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Abstract: Child multidimensional deprivation and poverty is a key challenge to achieving sustainable
development. The aim of this paper is to present and apply a new composite index for evaluating the
progress towards eradicating child poverty: the Child Multidimensional Deprivation Index (CMDI).
This index stems from the foundational literature on multidimensional child poverty that is rooted
in the work started by UNICEF and based on the seven core dimensions of multidimensional child
deprivation, while considering two additional dimensions of environmental sustainability. The CMDI
applies a novel method of aggregation that allows for flexibility of substitution between dimensions,
therefore overcoming some of the limitations of conventional indices. Results for 24 countries show
that most countries experienced a decrease in multidimensional deprivation in the years between
2010 and 2016, but some of the poorest countries saw an increase in deprivation. Additionally, in
several countries, the decrease in child deprivation was small. Results also show that investment
in social spending is associated with a lower level of deprivation. Investment in the social sector
is crucial to achieving this goal and preventing the negative effects of economic and other types
of crisis.

Keywords: child deprivation and poverty; multidimensional poverty; composite index; SDGs;
sustainable development

1. Introduction

Sustainable development is the driving force of the 2030 agenda, and all of its global
goals are relevant for children, including those that indirectly influence children’s multidi-
mensional wellbeing [1,2].

Reducing child multidimensional poverty is a prerequisite for the future of sustainable
development, as defined in the Agenda 2030 [2]. Sustainable Development Goal 1 (SDG 1)
of the agenda aims at “reducing at least by half the proportion of children of all ages living
in poverty in all its dimensions” (Target 1.2).

The multidimensionality of poverty and child wellbeing has long been recognized, and
both academia and UN agencies have increasingly adopted a multidimensional perspective
in analyzing and addressing poverty and wellbeing. The multidimensional nature of child
poverty is explicitly recognized in the Convention on the Rights of the Child (CRC) [3],
which was signed by all countries and ratified by almost all.

In the last decade, studies on multidimensional child poverty and deprivation have
proliferated, and part of the reason has been the efforts of UNICEF in promoting the mea-
surement and analysis of child poverty in its multidimensional definition. In 2005, UNICEF
released a report analyzing severe deprivation of children in different countries using
microdata and looking at seven specific material dimensions [4]. The analysis was based on
a straightforward dual cut-off approach as defined by Gordon et al. [5]. Years later again,
UNICEF introduced the Multidimensional Overlapping Deprivation Analysis (MODA) in
the analysis of child poverty [6], which uses a triple cut-off method and incorporates ele-
ments derived from the Alkire and Foster [7] methodology. Most of the studies promoted
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by UNICEF adopt a human rights approach, rooted in the CRC. However, in their Report
Card series, which focuses on country-level analysis of OECD countries, UNICEF has
used different frameworks, such as the bioecological framework [8,9] and the SDGs [10].
Other studies of child poverty adopt different theoretical frameworks and methodologies:
some adopt the Alkire and Foster methodology and the Multidimensional Poverty In-
dex to the measurement of multidimensional child poverty, for example Trani et al. [11],
and Roche [12].

Among country-level analyses, UNICEF regularly publishes its studies on children-
relevant issues in high-income countries in the Report Card series. Other studies that use
indicators at the country level and develop indices for international comparison have also
been launched by several institutions and NGOs, for example the OECD [13], and Save the
Children [14], among others.

The main two questions this work addresses are as follows:
(1) Can we move from a micro- to a macro-measure of multidimensional child deprivation?
(2) How can environmental sustainability be included in such measures, moving

forward from the ‘classic’ measurement of child deprivation, to include a broader under-
standing of deprivation, more in line with the Sustainable Development Goals?

