can be used for more in-depth analysis.

Dashboards provide the opportunity to share comprehensive or holistic analyses, but in practice a large
array of indicators may overwhelm or confuse the reader and be difficult to communicate. A large set of
indicators also does not provide an overview of progress or capture the multiple deprivations that affect
the poor at the same time. The search for synthetic measures, as well as the understanding that a single
indicator such as income poverty is not sufficient to fully capture the multiple dimensions of poverty,
has boosted the interest in developing techniques for multidimensional poverty (MP) measurement (for
an overview on recent developments see: Addison et al. 2009; Asselin et al. 2009; Chiappero-Martinetti
and Roche 2009; Duclos and Araar 2006; Kakwani and Silber 2008; Kuklys 2005; Lemmi and Betti
20006). The range of approaches deals in different ways with the methodological challenges of MP
measurement. This paper examines a particular approach proposed by Alkire and Foster (2007, 2011a)
and looks at how it can be adjusted to child poverty measurement. We shall argue that the clear
specification of this approach makes it easy to communicate, which is a useful feature for monitoring
purposes. Similarly, this approach satisties two useful properties which have important policy
implications for child poverty measurement: dimensional monotonicity and subgroup decomposability.
As will be seen, by satisfying dimensional monotonicity the method moves beyond the headcount ratio,
thus overcoming common problems of many child poverty measures (for example: Gordon et al. 2003).
The problem is that the headcount ratio remains invariant if a child who is already poor becomes
deprived in any another dimension and so the measure does not provide policy incentive to focus on the
poorest of the poor. This problem has already been the subject of previous remarks by Delamonica and
Minujin (2007). In addition, by satistying the property of subgroup decomposability one can inform
group prioritization or break down the effect of changes over time by subgroup of population,
generating an analysis that is useful for policy.

This paper presents this new approach to child poverty measurement. A theoretical discussion is
accompanied by an assessment of child poverty reduction in the case study of Bangladesh, based on four
rounds of the Demographic Household Survey (1997, 2000,2004 and 2007). Bangladesh is a particularly
interesting case due to its significant gains in human development over the last decade (Lewis 2011;
Ranis and Stewart 2010). The paper is structured as follows. The next section discusses the importance
of assessing the joint distribution and intensity of poverty. Then, we discuss how to fine-tune a measure
for child poverty monitoring and explain the parameters used for the empirical application in this paper.
We next assess overall progress in child poverty reduction in Bangladesh and then analyse changes by
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dimensions and present a new integrated analysis using the Shapley decomposition of changes over time.
The final section concludes.

2. The AF method: scrutinizing the joint distribution and intensity of poverty

The Alkire-Foster (AF) method (2007, 2011a) combines the intuitive ‘counting’ approach that has a long
history of empirical implementation in multidimensional poverty (Atkinson 2003; Erikson 1993; Feres
and Mancero 2001; Gordon et al. 2003; Mack 1985) with the literature on axiomatic approaches to
multidimensional poverty in welfare economics (Bourguignon and Chakravarty 2003; Chakravarty et al.
1998; Tsui 2002). As a method of multidimensional poverty measurement, the AF method has attracted
important interest and a wealth of academic debate in recent years (see in particular the academic forum
published in The Journal of Economic Inequality, volume 9, numbers 2 and 3). The most widely known
application of the AF method is perhaps the Multidimensional Poverty Index (MPI) of acute global
poverty published in The Human Development Report since 2010 (Alkire and Santos 2010; Alkire et al.
2011b; UNDP 2010b). Naturally, the method can also be adapted to other contexts and purposes, such
as child poverty measurement, by adopting different specifications, including unit of analysis, choice of
dimensions, choice of indicators, dimensional cutoffs, poverty cutoffs and weights. Interesting policy
applications at a national level have been undertaken by the government of México (CONEVAL 2010)
and Colombia (Angulo Salazar et al. 2011), as well as a preliminary academic exploration in Venezuela
(Gallo and Roche 2012, 2011).

The AF method scrutinizes the information provided by the joint distributions of deprivation. In other
words, it constructs a profile of each person and assesses in how many dimensions they are
simultaneously deprived. While the full technical explanation is given in Appendix 1, we shall briefly
describe the intuition behind the method (a more detailed intuitive explanation with regards to child
poverty can be found in: Alkire and Roche 2012). Following Sen (1976), the AF method consists of two
steps: identification and aggregation. The identification step consists of a dual cutoff approach. First, the
deprivation cutoff identifies if the person is deprived or not in a given dimension. Second, the poverty cutoff &
identifies if the person is multidimensionally poor by assessing their vector of weighted deprivations.
Anything between a union or intersection approach may be followed. Deptivations in each dimension
may be given equal or differential weights depending on various criteria, commonly reflecting the
normative importance of each dimension to wellbeing. Finally, the aggregation step results in three
interrelated measures. The first is the headcount ratio (H) which indicates the percentage of people who are
multidimensionally poor. The second, named intensity of deprivation among the poor (A), indicates the average
percentage of deprivations experienced by the poor (where differential dimensional weights may apply).
Finally, the adjusted headcount ratio (M,), which ranges from 0 to 1, refers to the ratio of deprivations
experienced by the poor over the total potential number of deprivations if the whole population were
deprived in all dimensions. Conveniently, the adjusted headcount ratio can also be expressed as the
product of the headcount ratio and the intensity of deprivation among the poor (M,= H *_.4). M, can be
computed for different types of data, including ordinal data (as data on water, sanitation, and housing
usually are). When data are cardinal, additional measures can be computed to reflect the depth and
severity of multidimensional poverty. As we will see, the adjusted headcount ratio satisfies a series of
properties which are relevant for child poverty measurement. However, I will first discuss in more detail
the importance of assessing the joint distribution with a practical example.

One might wonder why we need to choose between a dashboard and a MP measure. As Ferreira (2011)
has pointed out, “essentially, multidimensional poverty analysis is interesting because the joint
distribution of achievements contains more information than the marginal distributions” (2011: 494).
While the dashboards offer valuable information for monitoring dimensions separately, they do not
capture the multiple deprivations experienced simultaneously by the poor (see also: Alkire et al. 2011a).
Table 1 illustrates the argument with an analogous example as in Ferreira and Lugo (2012) which we
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have adapted to the case of under-five child poverty in Bangladesh using the same DHS data and
indicators we use later in this paper. Consider Panel A in Table 1 whichis equivalent to a dashboard that
measures three dimensions separately: health, nutrition and improved sanitation. We see that important
gains were achieved in reducing health deprivations in each period with an overall gain that goes from
43.5% in 1997 to 19.9% in 2007. Deprivations in nutrition particularly decreased in the period 1997 —
2000 from 74.3% to 62.2%, and then continue decreasing but at a slower pace. Finally, while
deprivations in access to improved sanitation decreased over the whole decade, a statistically significant
increase was actually observed between 2000 and 2004 from 68.4% to 79.1%. As MDG indicators, these
figures allow us to assess progress in each dimension separately but only provide information about the
marginal distribution. We do not know what is happening with children who are deprived in all three
dimensions simultaneously.

What does a joint distribution add? Naturally, it is not the same to be deprived in one dimension only as to
be deprived in all three at the same time. By looking at the joint distribution (panel B) one can assess
what is happening to children who are deprived in multiple dimensions simultaneously. From a rights-
based approach, we might be interested in assessing how many children are completely free of any
deprivation (a union approach). Panel B in Table 1 shows an overall increase in the percentage of
children free of any deprivation over the whole period, from 6.7% in 1997 to 17.1% in 2007, but there
was a small deterioration between 2000 and 2004. Alternatively, we might want to prioritize those
children deprived in a// three dimensions simultaneously as they suffer a higher intensity of poverty (an
intersection approach). The story is a rather more positive one with important gains in every period.
What these figures show is that conclusions based on the joint distribution are likely to be different. The
joint distribution provides an indication of the intensity of poverty and multiple deprivations that affect
the poor at the same time. It matters for policy as it allows us to observe those who are multiply
deprived and how this is changing over time.

Table 1. Changes over time and comparison between marginal and joint distribution

1997 2000 2004 2007

Panel A. Marginal distribution: % children under 5 deprived in...

Health ® 43.5 39.8 26.7 19.9

Nutrition @ 74.3 62.2 61.4 58.3

Improved Sanitation @ 72.5 68.4 79.1 58.3
Panel B. Joint distribution: % children under 5...

Non-deprived in any dimension (free of any deprivation) 6.7 11.4 9.0 17.1

Deprived in a/l three dimensions simultaneously 26.6 211 16.3 8.6

Source: Author’s calculations based on Bangladesh Demographic Health Survey data. The example
follows a similar illustration from Atkinson and Lugo (2010) reproduced in Ferreira and Lugo (2012)

Note: (1) Not immunized or did not receive medical treatment when sick; (2) Either underweight,
stunted, or wasted; (3) Lack adequate sanitation by the MDG indicator standards.

Incidentally, multidimensional child poverty measures so far focus mainly on the headcount ratio,
overlooking some of the policy-relevant information that contains the joint distribution (see discussion
in: Alkire and Roche 2012). One example of this is the multidimensional poverty study undertaken by
Gordon et al. (2003) published later by UNICEF (2004). This was the first time that a global study of
child poverty was undertaken (Alkire and Roche 2012; Delamonica and Minujin 2007). The study
contributes by proposing a way to align child poverty measurement with the child rights approach and to
implement, insofar as data permitted, indicators and cutoffs for child poverty that reflected the
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definition agreed upon in the World Social Summit in Copenhagen (United Nations 1995). A similar
methodological approach was later implemented by the Global Study on Child Poverty and Disparities
to produce a range of very valuable country studies (Fajth et al. 2012; UNICEF 2007).

Despite the important contributions of these child poverty studies, by mainly focusing on the headcount
ratio, they overlooked the average number of dimensions in which the poor were deprived. Thus,
Delamonica and Minujin (2007) proposed a range of measures that also account for the average intensity
of deprivation experienced by poor children. They proposed to measure the depth of child poverty, or the
average number of deprivations suffered by children, and #he severity of child poverty which takes into
account the distribution of deprivations (see a technical explanation in Appendix 2). An empirical
implementation of these measures on child poverty in Vietnam was undertaken by Roelen et al. (2010)
(see the adjustment proposed by the authors in Appendix 2). Similar to Alkire and Foster (2007, 2011a),
Delamonica and Minujin (2007) and Roelen et al. (2010) were seeking an analogous solution to Foster-
Greer-Thorbecke (FGT) income poverty measures (Foster et al. 1984). The advantage of the proposed
AF measure — the adjusted headcount ratio — is that it reflects simultaneously the incidence of poverty
and the intensity of deprivation among the poor (satisfying the poverty axiom). It provides the basis for
a final ranking as well as allowing decomposition by subgroup or breakdown by dimension, yet it is still
possible to analyse the incidence and intensity separately. In section 4.3 we shall come back and compare
these metrics with empirical results, but let us first explain the theoretical relevance of moving beyond
the headcount ratio.

Figure 1. Illustration of the relevance of intensity for policy

Country A: Headcount-only Country B: Equity-focused approach
policy aimed to reduce the headcount ratio policy oriented to the poorest of the poor
Multidimensional  Intensity of Adjusted Multidimensional Intensity of Adjusted

Headcount Deprivations Headcount Ratio Headcount Deprivations Headcount Ratio
(H) (A) (Mo=H*A) H) (A) (Mo=H*A)
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Why is the incidence of deprivations relevant for policy? As in the unidimensional case, the problem with the
headcount ratio is that it implicitly creates policy incentives to focus on those that are simply below the
poverty line and to ignore the extra burden of poverty experienced by the poorest of the poor (Sen
1976). This is because it does not change if a child who is multidimensionally poor across a period of
time becomes deprived in more or fewer dimensions.

Consider two countries with the same initial poverty level but where two very different poverty
reduction policies are put into place (Figure 1). In country A, the poverty reduction policy focuses on
reducing the headcount ratio, but in country B the programs are oriented to the poorest of the poor
(those experiencing the highest number of deprivations simultaneously). It might well be that after the
application of these policies both countries reduce the headcount ratio at the same rate. However, we
would expect that in country B where policy prioritizes the poorest of the poor — what UNICEF calls an
‘equity-focused’ approach and which is central to its purpose (UNICEF 2010) — there would be a more
substantial reduction of the intensity of deprivations among the poor, while the intensity of deprivation
may not necessarily decrease in country A. If we only look at the headcount ratio, we will conclude that
country A performed equally well in comparison to country B. But if we look at the adjusted headcount
ratio (M) we may see that country B has in fact performed better overall as it made important gains in
reducing both the incidence of poverty and intensity of deprivations among the poor. This was precisely
the motivation of Alkire and Foster (2011a) in proposing the adjusted headcount ratio, which also
motivated Delamonica and Minujin (2007) to expand the child poverty measurement work of Gordon et
al. (2003). So conceptually it is more appropriate to use the adjusted headcount ratio as this creates
stronger policy incentives than the headcount ratio alone. In the following analysis we will illustrate how
this also matters in practice, based on the real case of assessing reduction in child poverty in Bangladesh
over the period 1997-2007. In the process, we will also show how the properties of subgroup
decomposability and dimensional breakdown can be used for policy purposes.

3. Fine-tuning a measure for monitoring child poverty reduction

We will now discuss general principles for fine-tuning a measure for monitoring child poverty reduction
and explain in the process the specifications that we follow in this paper. We shall start by explaining the
rationale for choosing Bangladesh as a case study.

Why Bangladesh? Despite negative views about its development potential in the 1970s and 1980s,
Bangladesh has come to be seen as an exceptionally successful story in development and poverty
reduction (Lewis 2011). A global comparative analysis of human development progress between 1970
and 2007 by Ranis and Stewart (2010) identified Bangladesh as one of the top five success stories among
those countries that started with low levels of human development in the 1970s. The country has made
important gains in reducing monetary poverty (World Bank 2008) as well as being among the top 20
countries with regard to progress on the MDGs (ODI 2010). According to Ranis and Stewart (2010),
Bangladesh is an example of how countries can overcome their adverse initial conditions via
improvements in social expenditure, even with the moderate economic growth that Bangladesh had as
compared with other South and Southeast Asian countries. Under-5 mortality fell from 240 per 1,000
live births in 1970 to around 68 per 1,000 in 2005, and life expectancy rose from 44 in 1975 to 65 years
by 2005 (Ranis and Stewart 2010). Though extensive malnutrition still exists, Bangladesh is among the
countries with the highest rates of absolute progress in reducing the proportion of children under the
age of five who are underweight — from 67%in 1992 to 46% in 2007 (ODI 2010). Important gains have
also been achieved by large-scale immunization programs and by expanding access to improved
sanitation facilities (Lewis 2011). There is consensus in attributing significant credit for this success to
initiatives undertaken by a strong NGO sector that was initiated by local and international relief efforts
during post-conflict reconstruction in 1971 (Lewis 2011; Ranis and Stewart 2010). This all makes
Bangladesh an interesting case of study. What new information does a multidimensional poverty
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measure showing the joint distribution of deprivations provide? To what extent is overall progress
driven by improvements among the poorest of the poor such as those suffering more simultaneous
deprivations? Has progress been evenly achieved across regions? These are only some of the questions
that we aim to answer.

Purpose of the measure — Cleatly, its purpose determines to a great extent how we ought to fine-tune the
measure (Alkire and Foster 2011b). In our case, the academic research question shapes the analysis in a
very particular way. If we were designing an official national measure, we might want to prioritize
transparency to facilitate accountability and public debate (see for example: Angulo Salazar et al. 2011;
Gallo and Roche 2011). Alternatively, if the measure was going to be used by an NGO to monitor
changes in the local development context where they work, one may be particularly interested in
incorporating a wide range of stakeholders in the design process with particular attention paid to the
poor themselves.

Data source — Naturally, the choice of data is not independent to the purpose of the measure either.
Available data might be sufficient to answer the research question or one might need further data
collection. Incidentally, poverty measures can be useful in stimulating the production of more and better
data as was the case of the MDGs and multidimensional poverty measurement in Mexico (CONEVAL
2010). In this paper the analysis is based on four rounds of the Bangladesh Demographic Health Survey
(BDHS) covering four points in time: 1997, 2000, 2004 and 2007. The international standards and
purposes of the surveys make them especially well-suited for our purposes as they have good quality
child-specific indicators to measure health dimensions that are not normally included in living standards
household surveys. The BDHS follows a multistage cluster sampling which is designed to provide
separate estimates at the national level for urban and rural areas, and for all six regional divisions in
Bangladesh: Batisal, Chittagong, Dhaka, Khulna, Rajshahi and Sylhet.!

Unit of analysis — It seems obvious that a child poverty measure should have the child as a unit of analysis
but one should be aware of the additional challenges this entails. Naturally, the relevant dimensions or
what constitutes deprivations depends on the age of the child — for example, school attendance matters
for children of school age while in early childhood special attention is given to immunization. What
should we do if an indicator does not apply to all age groups? Depending on certain circumstances (for
example the purpose of the measure, data availability) one might choose to design a measure that takes
into account the life-cycle of the child (see: Roelen et al. 2010) 2. How can we obtain a final overall
measure that is still decomposable by age group and can be broken down by dimensions? One possible
alternative is to design age group-specific indices. However, there are always tradeoffs; while age-specific
measures may orient specific policy interventions, they would make overall assessment more difficult. In
this paper we choose to focus exclusively on under-five children, which allows us to have high-quality
indicators of deprivations for every child. The same procedure could be followed for different age
groups. If required, we could then later seek an appropriate way to combine these into an overall
measure.

Dimensions and subdimensions: moving from a concept to its components — A well-established methodological
strategy in social research since the early work by Paul . Lazarsfeld (1958), consists of dividing complex
conceptual constructs into their components or dimensions before one moves to identifying the best

1 The fieldwork activities were conducted during March—August 2007, January—May 2004, November 1999—March 2000, and
November 1996—March 1997, respectively. The final sample wrresponds to 10,268 households in 2007; 10,053 households in
2004; 10,919 households in 2000; and 9,099 households in 1997. The households and women response rate are, tespectively,
99.4% and 98.4% in 2007; 99.8 and 98.6% in 2004; 99.3% and 96.9% in 2000; and 99.1% and 97.8% in 1997.

2 By the time of this paper’s publishing, the on-going research project from UNICEF, Multiple Overlapping Deprivation
Analysis (MODA), was also following a life-cyde approach.
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indicators to measure each dimension. Any effort starts from a conceptual framework that frames our
understanding of what we mean by, in our case, child poverty and its dimensions. From a human
development or capability perspective, poverty is understood as a lack of fundamental capabilities and
the choice of dimensions is seen as a valuation of what constitutes ‘the good life’ (Sen 1980, 1992).
Defining the list of fundamental capabilities is nonetheless a matter of some debate. Nussbaum (2003)
proposes a list from a social contract tradition and some account of human rights (this was used for
child poverty measurement by: Di Tommaso 2007). However, Sen (2004) prefers an unspecified
approach, leaving the definition of capabilities in different contexts and for different purposes to public
reasoning and debate. How should we proceed in a measurement exercise? Again, it would depend on
the purpose of the measure as “what we focus on cannot be independent of what we are doing and
why” (Sen2004: 79). Useful procedural criteria are suggested by Robeyns (2003) and Alkire (2008). If the
aim is an official national measure, one might find appropriate a mixed process that allows some level of
consultation and debate yet pays attention to social and economic rights subscribed to by the country
(see Burchardt and Vizard 2011). In other cases, further participatory methods could be particularly
attractive for a child poverty measure (see: Biggeri et al. 2000; Roelen and Camfield 2012). In this paper
we shall follow the conceptualization by Gordon et al. (2003) which was also used in the Global Study
on Child Poverty and Disparities (Fajth et al. 2012; UNICEF 2007). This definition follows the
international agreement at the World Social Summit in Copenhagen in 1995 (see Table 2) and will allow
us to assess the strict value-added of the AF methodology.3 Naturally, alternative definitions and choices
of dimensions are possible for other purposes — especially if one takes into account the current
consultation and debate about post-2015 MDGs.

Indicators — The selection of valid and reliable indicators becomes to a greater extent a matter of technical
debate as one moves from theoretical variables (dimensions/subdimensions) to operational variables
(indicators). Obviously, a clear conceptualization is required first (i.e. it is not enough to say that ‘health’
is a component of child poverty; we need to clarify what subdimensions health entails). Once the
conceptualization is clear, say for instance by following the Convention on the Rights of the Child, the
search for valid and reliable indicators becomes a rather more technical problem, such as defining the
best way to measure nutrition (WHO 2006) or improved drinking water or sanitation (WHO /UNICEF
2000). Frequently, there are tradeoffs between the best indicator and those that are possible to measure
with the data at hand — but the indicators should not be fully determined by data availability (Dercon
2012; Robeyns 2003). Incidentally, four of the indicators used in the analysis in this paper are also used
to measure progress towards specific MDG targets (nutrition, access to improved drinking water, access
to improved sanitation), while the indicator for health measures other global goals (see Table 2). From
the list, the dimension and indicator for ‘information’ is the weakest, but we will follow Gordon et al.
(2003) to allow comparability.

Weights and robustness checks — The selection of weights is closely linked with the selection of dimensions,
as excluding a dimension in practice implies assuming a zero weight. Weights “indicate the relative
importance of the different deprivations” (Alkire and Foster 2011b: 295), yet in an index they also affect
the marginal rate of substitution between dimensions (Ravallion 2011). There is a wide range of
procedures to set up weights, from more participatory methods that allow for deliberation and build
consensus, to more statistical ones, which are frequently interlocked with issues of validity and reliability
of the selected indicators (see: Roche 2008). If the chosen indicators are valid and reliable measures of
the given dimension, then the question of weights turns into strictly a matter of value judgment (see
discussion in: Alkire and Foster 2011b). Inevitably, complete consensus cannot be reached so the
recommendation is to undertake robustness checks for a range of plausible weights. This paper strictly

3 The 1995 Copenhagen Dedaration and Programme of Action defined poverty as “a condition characterised by severe
deprivation of basic human needs, induding food, safe drinking water, sanitation fadlities, health, shelter, education and
information. It depends not only on income but also on acess to sodal services” (United Nations 1995).
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follows the weight structure from Gordon et al. (2003), which attributes equal weight to each dimension.
Naturally, this is questionable as we might have reasons to value nutrition or health more than
information. The clear specification of the AF method allows for robustness checks of the choice of
weights, some of which were undertaken in this paper. The debate on seeking best methodologies to set
up weights is certainly ongoing (Alkire and Foster 2011b; Alkire et al. 2011a; Ferreira and Lugo 2012;
Koen and Lugo 2010; Ravallion 2011; Roche 2008).

Table 2. Selected indicators and deprivation thresholds

Dimension Indicator / Deprivation Thresholds

Children who are more than two standard deviations below the international reference
population for stunting (height for age), wasting (weight for height) or underweight
(weight for age). The standardization follows the algorithms provided by the WHO Child
Growth Reference Study (WHO 2006).

Nutrition

Children using water from an unimproved source such as open wells, open springs or
Water surface water (distance to water is not included because this information is not available

for BHDS 1997).