There are three main contributions of this study to the current literature and empirical
analysis. First, deprivation is measured in a continuum at country level, using aggregated
data (although micro-funded). Secondly, we develop a new composite index, the Child
Multidimensional Deprivation Index (CMDI), using the Multidimensional Synthesis of
Indicators (MSI) as an aggregation method to take into account the heterogeneity of
outcomes. Finally, the seven dimensions selected by UNICEF in the severe deprivations
approach [4,5] and in MODA [6] are complemented by two other material dimensions. The
latter capture the environmental dimensions of sustainability, which is much more relevant
in the Agenda 2030, therefore addressing the multi-faceted nature of child deprivation
mentioned in SDG1.

The paper is structured into five sections. In the next section, the second, the backbone
of the literature on child poverty and deprivation is recalled. In Section 3, the CMDI
and the data selected are presented. In Section 4, the main results for 24 countries are
showcased. These countries were selected according to their location by continent and
their main development characteristics. In Section 5, the main findings are discussed and
policy implications and the main conclusions are given.

2. Background: Literature Review on Child Poverty and Deprivation Measurement

The focus on children’s wellbeing had already started in the 1980s, when UNICEF
launched the State of the World Children (SotWC) [15], a publication that has now reached
its 40th edition. Each year, the new issue focuses on one particular aspect of children’s
wellbeing across the globe, while also reporting on several elements and trends of children’s
lives. The very first issue was indeed devoted to poverty and its effects on children, as it
called for a strong commitment by the global community and governments to eradicate
all the worst forms of poverty: hunger, disease, and illiteracy. The proposed concept of
poverty was already multidimensional at the time and rooted not in a monetary approach,
but in a more holistic and human perspective and based on a scoreboard approach.

Child multidimensional poverty analysis and measurement has been one of the major
concerns and objectives of UNICEF for several years. In 2005, the SotWC reported the
first global estimates of child deprivation [4]. It was the first study to conceptualize and
measure multidimensional child poverty in the developing world and it was based on the
methodology that has come to be known as ‘the Bristol methodology’, based on the work of
Gordon, Nandy, Pantazis, Pemberton, and Townsend [5]. The methodology defines seven
dimensions of material deprivation that uphold the principal rights of children through
the dimensions of adequate nutrition, clean water, acceptable sanitation services, health,
housing, education, and information [16]. The Bristol methodology uses two thresholds to
measure both moderate and severe deprivation for each indicator. It then uses a counting
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approach to aggregate dimensions, therefore considering how many deprivations each
child suffers, and it defines children experiencing three or more simultaneous deprivations
as “multidimensionally poor”. This method is designed to be applicable at a global scale,
as it is standardized and internationally comparable. Moreover, it uses standardized
household surveys collecting data on children’s conditions, such as the Demographic and
Health surveys (DHS), and the Multiple Indicators Cluster Surveys (MICS).

Since then, multidimensional child poverty has received increasing attention. In
2007, UNICEF launched the Global Study on Child Poverty and Disparities [17]: an
effort that spanned over 50 countries with the aim to mobilize national resources and
discussion around the critical issue of child poverty. The Global Study used the same
Bristol methodology. Subsequent studies operationalizing the MDCP from the child rights
approach include that of Roelen, Gassmann, and de Neubourg [18] in Vietnam.