Children using unimproved sanitation facilities such as a pit latrine without slab, open pit
Sanitation | latrine, bucket toilet and hanging toilet. Surveys were standardized for comparability
following MDG definitions.

Children who have not been immunized or received medical treatment when sick. A
child is deprived if the child has not received eight of the following vaccinations (for
Health under 12 months old at least one vaccination): beg, dptl, dpt2, dpt3, polio0, poliol,
polio2, polio3, measles or did not receive treatment for a recent illness involving
diarrhoea.

Children living in a house with no flooring (ie. a mud or dung floor) or inadequate
Shelter roofing (ie. thatch, palm leaf or tin). (Overcrowding was not taken into account because
BHDS 1997 does not register the number of rooms used for sleeping).

Children with no access to a radio or television (i.e. broadcast media). This indicator

Information applies only for children above 3 years of age.

Note: The choice of dimensions and indicators follows, as dosely as possible, Gordon et al. (2003). Eduction
deprivation was not induded because it is not relevant for under-five children. The indicators from the Bristol study
“Severe Deprivation of Aawss to Basic Services” was not available for all four BDHS rounds.

Deprivation cutoff, poverty cutoff and robustness checks — As with the value judgment implicit in the selection of
dimensions and weights, there are various procedures for the selection of cutoffs (Alkire and Foster
2011b). Occasionally, some technical criteria may guide the decision, for example the cutoffs in
anthropometric measures are the subject of a technical debate (WHO 2006). However, setting up
minimum levels is more commonly a matter of a judgment of what is considered acceptable, which may
vary depending on the social setting. In this paper we follow the indicator definitions from Gordon et al.
(2003) as specified in Table 2 which mainly follows MDG standards. Note that the lists of indicators or
minimum thresholds were frequently adjusted to the particular national context of study in the Global
Study (Fajth et al. 2012). We consider poverty cutoffs between k=2 and k=4 and report in the table
results for k=3. Robustness tests for different k values were undertaken where specified (see figures Al
and A2 in the Appendices.
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4. Assessing overall progress in poverty reduction

Let us now analyse the empirical results from Bangladesh. The analysis is organized as follows. We start
with an assessment of overall progress at the national level based on the adjusted headcount ratio and
examine whether progress has been evenly achieved across regional divisions. Next we analyse changes
in the incidence of poverty and intensity of deprivations among the poor and assess the extent to which
regions follow different paths to poverty reduction. Then we compare results using the AF measures of
intensity of deprivations with the measures proposed by Delamonica and Minujin (2007) and Roelen et
al. (2010). In section 5 we move further by taking maximum advantage of two key properties of the
adjusted headcount ratio: subgroup decomposability and dimensional breakdown. As will be seen,
throughout the paper we check for statistical significance of differences and undertake various
robustness tests to the choice of poverty cutoff and dimensional weights.

4.1 Overall progress at national and regional levels

An overall assessment of progress at a national level and for each regional division is synthetically
presented in Table 3.

Ouverall national progress: The tendency is a decrease in the first period (1997-2000), with a significant
relative variation of -11% in the multidimensional child poverty index. We observe an inertia in the
second period (2000-2004) with a non-statistically significant reduction. Finally, a high drop is registered
in the third period (2004-2007) with a significant variation of -18% in the multidimensional child
poverty index. In terms of the incidence of deprivation, there was a reduction in the percentage of poor
children from 83% in 1997 to 76% in 2000, which implies an absolute statistically significant variation of
-7%. Between 2000 and 2004 the percentage of poverty remained unchanged, but in the period 2004 to
2007 it fell from 76% to 66% which represents a statistically significant variation of -11%. In terms of
the intensity of deprivations the picture is rather different. Although the reduction in the intensity is not
very high (from 67% to 61% in the whole decade), we register a statistically significant reduction in every
period including 2000-2004 and the highest reduction in the third period.

Was progress evenly achieved among regional divisions? During the first period (1997-2000), the highest progress
is observed in Chittagong, Dhaka and Khulna with a statistically significant relative variation of at least
-12%. During the same period, variation is barely statistically significant in Rajshahi and is not
statistically significant in Barisal and Sylhet. Interestingly, during the second period we observe the same
national inertia across most divisions except for Sylhet which shows a relative decrease of 14% that is
significant at a less demanding alpha of «=0.10 (note that the sample at a division level is smaller, which
is why we relax the alpha). Barisal and Chittagong, both low-lying coastal regions and frequently affected
by natural disasters (Azam and Imai 2009), appear to increase multidimensional poverty over the period
2000 and 2004 but differences are not statistically significant. The last period shows a very positive story,
with a significant relative reduction of at least 17% in Chittagong, Dhaka, Khulna and Rajshahi and a
more modest reduction of 11% in Barisal (this last one is statistically significant only at «=0.10).
Incidentally, during this last period Sylhet does not show a statistically significant reduction which erodes
some of the gains this division achieved in reducing the gap with other divisions during the period 2000—
2004.

In summary, there has been a clear improvement over the whole decade from 1997 to 2007, with some
inertia during the period between 2000 and 2004. However, even during this period the intensity of
deprivation among the poor was reduced. The fastest pace of poverty reduction was observed in the last
period (2004-2007) which, incidentally, occurred during a period of rapid economic growth in the
country (World Bank 2012). However, the analysis exposes an uneven distribution of national gains
across geographical divisions. Barisal improved at a much slower pace than any other division, so it
moved from being the second region in the ranking of lowest child poverty in 1997 to being in the worst
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position in the ranking by 2007. Sylhet, which started as the region with the highest level of poverty,
managed to reduce the gap with other regions particularly during the period 2000-2007 when it was the
sole region that improved, but it lagged behind between 2004 and 2007. The best progress was observed
in Chittagong, Dhaka and Rajshahi which slowly reduced the gap with Khulna, a division that also
improved but not at the same pace. Figures A1 and A2 show that this overall assessment is robust to the
choice of poverty cutoff k (further robust ranking comparison can be undertaken with other techinques:
Duclos et al. 2000).

4.2 Different paths to poverty reduction

The overview of progress provided by the adjusted headcount ratio can be “coherently and consistently
deepened and sharpened by the more specific insights contained in decompositions and partial indices”
(Alkire and Foster 2011b: 311). We will now analyse two of these partial indices, the headcount ratio and
the intensity of deprivation among the poor, in an attempt to identify the different paths to poverty
reduction followed by the regional divisions. It is worth recalling that these partial indices are not
independent from the adjusted headcount ratio, but they all interrelate as they rely on their joint
distribution through the identification step (Alkire and Foster 2011b).

The analysis shows how regional divisions reduced child poverty through different paths (figures are
contained in Table 3). Remarkably, Chittagong mainly reduced poverty by decreasing the incidence of
poverty but experienced hardly any improvements in the intensity of poverty among the poor. In this
division, the reduction in the percentage of poor was statistically significant with an absolute reduction
of over 10% in the first and second period. However, variation in the intensity of poverty was only
slightly significant in the second period («=0.10). In contrast, Dhaka shows statistically significant
improvements in decreasing the proportion of multidimensionally poor children as well as in reducing
the intensity of deprivation among the poor (evenin the period between 2000 and 2004). Sylhet, the only
division that showed progress during 2000-2004, reduced child poverty mainly by decreasing the
incidence of poverty (with a -10% absolute rate of variation), but changes in the intensity of poverty
were not statistically significant. Barisal showed insignificant variation in the incidence of poverty across
all the periods, but it showed a significant reduction in the intensity of poverty between 1997-2000 and
2004-2007 (only at =0.10). Finally, Khulna is a mixed case as it reduced child poverty during 1997—
2000, mainly by decreasing the proportion of poor children, but in the period 2004—-2007 important
gains were achieved as well by reducing the intensity of deprivation among the poor. In summary, the
analysis reveals that regions within Bangladesh are diverse in the extent to which multidimensional
poverty reduction occurred by decreasing the incidence of poverty or its intensity.
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Table 3: Level and variation in the Multidimensional Child Poverty Index, Headcount ratio
and Intensity of poverty by division in Bangladesh, 1997, 2000, 2004 and 2007

Absolute Variation

Relative Variation

1997 2000 2004 2007 1997-2000 2000-2004 2004-2007 1997-2000 20002004  2004-2007
Multidimensional Child Poverty Index (Mo)
Bangladesh ~ 0.555 0495 0.485  0.400 -0.060 *< -0.010 -0.085  *Hk* S11% Rk -2% -18%  Hkx
Barisal 0.530 0491 0521 0467 -0.039 0.030 -0.055  * -7% 6% -11%  *
Chittagong 0.543 0455 0486 0.384 -0.088  #rk 0.032 -0.102  *k -16% R 7% -21%  FFx
Dhaka 0.565 0498 0.480 0.396 -0.067 ** -0.019 -0.084  Hx -12% -4% S17% ek
Khulna 0.481 0420 0421 0345 -0.061 ** 0.000 -0.076  ** -13% 0% -18%  **
Rajshahi 0.571 0532 0504 0401 -0.039 * -0.028 -0.104 R 1% ¥ -5% -21% Ak
Sylhet 0.633 0.590 0.506  0.462 -0.043 -0.084 * -0.044 -7% -14%  * -9%
Multidimensional Headcount ratio (H)
Bangladesh ~ 82.9% 75.8% 76.3% 65.5% S71% Rk 0.5% -10.8%  HF* -9% ek 1% -14% ek
Barisal 79.3% 772% 81.6% 75.9% -2.0% 4.4% -5.7% -3% 6% -7%
Chittagong ~ 81.9% 703% 75.7% 61.6% S11.7% Ak 5.4% -14.1% e -14% ke 8% -19%  Hkx
Dhaka 82.8% 76.1% 75.7% 65.3% -0.8% ** -0.4% -10.3%  ** -8% -1% -14%  **
Khulna 76.7% 664% 67.2% 57.9% -10.3%  ** 0.8% -9.2% -13% 1% -14%  **
Rajshahi 86.4% 81.5% 81.3% 67.6% -4.9% * -0.3% -13.7% -6% * 0% -17%  Hkx
Sylhet 88.7% 84.9% 74.8% 70.5% -3.8% -10.2%  ** -4.2% -4% -12%0  *F -6%
Intensity of Poverty (A)
Bangladesh ~ 66.9% 65.3% 63.6% 61.1% -1.6% Kk -1.7% R -2.5%  wHx 2% Rk -3% -4% Kk
Barisal 66.9% 63.6% 63.9% 61.5% -3.3% * 0.3% 24% * -5% % 0% -4% %
Chittagong ~ 66.3% 64.7% 64.3% 62.4% -1.6% -0.5% -1.8% * -2% -1% -3% K
Dhaka 68.2% 65.5% 63.4% 60.6% -2.7%  ** 21%  * -2.8% o+ -4% -3%  * -4% K
Khulna 62.8% 63.3% 62.6% 59.5% 0.5% -0.7% -32% 1% -1% -5%
Rajshahi 66.1% 652% 62.1% 59.3% -0.8% -3.2% R -2.8%  Hkx -1% -5%  wkx -5% Kk
Sylhet 71.3% 694% 67.6% 65.5% -1.9% -1.8% -2.2% -3% -3% -3%

Source: Own calculations based on the Demographic Household Survey.
Note: *** statistically significant at «=0.01, ** statistically significant at «=0.05, * statistically significant at «=0.10. It corresponds to a t-test hypothesis test
for the difference between both years, taking into account the complex sample design of the sutveys.
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4.3 Comparison with other measures of intensity of child poverty

We might wonder what conclusions would be obtained if one used instead the measures of intensity of
child poverty proposed by Delamonica and Minujin (2007) and Roelen et al. (2010). Table 4 presents a
comparison among the different measures at the national level while Table Al in the Appendix shows
the full results at a subnational level. A detailed technical explanation of these different indices is
presented in Appendix 2.

Table 4: Comparison among different measures of intensity of child poverty
in Bangladesh, 1997, 2000, 2004 and 2007

Absolute Variation

1997 2000 2004 2007 1997-2000 2000-2004 2004-2007
Bangladesh
1. Intensity for k=1 (AF) 61.0% 56.9%  55.9%  50.4% -4.2% e -0.9% -5.5%  wk
2. Intensity for k=2 (AF) 62.9% 60.1%  58.5%  54.4% 2.7% ek 1.6%  F -4.200 Rk
3. Intensity for k=3 (AF) 66.9%  65.3% 63.6% 61.1% S1.6%  RRR L1T7% Rk D504 ek
4. Depth (DM) 3.6 33 33 2.9 -0.3  wek -0.1 -0.4  weE
5. Depth as % indicators (RGN) 59.9%  55.6%  54.6%  48.6% -4.3% o -1.0% -5.9% ek
6. Weighted Depth (DM) 14.4 12.7 12.2 10.1 -1 weE -0.6 2.1 weE
7. Severity (DM) 5.0 5.0 4.7 4.5 -0.1  wkE -0.2 -0.3  wkk

Source: Own clailations based on Demographic Health Surveys.

Note: *** statistically significant at a=0.01, ** statistically significant at «=0.05, * statistically significant at «=0.10.
It corresponds to a t-test hypothesis test for the difference between both years, taking into account the complex
sample design of the surveys. AF = Alkire and Foster (2011); DM = Delamonia and Minujin (2007),

RGN = Roelen, Gassmann and de Neubourg (2010).

In the first three rows, we present the intensity of deprivation among the poor following Alkire and
Foster (2011a) for different poverty cutoff k values: k=1, k=2 and k=3 (see Appendix 1). As expected
from a theoretical point of view, the intensity rises as we increase the poverty cutoff k value, because we
are simply focusing on a set of children who have a higher intensity of deprivation (¢;>=k). However,
whatis interesting is that changes during the period 2000-2004 are only statistically significant for k=2
and k=3. This suggests that, indeed, there were further improvements among the poorest of the poor
which are captured only when we increase k.

The fourth row refers to the depth of child poverty index proposed by Delamonica and Minujin (2007),
which aims to measure the intensity of poverty, while the fifth row corresponds to the index used by
Roelen et al. (2010), which is equivalent to the former but is expressed as a proportion of the total
indicators (in this case over 6). There are two main sources of difference between the intensities as
computed in the indices of the fourth and fifth rows and the AF intensity of poverty. First, Delamonica
and Minujin (2007) measures the average deprivation experienced by the whole population and not just the
poor as in the AF method (see Appendix 1). Second, the AF method allows focusing on the poorest
poor by using higher poverty cutoff values k and thus censoring the deprivations of those who do not
meet the required number of simultaneous deptivations.4 Theoretically, Delamonica and Minujin (2007)
implies that the indices could change by simply increasing the absolute number of non-poor population
despite keeping the number of poor population unchanged. So for example, a swap of non-poor
population between regions or countries (such as migration) might reduce the indices. This does not

4 An additional difference between poverty intensity in Alkire and Foster (20112) and in Delamonic and Minujin (2007) is
that intensity in Alkire and Foster is expressed as a proportion of the total number of considered dimensions; this is
oinddent with the Roelen et al. (2010) adjustment.
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happen with the AF intensity index. Interestingly, the empirical example from Bangladesh does not show
major differences between both measures when AF intensity follows a union approach. Also, as with
k=1, the index from Delamonica and Minujin (2007) does not capture the reduction in the period 2000—
2004.

Finally, indices proposed by Delamonica and Minujin (2007), shown in rows six and seven, expand the
index shown in the fourth row, by penalising according to the number of deprivations experienced by
the most deprived. This, the authors argue, is equivalent to the squared gap in FGT measures. As
Delamonica and Minujin (2007) suggests, the severity index, which is based on the standard deviation, is
easier to interpret and shows that roughly one sixth of children suffered from at least five deprivations in
1997, a number that decreased to 4.5 in 2007. It provides useful information despite not satisfying the
‘poverty focus’ axiom. Delamonica and Minujin’s (2007) proposition reminds us that research on further
measures of inequality among the poor is needed.

The Appendix Al shows further comparisons at a subnational level. If we restrict the level of
significance to at least «=0.05, the conclusions in our analysis seem relatively robust to the choice of
measure. Changes only occur when one increases k, which theoretically can be seen as focusing on a set
of population with a higher intensity of poverty.

5. Subgroup decomposition and dimensional breakdown

In this section we present the results of an integrated analysis of changes over time which takes
maximum advantage of two key properties of the adjusted headcount ratio: subgroup decomposability
and dimensional breakdown. Until now we have assessed the statistical significance and robustness of
changes in the adjusted headcount ratio, as well as in the incidence of poverty and intensity of
deprivation among the poor. We performed this analysis separately for Bangladesh and for each regional
division within the country. We will next analyse changes in each dimension and its relation to overall
poverty reduction. We will then present an integrated analysis based on a Shapley decomposition of
changes over time (see Appendix 3).

5.1 Assessing progress by indicator: from an index to a dashboard

Let us now analyse changes in the dimensional headcount ratios. In the top panel of Table 5, we present
the variations in the raw headcount or in the percentage of people who are deprived in a given
dimension. The bottom panel presents the censored headcount or the percentage of people who are
poor and deprived in a given dimension according to the identification step. Naturally, in a union
approach, the raw and censored headcount will be equal, as it is enough to be deprived in one dimension
in order to be identified as multidimensionally poor. So the censored headcount allows us to assess
changes among those identified as multidimensionally poor only as opposed to changes among those
above the poverty level.

First, overall improvements are observed in all indicators over the decade, with the most remarkable
progress occurring in health but with important advances also happening in nutrition and access to
improved sanitation. The censored headcount in health reduced from 41% in 1997 to 18% in 2007,
nutrition from 68% to 49% and sanitation from 70% to 52%. Although Bangladesh started at a lower

point, progress in access to drinking water was more modest and not statistically significant, from 5% to
3%.

Second, during 2000-2004 we observe a mixed story between improvements and deterioration in

different indicators, which reminds us that “progress is neither linear or monotonic” (UNDP 2010a: 15).
While there was a statistically significant reduction of health deprivation from 37% to 26%, we observe a
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statistical increase of deprivation in access to improved sanitation from 64% to 71%. An analysis at the
level of regional division (see Tables A2 and A3 in the appendix) shows statistically significant increase
in Barisal, Chittagong and Khulna which are the three low-lying coastal regions. Although, to our
knowledge, such subnational analyses have not been undertaken before, the results seem coherent with
the environmental vulnerability of these regions (Azam and Imai 2009).

Third, by presenting in parallel the raw and censored headcount ratio, we can compare changes across
the whole population and changes across those that are identified as multidimensionally poor, according
to the poverty cutoff. The most remarkable difference is in the indicator of shelter, where over 90% of
the population experienced deprivation (raw headcount) which is substantially lower when we focus only
on deprivations among the poor (censored headcount). Incidentally, in the period 1997-2000 both
headcount ratios show statistical significance, but in 2004—2007 only the censored headcount ratio does.
This indicates that although deprivations in shelter did not diminish among the whole population, a
lesser number of those deprived have an intensity of deprivation that is higher than the poverty line
(k=3). There are also some differences in the raw and censored headcount ratios between nutrition and
sanitation which indicates that a group of children experiencing these deprivations do not have a joint
distribution of deprivation above the poverty line. We might argue that measuring nutrition with
stunting puts some focus on past experiences (stock indicator), so those suffering malnutrition in the
past might not be multiply deprived later on. Also, we might want to focus on those experiencing
deprivation in a given dimension (for example sanitation) who also have other joint deprivations.
Alternatively, one might decide to adjust the weights or change the poverty cutoff to modify the implicit
assumption (since nutrition is more important than information, we would recommend adjusting the
weight in the Global Study: Fajth et al. 2012). At this stage, what matters is that there is a similar trend
and statistical significance of the reduction in the raw and censored headcount ratios. The following
analysis, which uses a Shapley decomposition, will allow us an even clearer and more integrated analysis.
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Table 5: Level and variation in the raw and censored headcount ratios
in Bangladesh, 1997, 2000, 2004 and 2007

Absolute Variation

Relative Variation

1997 2000 2004 2007 1997-2000 2000-2004 2004-2007 1997-2000 2000-2004 2004-2007
Raw Headcountratio (% childtenwho are deprivedin indicator...)
Health 43.5% 39.8% 26.7%  19.9% S3.7% FF -13.2% R L6.7% R -8.4%  ** -33.1% Rk -25.3% R
Nutrition 74.3% 62.2% 61.4%  58.3% -12.1% = -0.8% -3.2%  *k -16.3% -1.3% -5.1%  **
Water 4.7% 3.6% 3.4% 3.1% -1.1% -0.2% -0.3% -23.0% -5.8% -8.1%
Sanitation 72.5% 68.4% 79.1%  58.3% -4.1%  ** 10.7%  # -20.7%  FFF -5.7%  ** 15.7%  *%k -26.2% R
Shelter 95.9% 94.1% 94.6%  93.5% -1.8%  ** 0.6% -1.1% -1.9%  ** 0.6% -1.2%
Information 68.5% 65.3% 62.2%  58.7% -3.2% * -3.1%  * -3.5% * -4.7%  * -4.7% -5.6% *
Censored Headcount ratio (% children who are poor and deprived in indicator...)
Health 41.3% 37.1% 25.5%  18.3% -4.1% o 11.7% PR 7204 bR -10.0%  ** -31.4% Rk -28.2% ke
Nuttition 68.4% 56.0% 55.7%  48.5% -12.5% = -0.3% S7.2% PR -18.2%% -0.5% -12.9% ke
Water 4.6% 3.4% 3.3% 2.9% -1.2% -0.1% -0.3% -27.1% -3.2% -10.6%
Sanitation 69.8% 63.8% 70.8%  52.0% -6.0% R 7.0%  FFE o -18.8%  wHE -8.7% R 11.0% -26.5% R
Shelter 82.6% 75.4% 76.1%  65.3% -7.3% R 0.7% -10.8%  Fkx -8.8% X 1.0% -14.2% ke
Information 66.0% 61.3% 59.5%  52.9% -4.7% o -1.8% -6.6% S7A% R -2.9% S11.2% ok

Source: Own calculations based on Demographic Health Surveys.

Note: *** statistically significant at «=0.01, ** statistically significant at x=0.05, * statistically significant at x=0.10. It corresponds to a t-test hypothesis test for the difference
between both years, taking into acount the complex sample design of the surveys.
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5.2 Decomposing variation in poverty reduction by its components

We now present an integrated analysis based on a Shapley decomposition of changes over time following
Shorrocks (1999). This analysis will allow us to systematically assess how much of the overall change is
due to poverty reduction in each regional division and how much of the overall change is due to
reducing the incidence of multidimensional poverty or decreasing the intensity of poverty among the
poor and in which dimension. The technical explanation of the Shapley value decomposition is included
in Appendix 2 while the results of the analysis are synthetically presented in Table 6.