Building on this literature, UNICEF further developed its multidimensional child
poverty approach, which continued to be based on the child rights approach in the domains
of child survival, development, protection, and participation. The resulting measure, the
Multiple Overlapping Deprivation Analysis (MODA) [6], as with the Bristol methodology,
focuses on the type and number of deprivations experienced simultaneously by each child.
Moreover, MODA uses a combination of the Bristol and the Alkire and Forster [7,19]
methods. In fact, the definition of dimensions is rooted in the child rights approach, as
with the Bristol methodology, but placing more focus on the life cycle, hence defining
five dimensions for children below the age of five, and five dimensions for children
aged 5 to 17. Since three dimensions are common to both age groups, the resulting
dimensions are still seven: health, nutrition, education, information, water, sanitation, and
housing. MODA defines also an eighth dimension: protection from violence, which is
added whenever the data allow for taking it into account. This is a substantial deviation
from the more material deprivation approach used by the Bristol methodology, but still
rooted in the child rights approach. In subsequent national studies using the MODA
approach, dimensions of deprivation related to the area of protection are often introduced,
such as child labor and exploitation, child neglect, and violent discipline [20]. The other
important discontinuity of MODA is that it introduces two indicators per dimension,
while losing the double threshold (severe and moderate), and it uses the union approach
to aggregate indicators into dimensions (which means a child is deprived if they are
deprived in either one of the indicators.). This decision has important consequences, since
it introduces an element of non-substitutability between indicators, which is consistent
with a human rights approach, but it results in violating the monotonicity property, which
requires that if an individual becomes non-deprived in any indicator, the resulting poverty
headcount should fall. With the union approach, this depends on the initial status of the
two indicators. This feature makes MODA less sensitive to random changes in indicators,
partially balancing the problem of discontinuity and ‘jumps’ in status. However, it also
results in a measure that is harder to influence and loses the possibility to conduct, for
example, decomposition analysis by indicator. MODA also incorporates elements of the
Alkire and Foster methodology by producing not only the headcount of deprived children,
but also the intensity of deprivation and the adjusted headcount.

Other studies of multidimensional child poverty can be found in literature that have
not followed the child rights approach, such as Trani et al. [11]. The latter adopts, instead,
a capability approach, akin to the multidimensional poverty index (MPI) in considering
deprivations—conceptualized as a lack of freedom to do and be what the children them-
selves value—which go beyond children’s rights exclusively, namely health, care and love,
material deprivation, food security, social inclusion, education, freedom from economic
and non-economic exploitation, shelter and environment, autonomy, and mobility. In
addition, the Global MPI estimates have started to include a count of the number of chil-
dren in households defined as multidimensionally poor, and some recent efforts have
attempted to sharpen the focus on children, such as Roche for Bangladesh, and Alkire et al.
in Bhutan [12,21].
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Studies based on a child rights framework have a more structured framework, and
are easier to communicate for advocacy purposes, while defining capabilities for children
may be more complicated. On the other hand, the MPI methodology is widely used and
tested. However, all these studies agree on a set of ‘core’ dimensions of child deprivation.

The other common denominator of all these measures is that they are based on the
definition of a dual (or triple, in the case of MODA) cut-off, which first defines deprivation
in each sub-domain as a binary status (i.e., deprived or non-deprived) and then defines
poverty in the multidimensional space according to a poverty cut-off (i.e., a poverty line).
The dual cut-off method is rooted in the study by Chakravarty and D’Ambrosio [22], who
were the first to provide a comprehensive analysis of the indices that count the number of
attributes (dimensions) below a poverty threshold. Although the dual cut-off is a useful
tool in many respects, it lacks a more nuanced and granular analysis of multidimensional
deprivation, which is more useful to monitor trends, similarly to the measures used for
consumption or income-based analyses [23].

Other studies have moved away from micro-founded indexes, and, instead, focused
on producing aggregate composite indices at the country level, therefore shifting the
focus from the overlap of multiple deprivation to the aggregate level of children’s out-
comes. For example, Bradshaw and Richardson [24] elaborated an index of wellbeing
for children in the European Union on 23 domains and 51 indicators, including mate-
rial and subjective wellbeing. Similarly, in 2009, the OECD launched the Better Life
Index: an interactive tool to compare OECD countries on several indicators of wellbeing
(http://www.oecdbetterlifeindex.org/about/better-life-initiative/, accessed on 18 January
2021), including immaterial aspects such as civic engagement and life satisfaction. Fol-
lowing the example set by UNDP with the Human Development Index (HDI), Save the
Children proposed the Child Development Index (CDI), which measured child develop-
ment in three main areas, namely health, nutrition, and education, using the under-five
mortality rate, underweight, and primary enrollment as proxies for the dimensions [14].
The CDI was followed by the End of Childhood index [25], which aims at measuring the
factors that contribute to childhood deprivation. This index uses eight indicators, with a
primary focus on children’s abuse, neglect, and negative outcomes, namely: under-five
mortality, malnutrition, out-of-school children, child labor, early marriage, adolescent
births, displacement by conflict, and child homicide. Both indices have mainly advocacy
purposes. Other indices have recently been proposed. These analyze child development
from a country level perspective using macro-data [26,27].

In this work, we follow the strand of composite indices of child-wellbeing while
using the dimensions previously identified to measure multidimensional child poverty
to construct and index at macrolevel. The aim is to look at countries’ progress on what
have been recognized as the foundational dimensions of children’s rights and wellbeing,
with the addition of two dimensions related to environmental sustainability. Constructing
a measure of deprivation at macrolevel, we lose the ability to measure the overlap of
deprivation, however, in turn, we gain the possibility to measure child deprivation for
a wide array of countries with different level of economic and social development. We
adopt the Multidimensional Synthesis of Indicators approach as a viable alternative to
the arithmetic mean and the geometric mean typically used in existing composite indices.
Moreover, we additionally introduce the novelty of applying this approach also to the
‘negative’ space of deprivation.

We herein adopt the framework of children’s rights, as it has been widely recognized
at an international and national level, to measure child deprivation, and the dimensions
of deprivation defined with this approach have been widely tested. They can also be
easily linked to basic needs and capabilities, therefore incorporating a wider theoretical
framework [23]. The opportunity and the right of every child to be healthy, have adequate
nutrition, education, access to clean water, etc. are also part of the sustainable development
agenda. In addition, we propose the inclusion of two dimensions related to environmental
sustainability; environmental sustainability is, as a matter of fact, a prerequisite for the

http://www.oecdbetterlifeindex.org/about/better-life-initiative/
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realization of children’s rights and for their full development, any effort to reduce and
eliminate child poverty and deprivation cannot ignore the dimension of environmental
sustainability. Therefore, we propose that it should be incorporated into any measure of
child deprivation.

The selection of dimensions and indicators, as well as the aggregation method, is
discussed in detail in the next section.

3. Child Multidimensional Deprivation Index (CMDI)
3.1. Selection of Dimensions

The selection of dimensions and indicators for the CMDI closely follows the dimen-
sions of child deprivation defined by UNICEF with Bristol methodology and MODA [4–6]:
nutrition, health, education, information, shelter (or housing), water, and sanitation. Both
methodologies are considered to be international standards for the measurement of multi-
dimensional child poverty and use standardized household surveys, ensuring the compa-
rability of the estimates of multidimensional deprivation across countries and time.

Here, we follow the same approach while moving to the macrolevel: we consider the
same dimensions and, to the extent possible, we select the same indicators used by UNICEF
to represent each dimension, with the only exception of housing/shelter. Indicators on
overcrowding or shelter quality are not widely available at an international level, therefore
we decided to drop this dimension and use economic resources as a proxy for the material
conditions of the family. Household assets and quality are, in fact, generally highly
correlated with economic means [28,29].

These core dimensions were then integrated by two additional ones to represent
environmental sustainability: environment, measured by CO2 emissions, and shelter envi-
ronment, measured by the quality of fuel used in the household. The former incorporates
the element of sustainability for future generations, evaluating countries on their climate
action [30]. The latter reflects the quality of the proximate environment of the child, and it
incorporates an element of long-term sustainability [31].

Our final list therefore includes nine dimensions (see Table 1): economic resources, health,
nutrition, education, information, water, sanitation, environment, and shelter environment.

Table 1. CMDI dimensions, Bristol and MODA dimensions.