Table 6: Shapley decomposition of change in multidimensional child poverty in Bangladesh

Barisal Chittagong Dhaka Khulna Rajshahi Sylhet | Bangladesh
Overall variation in Multidimensional Child Poverty - 1997/2007
Multidimensional child poverty (M) in 1997 0.530 0.543 0.565 0.481 0.571 0.633 0.555
Multidimensional child poverty (Mo) in 2007 0.467 0.384 0.396 0.345 0.401 0.462 0.400
Absolute vatiation 1997/2007 -6.4% -15.9% -16.9%  -13.7% -17.0% -17.1% -15%
Relative vatiation 1997/2007 -12.0% -29.2% -29.9%  -28.4% -29.8% -27.0% -28%
Total Poor Children (in millions)!:
1997 0.8 3.0 4.0 1.2 2.8 0.9 12.9
2007 0.8 2.2 3.4 1.0 2.5 1.0 10.9
% shared (based on 2007 figures):
Population! 6.5% 21.1% 31.4%  10.0% 22.1% 8.9% 100%
Multidimensional Headoount ratio (H) 7.5% 19.9% 31.3% 8.8% 22.9% 9.6% 100%
Multidimensional Child Poverty Index (Mo) 7.6% 20.3% 31.1% 8.6% 22.2% 10.3% 100%
Decomposition variation in Multidimensional Child Poverty (Period 1997/2000)
otal % contribution (AMo Bangladesh = 100) | 3.5% 31.5% 34.1% 9.4% 21.0% 0.4% 100%
E Demographic effect 0.8% 8.5% -0.1% 0.5% -2.8% -8.2% -1.4%
Within-group effect: 2.7% 23.1% 34.3% 8.9% 23.8% 8.6% 101.4%
’* Inddence of poverty effect (H) 0.9% 19.0% 22.9% 7.4% 16.5% 6.2% 73.0%
+> Intensity of poverty effect (A): 1.8% 4.0% 11.4% 1.5% 7.3% 2.3% 28.4%
™ Health effect (in redudng intensity) 0.8% 3.6% 6.1% 1.5% 4.3% 1.1% 17.3%
™ Nutrition (in redudng intensity) 0.7% 1.2% 1.9% 0.9% 1.2% 0.8% 6.6%
M Water (in redudng intensity) 0.5% -0.7% 0.6% -0.5% 0.8% 0.4% 1.1%
- Sanitation (in redudng intensity) 0.1% 0.2% 2.1% -0.4% 1.6% 0.4% 4.0%
- Shelter (in redudng intensity) 0.0% 0.1% 0.0% 0.0% -0.1% 0.0% -0.1%
-» Information (in redudng intensity) -0.3% -0.3% 0.8% 0.0% -0.4% -0.4% -0.7%

Source: Own calculations based on Demographic Health Surveys.

Note: ! Figures are based on percentage distribution of under-5 children using sampling weights and population figures from United
Nations, Department of Economic and Social Affairs, Population Division (2011). World Pgpulation Prospects: The 2010 Revision, CD-ROM
Edition.

Has poverty been reduced in absolute numbers? In the top of the table we report again the overall variation in
multidimensional child poverty (M) that was discussed in section 4 and just below that, the total number
of poor children in the initial and final period. The figures show that the 28% relative reduction in the
adjusted headcount ratio for Bangladesh was indeed faster than the population growth and so the
absolute number of under-5 poor children was reduced from 12.9 million in 1997 to 10.9 million by
2007. The story is not less optimistic across regions. In Chittagong and Dhaka, where we observed some
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of the fastest pace of poverty reduction, there is also a decrease in the absolute number of poor children
from 3M to 2.2M and from 4M to 3.4M, respectively. Barisal and Sylhet reduced poverty at a lower rate
than population growth and so the absolute number of poor children remained invariant or may have
even increased. There was some reduction, if less remarkable, in absolute numbers in Khulna and
Rajshahi.

How mnch has each division contributed to overall reduction in child poverty in Bangladesh? The contribution of
each division to overall child poverty is a function of the pace of poverty reduction, the initial poverty
level and the size and population growth of each region. The Shapley decomposition results at the
bottom of Table 6 show the contribution of each region to the overall reduction of poverty in
Bangladesh, which is further decomposed at a first level by demographic effect and within-group effect
(see arrows). The demographic effect reflects changes in poverty that arise from shifts in population
share that are the result of a faster or slower rate of population growth with respect to other divisions
(this may be the consequence of migration dynamics or differences in mortality and/or birth rate).
Naturally, from a policy perspective, one is interested in assessing separately the marginal effect that is
due to a reduction of poverty levels in each specific subgroup as captured by the within-group effect.
The analysis shows some interesting findings. Chittagong and Dhaka have a high contribution to overall
poverty reduction in Bangladesh of 23% and 34%, respectively. Naturally, we would expect these two
populous divisions to contribute significantly, but, in fact, they contributed more than their population
shares. Incidentally, Chittagong contributed a further 8% as a consequence of a share of population
switch. Barisal is the opposite case, where it contributed only 2.7% to poverty reduction in Bangladesh
which is much lower than its population share (7%). Sylhet, a division that did not reduce the number of
absolute poor, in fact contributed 8.6% to poverty reduction in the country but this was undermined by
a faster population growth with respect to other divisions. Rajshahi and Khulna contributed to poverty
reduction an equivalent percentage to their population and multidimensional poverty share, with 23.8%
and 8.9% respectively. The marginal results for Bangladesh show, that if we extract the marginal
demographic effect, multidimensional poverty would have been reduced another 1.4%. The bottom line
of this analysis is again that

Chittagong and Dhal?a stapd Figure 2: Shapley decomposition of changes in the variation of the
out as successful stories while  , giyysted headcount ratio by variation in incidence and intensity of
Barisal has lagged behind. poverty among the poor, Bangladesh 1997-2007

What abont the contribution of
incidence and intensity?  'The 100%
Shapley decomposition in 90% - —
Table 6 shows, on a second 27 28

> o -
level, how much of the S0
within-group effect is due to 70%
a marginal effect in reducing 60% -
the incidence of poverty and 00
how much is due to reducing
the intensity of poverty 40% 1
among the poor (see | B 30% -
cquation 14 in Appendix 3). | 2 ,,, |
For example, from the 23%
that Chittagong contributed 10%
to poverty reduction in 0% -

Bangladesh 19% is due to a Barisal Chlttagong Dhaka  Khulna Ra shahl Sylhet Bangladesh
b

Contribution of each component

reduction in the incidence of
poverty effect and only 4% is
due to an intensity effect. In

M Incidence Effect (H) Intensity Effect (A)
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contrast, 11.4% of poverty reduction in the whole of Bangladesh is exclusively the effect of reducing the
intensity of deprivation among the poor in Dhaka while a further 22.9% is due to reducing the number
of multidimensionally poor in this division. Figure 2 presents the same Shapley decomposition but
expressed as a percentage of the within-group effect for each division. It stands out how in Barisal, for
the small progress achieved, 66% was the result of a reduction in intensity of poverty among the poor.
In Chittagong and Khulna the contribution of a variation in intensity to overall poverty reduction was
below average with 17% or less, while poverty reduction in Dhaka, Khulna and Sylhet show an average
contribution of intensity effect. This analysis confirms that the regional divisions followed two different
paths to poverty reduction, either by reducing the incidence of poverty or the intensity of deprivations
among the poor.

How has the profile of deprivation among the poor changed? One of the desirable properties satisfied by the
adjusted headcount ratio is that, after the identification step, it can be broken down by dimension. This
property is particularly useful when analysing changes over time as one might be interested in
understanding the linkages between dimensional variations and changes in overall poverty. The analysis
of changes in the raw and censored headcount ratios in the previous section has already given us some
insights on what dimensions were the drivers of the overall change. In the Shapley decomposition in
Table 6 we move slightly further by calculating the contribution of each dimension to changes in M via
reducing the intensity of deprivations among the poor (see equation 16 and 17 in Appendix 3). In the
marginal of the table we observe that for the 28.4% that intensity contributed to poverty reduction in
Bangladesh, a total of 17.3% was due to a health effect, 6.6% to a nutrition effect, 4% to a sanitation
effect and only 1.1% to water effect. This decomposition shows us how the profile of deprivations
among the poor is changing in Bangladesh. The poor are considerably less deprived in health, nutrition
and sanitation by 2007 in comparison to how they were in 1997. Very little happened in terms of shelter
or information (if at all, the poor are slightly relatively more deprived in these dimensions as an effect of
reductions in the others dimensions).

The analysis by division provides further insights. In Barisal, where modest poverty reduction was
mainly driven by decreasing intensity, the poor are less deprived in health, nutrition and water by 2007.
Incidentally, Barisal made some of the highest improvements in reducing deprivation in access to water
from 9.9% in 1997 to 2.5% in 2007 (see Table A3 in the Appendix), but deprivations in other
dimensions still remain relatively high. In Chittagong and Khulna reduction in intensity was mostly
driven by health and nutrition, but little was achieved in other dimensions. The remaining divisions
follow a pattern similar to the average in the country.

6. Conclusions

This paper has presented a new approach to monitoring progress in child poverty reduction, based on
the AF adjusted headcount ratio and an array of complementary techniques. This new method combines
the intuitive ‘counting’ approach commonly used in child poverty measurement with the literature on
axiomatic approaches to multidimensional poverty in welfare economics. Throughout the paper,
particular attention was given to dimensional monotonicity and decomposability as desirable properties
of multidimensional child poverty measures. We also presented a range of complementary techniques for
analysing changes over time, including a Shapley decomposition, as well as a range of robustness tests
and statistical significance tests. The methodology, as illustrated with the results from Bangladesh, allows
an integrated analysis of overall changes yet simultaneously examines progress by subgroup of
population and in each dimension, retaining the positive features of dashboard approaches. The
empirical evidence highlights the need to move beyond the headcount ratio towards new measures of
child poverty that reflect the intensity of poverty and multiple deprivations that simultaneously affect
poor children.
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The value added of these new tools and the information they provide for policy was illustrated with an
analysis of child poverty reduction in Bangladesh. We observed a clear reduction in under-5 child
poverty in the country between 1997 and 2007, yet the analysis exposed an uneven distribution of
national gains across geographical divisions. Barisal improved at a much slower pace than any other
division, while Chittagong, Dhaka and Rajshahi showed important improvements. The results also
revealed different paths to multidimensional poverty reduction; this was particularly evident in the
integrated analysis undertaken with the Shapley decomposition of changes over time. We observed that
Chittagong and Dhaka contributed to overall poverty reduction in the country more than their national
population share. In contrast Barisal lagged behind, contributing less than half its national population
share. We also confirmed how poverty can be reduced by either decreasing the incidence of poverty or
by reducing the intensity of deprivation among the poor. While Chittagong and Khulna mainly reduced
the percentage of children in poverty, poverty reduction in Barisal was mainly driven by decreasing the
intensity of deprivations among the poor, especially in health, nutrition and water. We saw that 11% of
poverty reduction in the whole of Bangladesh was the exclusive effect of reducing the intensity of
deprivations among the poor in Dhaka, while a further 23% was due to reducing the number of
multidimensionally poor in this same division. The analysis also showed that declines in deprivations
among the poor in Bangladesh were to a greater extent driven by reducing deprivations in health,
nutrition and sanitation. We have particularly explained that the integrated analysis with Shapley
decomposition takes full advantage of subgroup decomposability and breakdown by dimensions. While
we chose to analyse changes across regional divisions in this paper, it would equally be possible to assess
if progress was evenly achieved among other relevant social groups. This would allow us to assess
whether the poorest and most-deprived groups are catching up with better-off groups in the country.