Dimension Name Right to Bristol Approach (UNICEF 2005) MODA (UNICEF)

1. Economic resources have access to
economic resources Shelter: crowding, floor material Housing: crowding and floor

and roof materials

2. Health have access to basic
health services

Health: vaccinations, care for
diarrhea or ARI

Health: vaccinations and
birth attendance

3. Nutrition be nourished Food: WFA, HfA Z-scores Nutrition: WFH Z-score, infant
and young child feeding

4. Education be educated Education: never attended school or
not currently attending

Education: not attending school
or not having completed

primary school

5. Access to information access good
quality information

Information: radio, TV,
phone, newspaper

Information: household has
access to at least one communi-

cation/information device

6. Water have access to water Access to water: distance to
clean water Water: distance to clean water

7. Sanitation have access to sanitation Sanitation: type of sanitation facility Sanitation: type of
sanitation facility

8. Environment have access to clean energy No No

9. Shelter environment have a good and
protected environment No No

Source: authors’ elaboration.
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While following previous approaches to multidimensional material deprivation, it
should be acknowledged that this index, as well as its predecessors, still lacks material
dimensions that are relevant for children’s rights, such as mobility and accessibility, as well
as non-material dimensions, such as friends and leisure, love and care, and identity, among
others. Some of these dimensions could be measured with adequate data/data coverage,
while others are difficult to be understood and conceptualized at the country level.

3.2. Aggregation Method

One of the main concerns related to the conventional measures of multidimensional
poverty is that they are not usually very precise in monitoring child poverty and depriva-
tion. The reason for this is that they are based on a binary method and not on a continuum
space, which, instead, would allow a more nuanced understanding of trends and het-
erogeneity, similarly to what we can observe for monetary aggregates. Another problem
common to all micro-funded measures arises from the fact that microdata availability is still
scarce, despite strong efforts and improvements in recent years, especially for high- and
middle-high-income countries. Moreover, for most countries, there are time gaps between
household surveys of four, five, or even more years. One way to compensate for these
shortcomings is to move to the macrolevel, hence analyzing indicators at the country-level.

A weakness common to most multidimensional measures and composite indices is
the problem of the substitutability of outcomes: dimensions are generally either a perfect
substitute for each other, or weights are arbitrarily attributed.

The aggregation method selected for the CMDI to capture children’s deprivation at the
country level is the Multidimensional Synthesis of Indicators (MSI) [32], a new method of
aggregation. This method considers both the level of the outcomes as well as their degree
of heterogeneity. One of the main departures for conventional composite indices is that its
functional form allows for flexibility in substitution among dimensions [33]. In other words,
the degree of substitutability between dimensions in an MSI-style index is defined by a
function of each observation’s characteristics, such as, in this case, the country’s average
outcomes. This means that the higher a country scores in the average of dimensions, the
higher degree of substitutability between them is allowed, and vice versa. This flexibility
avoids both the perfect substitutability among dimensions, as with the arithmetic mean,
and the likely collapse to zero of the geometric mean [34]. The geometric mean and the
MSI are quite similar in the outcome, as they both penalize heterogeneity of outcomes.
However, the MSI is linked to the general mean. This is an advantage compared to the
geometric mean because it is less affected by outcomes close to zero, and it is therefore
more stable. While the geometric mean treats any decrease or increase in indicators as the
same, the MSI places a higher weight when a decrease happens in an indicator at a higher
level, since the average is reduced more.

The continuity property of the index implies that a small change in any dimension
will be associated with a small change in the overall index, thus escaping from jumps
or discontinuities that are typical in binary measures of deprivation. This full sensitivity
implies strict monotonicity of the aggregation function, so that each improvement (or
deterioration) in any unidimensional indicator of deprivation results in an increase (or
decrease) in the overall index.

The general formulation of the MSI uses a standard data matrix, with n observations
and k variables for a generic observation i.

MSIi = 1−
[

1
k ∑

j
(1− xij)

f (xi)

] 1
f (xi)

(1)

where the generic entry xij is the achievement of individual i in dimension j. Indicator
xij is bound between 0 and 1, where 0 corresponds to the lowest level of unidimensional
wellbeing, and 1 to the highest level. It follows, that gi → ∞ corresponds to the complete
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inability to compensate for wellbeing in one dimension by drawing on others, and gi = 1
corresponds to a perfect substitutability of wellbeing among dimensions for individual i.

The aggregation of these indicators into a single index involves a function f (xi) ≥ 1,
set at the individual level, indicating to what extent individual i can substitute different
dimensions to compensate for low wellbeing in one dimension relative to others.