Naturally, the approach presented in this paper cannot answer all relevant questions. Other
methodologies on multidimensional poverty measurement may complement the analysis by providing
further insights such as providing robust multidimensional rankings, by further inspecting distributional
issues, by implementing fuzzy cutoffs, or by dealing in different ways with issues of measurement error,
just to mention a few research questions. Nonetheless, we have argued that the clear specification of the
AF approach makes it easy to communicate, which is a useful feature for monitoring purposes. While
challenges remain when defining the parameters to fine-tune the measure, the approach is transparent
and open to scrutiny which may stimulate necessary public debate. Naturally, monitoring progress is only
part of the research agenda. We also need further multidimensional analyses to understand the
mechanisms that facilitate overcoming poverty or are interlocked in reproducing it. We hope that the
methodology proposed in this paper contributes by stimulating more holistic approaches to better
understand and tackle child poverty.
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Appendix 1

Technical note on the Alkire and Foster Method

This note presents the Alkire and Foster (2007, 2011a) methodology with special attention to the
adjusted headcount ratio. First the notation is defined before moving on to the methodology. The

notation has been adapted to the case of children.

Notation: Let Y= [yij] denote the nxdmatrix of achievements, where n tepresents the number of
children, d is the number of dimensions, and Y;; =0 is the achievement of child i = @2,...n) in
dimension j =(L2,...d). Each row vector Yi. = (yil, Yipreens yid) lists a child’s achievements, while each
column vector Y,; = (yl i1 Y2 ynd) gives the distribution of dimension J achievements across the set
of children. Let Z; > 0 denotes the deprivation cutoff below which a child is considered to be deprived

in dimension |, and let z be the row vector of dimension specific cutoff. Let W j denote the weight of

dimension jwhere Zile =1. The expression M denotes the sum of all the elements of any vector or

mattix v, and ,u(v) represents the mean of |V , of |V‘ divided by the total number of elements in v.

Deprivation matrix: For a given matrix of achievementsY, it is possible to define a matrix of

0 0
deptivation go :[g,(j] whose typical element §jj is defined by Gjj =W; when Y; <Z;, while

b

0 _ . 0 . . -+ th . . . . i
05 = 0 otherwise. Hence, g is a nxd matrix whose 1] entry is the weight for dimension ] when

child I is deprived in that dimension, and 0 otherwise according to each deprivation cutoff Z j - From
. . . . i th 0
this matrix, we can construct a column vector ¢ of deprivation counts, whose | entry C; =|0;

represents the number of weighted deprivations suffered by child 1. Notice that the matrix go and
vector ¢ can be defined for any ordinal and cardinal variable from the matrix of achievements Y .

Identification: The vector ¢ of deptivation counts is compared against a poverty cutoff k to identify

the multidimensionally poor, where O <k <1. Hence, the identification method 0, is defined as
A (Y:;2) =1 whenever G = K,and yo¥ (yI ;2) =0 whenever C, < K. Finally, the set of children who are
multidimensionally poor is defined as Zk ={i . ,q((yi ; Z)} In other words, the method identifies as poor

any child who is deptived in more than kK number of weighted dimensions. This is a dual cutoff method

because it first applies the deprivation cutoff Z;to determine who is deprived in each dimension, and

then the poverty cutoff K to determine the minimum number of weighted deprivations for a child to be
considered multidimensionally poor.
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The headcount ratio: The headcount ratio H = H (y; Z) , or the percentage of children who are poor,
is defined by:

)  H=ag/n

where q:q(y; Z) is the number of children in the set Z, , as identified using the p, dual cutoff
method.

Censored deprivation matrix: Given the deprivation matrix ¢ % and poverty cutoff k, a censored
deptivation matrix go(k)=[9i°,-(k)] is defined whose typical element gioj(k) =W; if ¢ >k and
g,(i(k) =0 otherwise. A censored vector of deprivation counts C (k)is defined so that if C, = K, then
C (k) =C; andif ¢, <K, then C; (k)= 0. This is to say that in C, (k) the count of deprivations is always
zero for those children who are not poor according to the P, dual cutoff method, while children who

were identified as poor keep the original vector of deprivation counts C; . Then, C; (k) represents the

share of weighted deprivations experienced by a poor child i

Intensity of poverty: The intensity of poverty is defined as the average deprivations share across the
poor and is given by:

@  A=[ek)|/()

Adjusted headcount ratio: The adjusted headcount ratio MO(Y;Z) is the average of the censored

deprivation matrix, so it is given by:
3 My =u(g;(K)

The adjusted headcount ratio can also be expressed as the product of the headcount ratio H and the

average deprivation shate across the poor A:
4) M, =HA

Raw headcount: The raw headcount of dimension | represents the proportion of deprived people in

dimension ] , given by:

(5) Rawj :‘gﬁ%

Censored l_leadcount: The censored headcount represents the proportion deprived and poor people in

dimension . It is computed from the censored deprivation matrix by:

6) Ch, :‘9?("%
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Subgroup decomposability: An attractive propetty of M is that it can be decomposed by population
subgroups. The decomposition is obtained by:

(M) My =27, veM,,

where M, denotes the adjusted headcount and v, the population share of subgroup £ from a total of m

subgroups (£ =1, ..., m), such as v, = n,/n. In other words, overall poverty is the weighted average
of subgroup poverty levels, where weights are subgroup population shares. Therefore, the contribution

of group gto M is given by:
®  Contr,=v,M,,/M,

Dimensional decomposability: Given that M, = ,u(gioj(k)) , it is also possible to break down the
adjusted headcount by dimensions after the identification step. The (post-identification) contribution of

each dimension ] to My is given by:

(9  Contr =‘g?(k%o
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Appendix 2
Measures of Depth and Severity of Child Poverty

This note outlines the measures proposed by Delamonica and Minujin (2007) with similar notations as in

Appendix 1.

Depth of child poverty: This is the average number of deprivations suffered by childrenin a given
population and is given by

(10)  Depth=>" ¢ / (n)

where ¢, represents the number of weighted deprivations suffered by child I divided by the total

number of children. In the original proposal Delamonica and Minujin (2007) assume equal weight across
dimensions but this can be modified depending on the purpose of the measure.

Severity (Weighted-Depth) of child poverty: This is equivalent to the depth of child poverty but it
adds weight (i.e. importance) to the children who suffer more deprivation and so is given by

(1) Severity WD=>" (,f / (n)

Severity (standard deviation of Depth) of child poverty: This is based on the standard deviation
given by:

(12)  Severity_SdD = \/ > (e -[cl)f / (n)

Depth of child poverty as percentage of indicator: Note that Roelen et al. (2010) normalize the
depth by the total number of indicators, so it is expressed as percentage of indicator. Following this,
equation (10) would be given by:

(13)  Depth_%=>" (c,*100)/(d*n)

where d represents the total number of dimensions. A vatiant in Roelen et al. (2010) is that the number
of indicators varies depending on the age group of the child which is adjusted in the ‘normalized’ depth.
Also, dimensions are measured with more than one indicator following a union approach, so a child is
deptived in dimension d if the child is deptived in any of the indicators within the dimension.
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Appendix 3

Technical note on Shapley decomposition
of change in the Adjusted Headcount (M,)5

Shapley decomposition of change in poverty by subgroup: Following a similar decomposition of
change in FGT income poverty measures (Ravallion and Huppi 1991) and a Shapley value
decomposition approach (Shorrocks 1999), the variation in poverty level can be broken down into: 1)
changes due to intra-sectoral or within-group poverty effect and 2) changes due to demographic or inter-
sectoral effect by:

t ot ' t  ast ,
—_vm [vitve t o aqt m | Moy +Moy t ot
(14) AM, =X, - (Mof Mog) + X, » vV, — Vv,
_
Y v
Within-group Demographic or
poverty effect inter-sectoral effect

where AMy, = (M§ — M§) denotes the total variation of the adjusted headcount ratio between time
period t and time period t’, MO; denotes the adjusted headcount ratio and v} the population share of
subgroup ¢ from a total of m subgroups (£ = 1, ...,m) in two time periods respectively (t,t"). Note
that the Shapley decomposition allows obtaining the marginal contribution of the within-group effect

and of the demographic effect (see applications in monetary measures with FGT in: Duclos and Araar
2000).

Shapley decomposition of change in poverty by incidence and intensity:

The adjusted headcount ratio can be expressed as the product of the multidimensional incidence and
intensity of poverty among the poor, My = H * A. Hence, the Shapley decomposition technique
(Shorrocks 1999) can be applied to decompose absolute variation in the adjusted headcount ratio into an
incidence effect and an intensity effect as follows:0

£t . £, ot .
(15) AMy= "% (H' —H') + === (A' - 4")
\ A J
e Y
Incidence of Intensity of
poverty effect poverty effect

where H'and A® respectively denote the headcount ratio and the intensity of poverty at time t.

5 This is an extract from a forthcoming paper from Rodhe (2012) which is aurrently in a work in progress status. For further
details please contact the author.

6 The result is similar to decompositions by Apablaza and Yalonetzky (2011) but based on absolute variation. Both
approaches have their metits, but absolute variations of poverty level are easier to interpret, which is an advantage for policy.
Note that decomposition of FGT income poverty measures is frequently undertaken based on absolute variation (Dudos and
Araar 2006; Ravallion and Huppi 1991; Shorrocks 1999).

OPHI Working Paper 57 29 . ophi.org. uk



Roche, IM Monitoring Progress in Child Poverty Reduction

Decomposition of the variation in intensity of poverty by dimension: The AF intensity of poverty
4, is the average deprivation share across the poor, A = |C(k)|/q. Thus, one might want to decompose
changes in intensity of poverty by changes in the deprivations experienced by the poor in each particular
dimension. Following Apablaza and Yalonetzky (2011), we know that A* = ?=1 W]-A]§ where w;denotes

the dimensional weight, with 2?21 w; =1, and A} is the share of the poor who are deprived in

dimension jat time &

When dimensional weight is constant across the period, the absolute change in intensity can be
decomposed as follows:

(16) A =3 w; (A} —A})

Note that A; can also be expressed as A} = CHJ-t/Ht; where CHjt is the censored headcount ratio of

dimension jin time tas defined in Appendix 1, and H® represents the proportion of poor people n/q.
Hence equation (16) can conveniently be expressed as a function of the censored headcount ratio in
each dimension as:

CH? CH}
(17) AA:2?=1Wd( ]/Hz— ]/Hl)

Integrated decompositions: It might be convenient to undertake an integrated analysis such as
combining the decomposition of changes in poverty by subgroup (equation 14), with the decomposition
by its components (equation 15), and decomposition by dimensions (equation 17) as follows:

(14) m (M + Mt , m [yt pyt\ (AL + At ,
My =Y (2 (g ) 4 () (B (g - )
r=1 2 r=1 2 2

+zm vi +vi\[(H + HE Zd (CH? _cH]
=1 2 2 j=1 “\H? H?
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Table Al: Comparison among different measures of intensity of child poverty

by region in Bangladesh, 1997, 2000, 2004 and 2007

Absolute Variation

Relative Variation

1997 2000 2004 2007 1997-2000 2000-2004 2004-2007 1997-2000 2000-2004 2004-2007
Bangladesh
Intensity for k=1 (AF) 61.0%  56.9%  55.9%  50.4% -4.2% 0 -0.9% -5.5% ek -6.9% F -1.6% -9.8% ek
Intensity for k=2 (AF) 62.9%  60.1%  58.5%  54.4% 2.7% o J1.6%  * -4.2% Rk -4.3% R 27% % ST A% ke
Intensity for k=3 (AF) 66.9%  65.3%  63.6% 61.1% -1.6% PRk S1T7% R 250 ek 2.4% R L26% PR -3.9% ke
Depth as % indicators (RGN) 59.9%  55.6%  54.6%  48.6% -4.3% ek -1.0% -5.9% Rk -7.2% o -1.8% -10.8%  Hk
Depth (DM) 3.6 3.3 3.3 2.9 -0.3 ke -0.1 -0.4  wEE “7.2% o -1.8% -10.8%  wHk
Weighted Depth (DM) 14.4 12.7 12.2 10.1 -1.6 R -0.6 -2.1 ek -11.3%  #0 4.4% -17.4%  wrE
Severity (DM) 5.0 5.0 4.7 4.5 -0.1 ke -0.2 -0.3 kEE -1.6% R 4.6% -5.9% ke
Barisal
Intensity for k=1 (AF) 59.2%  55.8% 57.6%  54.0% -3.4% 1.8% -3.6% * -5.8% 3.3% -6.3% %
Intensity for k=2 (AF) 61.4% 58.8% 59.8%  56.3% -2.5% 1.0% -3.5% ** -4.1% 1.6% -5.8% ¢
Intensity for k=3 (AF) 66.9%  63.6%  63.9%  61.5% -3.3% % 0.3% -2.4% * -4.9% * 0.5% -3.8% *
Depth as % indicators (RGN) 59.0%  55.2%  57.2%  53.3% -3.9% 2.1% -3.9% * -6.6% 3.7% -6.8%  *
Depth (DM) 3.5 3.3 3.4 3.2 -0.2 0.1 -0.2 % -6.6% 3.7% -6.8% *
Weighted Depth (DM) 14.0 12.3 13.0 11.4 -1.6 0.7 -1.6 % -11.7% 5.6% -12.3%  *
Severity (DM) 4.9 4.7 4.7 4.4 -0.3 0.0 -0.3 % -5.3% -0.3% -6.0% *
Chittagong
Intensity for k=1 (AF) 60.1%  54.2%  56.3%  49.9% -5.9% Rk 2.1% -6.4% Rk -9.8% e 3.9% -11.4% ok
Intensity for k=2 (AF) 62.2%  58.3%  58.9%  54.9% -3.9% Rk 0.6% -4.0%  ** -0.2% e 1.1% -6.8%
Intensity for k=3 (AF) 66.3%  64.7%  64.3%  62.4% -1.6% -0.5% -1.8% * -2.4% -0.7% 29% *
Depth as % indicators (RGN) 58.9%  53.1%  54.9%  47.6% -5.8%  Fwk 1.8% -7.3%  FwE -9.9% R 3.4% -13.2% Kk
Depth (DM) 3.5 3.2 3.3 2.9 -0.4 wwE 0.1 -0.4 ok -9.9% e 3.4% -13.20%0 Kk
Weighted Depth (DM) 14.0 11.8 12.3 10.0 -2.1 0 ek 0.5 -2.4 ek -15.3% Rk 4.5% -19.2%  wwE
Severity (DM) 5.0 4.9 4.8 4.7 -0.1 ke -0.1 -0.1  kwk 2.7% e J1.3% -2.5%  FRE
Dhaka
Intensity for k=1 (AF) 62.6% 57.1%  55.8%  50.1% -5.5% R _1.2% -5.7% Rk -8.8% M 22% -10.2% ek
Intensity for k=2 (AF) 64.6%  60.7%  58.4%  54.4% -3.8% -2.3% * -4.0% ek -5.9%  ** -3.8% % -6.8%  FwE
Intensity for k=3 (AF) 68.2%  65.5% 63.4%  60.6% 2.7% 21%  * -2.8%  ** -4.0%  ** -3.2% * -4.4%  F*
Depth as % indicators (RGN) 60.4%  55.6%  54.0%  47.8% -4.8%  F* -1.6% -6.2% Rk -7.9%  ** -2.9% -11.5% ok
Depth (DM) 3.6 3.3 3.2 2.9 -0.3  F* -0.1 -0.4 Rk -0.1 ok 0.0 -11.5% ok
Weighted Depth (DM) 14.8 12.8 12.0 9.8 2.0 -0.8 S22 kK -0.1 ok -0.1 -18.20%%  wHk
Severity (DM) 5.3 5.0 4.7 4.5 -0.2 -0.3 -0.3 Rk 0.0 ** -0.1 -5.9% ke

Source: Own calculations based on Demographic Health Surveys. Note: *** statistically significant at a=0.01, ** statistically significant at
It corresponds to a t-test hypothesis test for the difference between both years, takinginto account the complex sample design of the surveys.

Delamonica and Minujin (2007), RGN = Roelen, Gassmann & de Neubourg (2010)

0=0.05, * statistically significant at a=0.10,
AF = Alkire and Foster (2011); DM =



Continuation table Al: Comparison among different measures of intensity of child poverty

by region in Bangladesh, 1997, 2000, 2004 and 2007

Absolute Variation

Relative Variation

1997 2000 2004 2007 1997-2000 2000-2004 2004-2007 1997-2000 2000-2004 2004-2007
Khulna
Intensity for k=1 (AF) 55.3%  52.7%  51.9%  46.9% -2.6% -0.8% -4.9%  ** -4.7% -1.6% -9.5%
Intensity for k=2 (AF) 57.6%  56.8%  56.2%  51.4% -0.8% -0.6% -4.8% ek -1.4% -1.1% -8.5% ek
Intensity for k=3 (AF) 62.8%  63.3%  62.6%  59.5% 0.5% -0.7% -3.2% 0.8% -1.0% -5.1%
Depth as % indicators (RGN) 54.5%  49.7%  50.1%  45.1% -4.8%  ** 0.4% -5.0%  *F* -8.8%  ** 0.8% -10.1%  **
Depth (DM) 3.3 3.0 3.0 2.7 -0.3 0.0 -0.3  ** -0.1 ** 0.0 -10.1%  **
Weighted Depth (DM) 12.0 10.8 10.7 8.7 -1.2 -0.1 22,0 wwE -0.1 0.0 -18.5%  HHk
Severity (DM) 4.6 4.9 4.7 4.1 0.3 -0.2 -0.6 kwE 0.1 0.0 -12.0% Rk
Rajshahi
Intensity for k=1 (AF) 61.4% 58.9%  56.3%  50.1% -2.5% % -2.6% * -0.1% ek -4.1% * -4.4% * -10.9% ok
Intensity for k=2 (AF) 62.5%  61.0% 57.9%  52.7% -1.5% -3.1% R -5.2% Rk -2.5% -5.1% Rk -9.0% e
Intensity for k=3 (AF) 66.1%  65.2%  62.1%  59.3% -0.8% -3.2% R -2.8% ek -1.2% -4.9% ek -4.5% ek
Depth as % indicators (RGN) 60.9%  58.2%  55.7%  48.9% -2.8% * -2.5% % -6.8% ek -4.6% * -4.3% * -12.2%  wEE
Depth (DM) 3.7 3.5 3.3 2.9 -0.2 % -0.1 * -0.4 Rk 0.0 * 0.0 * -12.2%  wEE
Weighted Depth (DM) 14.5 13.5 12.2 9.8 -1.0  * -1.20 ok -2.4 ek -0.1  * -0.1 ** -19.8%  FwE
Severity (DM) 4.8 4.8 4.4 4.2 0.0 * -0.4 -0.3 ek 0.0 * -0.1 -0.1% KR
Sylhet
Intensity for k=1 (AF) 67.1%  64.0%  58.7%  54.8% -3.1% -5.2% % -4.0% -4.6% -8.2% % -6.8%
Intensity for k=2 (AF) 67.9%  65.6% 61.8%  58.5% -2.2% -3.9% -3.2% -3.3% -5.9% -5.3%
Intensity for k=3 (AF) 71.3%  69.4% 67.6%  65.5% -1.9% -1.8% -2.2% -2.7% -2.6% -3.2%
Depth as % indicators (RGN) 66.5%  62.9% 56.8%  54.1% -3.6% -6.0% * -2.7% -5.5% -9.6% * -4.7%
Depth (DM) 4.0 3.8 3.4 3.2 -0.2 -0.4 * -0.2 -0.1 -0.1  * -4.7%
Weighted Depth (DM) 17.3 15.8 13.5 12.2 -1.5 -2.2 -1.4 -0.1 -0.1 -10.3%
Severity (DM) 5.3 5.3 5.3 4.9 0.0 0.0 -0.5 0.0 0.0 -9.1%

Source: Own calculations based on Demographic Health Surveys. Note: *** statistically significant at a=0.01, ** statistically significant at 0=0.05, * statistically significant at 0=0.10,

It corresponds to a t-test hypothesis test for the difference between both years, takinginto account the complex sample design of the surveys. AF = Alkire and Foster (2011); DM =
Delamonica and Minujin (2007), RGN = Roelen, Gassmann & de Neubourg (2010)



Table A2: Level and variation in the censored headcount ratio for each indicator
by region in Bangladesh, 1997, 2000, 2004 and 2007

Absolute Variation

Relative Variation

1997 2000 2004 2007 1997-2000 2000-2004 2004-2007 1997-2000 2000-2004 2004-2007
Bangladesh
Health 41.3% 37.1% 25.5% 18.3% -4.1% ok S11.7% e S7.2% ek -10.0%  ** -31.4% bk -28.2%  kxx
Nutrition 68.4% 56.0% 55.7% 48.5% -12.5%  HwE -0.3% S7.2%  kwE -18.2% kR -0.5% -12.9% R
Water 4.6% 3.4% 3.3% 2.9% -1.2% -0.1% -0.3% -27.1% -3.2% -10.6%
Sanitation 69.8% 63.8% 70.8% 52.0% -6.0% ek 7.0%  FHE -18.8%  Hwk -8.7%  HF* 11.0%  *** -26.5% R
Shelter 82.6% 75.4% 76.1% 65.3% -7.3% ek 0.7% -10.8%  *xk -8.8%  *F* 1.0% -14.2% R
Information 66.0% 61.3% 59.5% 52.9% -4.7% Rk -1.8% -0.6%  FrE -7.1% A -2.9% -11.2%
Barisal
Health 31.7% 31.5% 27.3% 18.7% -0.2% -4.2% -8.5%  ** -0.6% -13.4% -31.3%  **
Nutrition 68.5% 58.1% 59.4% 56.2% -10.4%  ** 1.3% -3.3% -15.2%  ** 2.3% -5.5%
Water 9.9% 3.3% 4.3% 2.1% -6.6% 1.1% -2.2% -66.9% 32.7% -51.0%
Sanitation 64.8% 57.1% 76.4% 61.0% -7.7% 19.3%  *x* -15.4%  wek -11.9% 33.8%  *rk -20.2%  Fx
Shelter 78.7% 77.0% 81.6% 75.9% -1.7% 4.6% -5.7% -2.2% 6.0% -7.0%
Information 64.5% 67.8% 63.8% 66.0% 3.3% -4.0% 2.2% 5.1% -5.9% 3.4%
Chittagong
Health 46.6% 31.8% 27.9% 22.4% -14.8%  Hwk -4.0% -5.5% -31.7% R -12.4% -19.6%
Nutrition 70.5% 53.8% 57.2% 48.8% -16.7% ek 3.4% -8.4%  ** -23.7% R 6.3% -14.6%  **
Water 1.8% 3.3% 4.1% 3.9% 1.5% 0.8% -0.2% 84.9% 23.8% -4.1%
Sanitation 64.0% 56.5% 70.2% 47.3% -7.6% 13.8%  *** -22.9%  FwE -11.8% 24.4%  HFx -32.6%  FwE
Shelter 81.9% 69.6% 75.4% 61.2% -12.3%  FwE 5.8% -14.2%  FwE -15.1% R 8.4% -18.9%  wwE
Information 61.0% 57.9% 57.1% 47.0% -3.1% -0.8% -10.0%  ** -5.1% -1.4% -17.6%  **
Dhaka
Health 44.4% 41.2% 25.7% 19.2% -3.2% -15.5%  Fx -6.5%  ** -7.1% S37.7% R -25.3%  **
Nuttrition 67.6% 56.4% 56.5% 48.4% -11.2%  kwk 0.1% -8.0%  ** -16.6% 0.2% -14.2%  ok*
Water 3.2% 1.3% 0.3% 0.9% -1.9% -1.0%  * 0.6% -59.2% -75.8%  * 201.2%
Sanitation 72.4% 66.1% 70.2% 51.6% -6.3% 4.1% -18.6%  FwE -8.6% 6.2% -26.5% R
Shelter 82.7% 75.2% 75.6% 65.2% -7.4% 0.3% -10.3%  ** -9.0%  ** 0.4% -13.7%  **
Information 68.9% 58.8% 59.6% 52.2% -10.1% ek 0.8% -7.5% % -14.6% ok 1.4% -12.5%  *

Source: Own calculations based on Demographic Health Surveys.

Note: *** statistically significant at 0=0.01, ** statistically significant at 0=0.05, * statistically significant at a=0.10. It corresponds toa t-test hypothesis test for the difference between
both years, takinginto account the complex sample design of the surveys.



Continuation Table A2: Level and variation in the censored headcount ratio for each indicator
by region in Bangladesh, 1997, 2000, 2004 and 2007

Absolute Variation

Relative Variation

1997 2000 2004 2007 1997-2000 2000-2004 2004-2007 1997-2000 2000-2004 2004-2007
Khulna
Health 28.7% 25.9% 18.1% 10.0% -2.8% -7.8% ¢ -8.1%  kwk -9.8% -30.2% ok -44.9%  wkx
Nutrition 62.6% 47.9% 48.5% 40.5% -14.7% vk 0.6% -8.0% * -23.4%  oekx 1.2% -16.5%  *
Water 3.2% 5.4% 6.6% 6.4% 2.2% 1.3% -0.3% 69.4% 23.8% -3.9%
Sanitation 59.0% 52.8% 61.1% 47.5% -6.2% 8.3% * -13.6%  FwE -10.5% 15.6% * -22.3% ek
Shelter 76.4% 66.3% 66.7% 57.9% -10.1%  ** 0.4% -8.8% * -13.2% 0.6% -13.2%  *
Information 59.0% 53.8% 51.4% 44.4% -5.2% -2.4% -7.0% ¥ -8.7% -4.5% -13.5%  *
Rajshahi
Health 37.0% 39.4% 22.9% 12.9% 2.4% -16.6%  Pk* -10.0%  #* 6.6% -42.0% P -43.7% ek
Nutrition 68.1% 57.9% 55.1% 48.8% -10.3% ek -2.8% -6.3% * -15.1% ek -4.8% -11.4%  *
Water 5.2% 2.4% 1.0% 1.1% -2.9% -1.4% 0.1% -54.8% -58.7% 14.6%
Sanitation 76.8% 71.1% 77.0% 54.1% -5.7% 5.9% -22.9% bk -7.4% 8.4% -29.7% vk
Shelter 85.9% 81.5% 81.3% 67.6% -4.4% * -0.3% -13.7% e 51%  * -0.3% -16.8%  wkx
Information 69.2% 66.8% 65.3% 55.8% -2.4% -1.5% -9.5% k¢ -3.5% -2.2% -14.6%  **
Sylhet
Health 49.7% 49.1% 34.0% 27.8% -0.7% -15.1% ok -6.2% -1.3% -30.8% ek -18.1%
Nutrition 75.2% 64.6% 57.9% 51.0% -10.6% ek -6.7% -6.8% -14.1%  wrx -10.4% -11.8%
Water 16.5% 12.6% 12.9% 8.5% -3.9% 0.4% -4.4% -23.7% 2.9% -34.0%
Sanitation 78.1% 73.5% 66.4% 57.5% -4.6% -7.1% -8.9% -5.8% -9.7% -13.4%
Shelter 88.1% 84.8% 74.7% 70.2% -3.4% -10.1%  ** -4.4% -3.8% -11.9%  ** -5.9%
Information 72.0% 69.3% 57.6% 61.9% -2.7% -11.7%  ** 4.3% -3.8% -16.9%  ** 7.4%

Source: Own calculations based on Demographic Health Surveys.

Note: *** statistically significant at 0=0.01, ** statistically significant at 0=0.05, * statistically significant at a=0.10. It corresponds toa t-test hypothesis test for the difference
between both years, takinginto account the complex sample design of the surveys.



Table A3: Level and variation in the raw headcount ratio for each indicator

by region in Bangladesh, 1997, 2000, 2004 and 2007

Absolute Variation

Relative Variation

1997 2000 2004 2007 1997-2000 2000-2004 2004-2007 1997-2000 2000-2004 2004-2007
Bangladesh
Health 43.5% 39.8% 26.7% 19.9% -3.7%  *F* -13.2% R -6.7%  HF* -8.4%  ** -33.1% R -25.3% ek
Nutrition 74.3% 62.2% 61.4% 58.3% -12.1% ek -0.8% -3.2%  *F -16.3% R -1.3% -5.1%  **
Water 4.7% 3.6% 3.4% 3.1% -1.1% -0.2% -0.3% -23.0% -5.8% -8.1%
Sanitation 72.5% 68.4% 79.1% 58.3% -4.1%  F* 10.7% -20.7% R -5.7%  ** 15.7%  *x* -26.2%  FwE
Shelter 95.9% 94.1% 94.6% 93.5% -1.8%  ** 0.6% -1.1% -1.9%  ** 0.6% -1.2%
Information 68.5% 65.3% 62.2% 58.7% -3.2% % -3.1%  * -3.5% % -4.7%  * -4.7%  * -5.6% *
Barisal
Health 35.4% 35.0% 28.1% 19.7% -0.4% -6.9% -8.5%  ** -1.2% -19.6% -30.1%  **
Nuttrition 77.5% 62.5% 62.4% 63.4% -15.0%  FwE -0.1% 1.0% -19.3% R -0.2% 1.6%
Water 9.9% 3.3% 4.4% 2.5% -6.6% 1.1% -1.9% -66.9% 34.9% -42.6%
Sanitation 67.3% 59.9% 83.4% 64.5% -7.4% 23.5%  HF* -18.9% e -11.0% 39.2%  wHE S22.7%  kwE
Shelter 96.8% 97.4% 98.8% 98.1% 0.6% 1.4% -0.7% 0.7% 1.5% -0.7%
Information 67.4% 72.9% 66.2% 71.7% 5.5% -6.7% 5.5% 8.1% -9.2% 8.3%
Chittagong
Health 48.7% 35.1% 29.0% 24.5% -13.5% ek -6.2% * -4.5% -27.8% M 17.6% F -15.5%
Nutrition 76.0% 62.6% 63.7% 58.9% -13.4% ek 1.1% -4.8% -17.6% R 1.7% -7.6%
Water 1.8% 3.5% 4.1% 4.2% 1.7% 0.6% 0.1% 96.7% 16.4% 2.4%
Sanitation 66.8% 61.1% 79.2% 52.8% -5.7% 18.1%  **x* -26.4% R -8.5% 29.6%  HFx -33.4% Rk
Shelter 96.7% 94.7% 94.6% 92.3% -2.0% -0.1% -2.3% -2.0% -0.1% -2.4%
Information 63.7% 61.5% 58.9% 53.3% -2.2% -2.6% -5.6% -3.5% -4.2% -9.5%
Dhaka
Health 46.8% 43.5% 27.2% 21.3% -3.3% -16.3% A -6.0%  ** -7.0% -37.4% R -21.9%
Nutrition 72.7% 62.4% 62.5% 57.5% -10.3%  FwE 0.0% -4.9% -14.2% R 0.1% -7.9%
Water 3.3% 1.4% 0.4% 1.0% -1.9% -1.0%  * 0.6% -57.3% -69.6%  * 147.3%
Sanitation 75.1% 73.1% 78.9% 57.1% -2.1% 5.8% -21.8% ok -2.7% 8.0% -27.6%  FwE
Shelter 93.9% 91.6% 92.6% 91.8% -2.2% 1.0% -0.8% -2.4% 1.0% -0.8%
Information 70.6% 61.7% 62.3% 57.9% -8.9%  FwE 0.6% -4.4% -12.6%  Fx* 1.0% -7.1%

Source: Own calculations based on Demographic Health Surveys.

Note: *** statistically significant at 0=0.01, ** statistically significant at 0=0.05, * statistically significant at a=0.10. It corresponds toa t-test hypothesis test for the difference

between both years, takinginto account the complex sample design of the surveys.



Continuation table A3: Level and variation in the raw headcount ratio for each indicator

by region in Bangladesh, 1997, 2000, 2004 and 2007

Absolute Variation

Relative Variation

1997 2000 2004 2007 1997-2000 2000-2004 2004-2007 1997-2000 2000-2004 2004-2007

Khulna
Health 32.0% 29.7% 19.8% 10.8% -2.3% -9.9% -9.0% ek -7.2% -33.2% ¢k -45.3%  HF*
Nuttrition 70.7% 55.0% 55.0% 52.4% -15.8% X 0.0% -2.6% -22.3% Rk 0.0% -4.8%
Water 3.2% 6.4% 6.7% 7.0% 3.2% 0.3% 0.3% 102.3% 5.1% 4.6%
Sanitation 62.3% 57.4% 72.2% 55.6% -4.8% 14.7% -16.6% -7.7% 25.6% ¥k 22.9%  wEE
Shelter 94.6% 88.2% 92.0% 91.3% -6.4%  ** 3.8% -0.7% -6.8%  **¥ 4.3% -0.8%
Information 64.4% 61.7% 55.1% 53.4% -2.7% -6.6% -1.7% -4.2% -10.6% -3.0%
Rajshahi
Health 38.6% 41.7% 23.3% 14.0% 3.1% -18.4%  Fx -9.2% ¥k 8.1% -44.2% B L30.7% ¥
Nutrition 73.4% 62.8% 59.2% 59.5% -10.6% < -3.6% 0.3% -14.5% ek -5.7% 0.5%
Water 5.2% 2.5% 1.0% 1.1% -2.7% -1.5% 0.1% -52.6% -60.7% 14.6%
Sanitation 79.3% 73.4% 84.5% 62.5% -5.8% * 11.1% -22.1% ke -7.3% % 15.1%  *  -26.1%  FrF
Shelter 98.1% 97.7% 97.8% 95.8% -0.4% 0.2% -2.0% -0.4% 0.2% -2.1%
Information 71.1% 70.9% 68.2% 60.2% -0.3% -2.7% -8.0%  ** -0.4% -3.8% -11.8%  **
Sylhet
Health 51.1% 51.3% 36.0% 29.5% 0.2% -15.2% R -6.5% 0.4% -29.7% o -18.0%
Nutrition 80.4% 68.3% 65.5% 59.1% -12.1% R -2.8% -6.4% % -15.1% ek -4.0% -9.8%  *
Water 16.9% 12.7% 13.9% 8.7% -4.1% 1.1% -5.1% -24.4% 8.8% -37.1%
Sanitation 79.5% 76.7% 70.5% 64.0% -2.7% -6.2% -6.6% -3.4% -8.1% -9.3%
Shelter 97.1% 96.3% 94.4% 95.9% -0.8% -1.9% 1.5% -0.8% -2.0% 1.6%
Information 74.1% 71.8% 60.5% 67.5% -2.2% -11.4%  ** 7.1% -3.0% -15.8%  ** 11.7%

Source: Own calculations based on Demographic Health Surveys.

Note: ** statistically significant at a=0.01, ** statistically significant at a=0.05, * statistically significant at a=0.10. It corresponds to a t-test hypothesis test for the difference between

both years, takinginto account the complex sample design of the surveys.



Appendix Al

Figure Al: Robustness checks of poverty cutoffs (k) in changes in multidimensional poverty over time for divisions in Bangladesh 1997-2004
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Appendix A2

Figure A2: Robustness checks of different poverty cutoffs (k) in ranking among provinces across time
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