The functional form of f (xi) permits a high degree of flexibility in terms of appropriate
substitution rates as described in Equation (2):

f (xi) =


β
α i f µi < α
β
µi

i f α ≤ µi < β

1 i f µi ≥ β

(2)

where µi is the arithmetic mean of xi, and a and b (0 ≤ α < β ≤ 1) are the thresholds
above or below which achievements are aggregated under the assumption of almost perfect
substitution (above β) or near perfect complementarity (below α).

The CMDI is a measure derived from the standard MSI method with a simple linear
transformation, where the function g is evaluated at µi, the average level of the nine
dimensions of the country, and the parameters are set as α = 0 and β = 1. The CMDI
therefore is equal to 1—MSI, and it aggregates, for each country, the outcomes of k = 9
unidimensional achievements using the following equation:

CMDIi =

[
1
9

9

∑
j=1

(
1− dij

) 1
µi

]µi

where µi =
1
9

9

∑
j=1

dij (3)

where dij is the achievement in the jth-dimension of country i. The CMDI varies between 0,
full achievement, to 1, complete deprivation.

To construct dimensions, indicators were first standardized using the same approach
used to construct the Human Development Index, according to Equation (4).

dji =
xi − xmin

xmax − xmin
(4)

where each dimension dij is composed by one standardized indicator x for the country i,
xmin is the minimum value of x, and xmax the maximum value (see next section).

Some indicators were transformed using a simple linear transformation to move to
the positive space (0 deprivation, 1 absence of deprivation); this was necessary to construct
the index as defined previously.

dji = 1− xi − xmin
xmax − xmin

(5)

3.3. Data Selection

Data availability and accessibility has considerably increased in the last two decades. The
data selection entailed careful consideration of almost all available data. Necessary considera-
tions were data availability over time and countries, statistical correlations between indicators
and their significance, and the statistical logic of formative vs. reflective indicators [35].

The data were selected according to four main criteria. First, coherence with the
theoretical framework was pursued; as much as possible, we selected the same indicators
as the one used in the multidimensional child poverty methodology. Second, dimensions
and indicators needed to be relevant for child wellbeing (see previous section) and child
rights, as well as, to the extent possible, responding to the SDGs. To this end, we referred
also to the UNICEF framework that assigns all the 44 child-related indicators of the SDGs
to five main areas of child development, namely: survive and thrive, learn, protection,
environment, and fair chance [2]. Third, we used objective data, which are usually preferred
over subjective assessment of wellbeing. Comparable subjective assessments are rare,
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and they do not cover all countries or child populations (see, for example, the World
Value Survey (http://www.worldvaluessurvey.org/wvs.jsp, accessed on 18 January 2021).
Finally, data should be comparable, consistent, and of high quality. For this reason, we
selected indicators based on data availability, comparability, and providing a satisfactory
coverage both in terms of number of countries and time span (preferably data from 2000 or,
at least, covering the last decade).

Indicators for the core dimensions were chosen as the most representative for each
dimension and for their availability, for example, MODA uses young child feeding as
an indicator for the nutrition of under-five children, but this indicator is not available
at aggregate and internationally comparable levels. We also used indicators that have
already been validated by other indices: we used the gross national income (GNI) per
capita expressed in constant purchasing power parity (PPP) dollars (2017) instead of the
GDP, as this is also the indicator used for the Human Development Index. For the same
reason, we use expected years of schooling as an indicator of education. For drinking water,
we used access to basic drinking water, since this indicator is more widely available than
the SDG indicator of safely managed water. The same is true for sanitation, where we use
the indicator of access to basic sanitation for rural areas: this allows for a higher country
coverage and is a better proxy, since, in many countries, the issue of access to sanitation is
mostly a rural problem. For access to information, we chose to use the level of access to
the internet over other indicators; in fact, the massive shift towards online communication
makes access to the internet a priority in order to allow children to be informed, educated,
and participate in society. The recent shift to online teaching caused by the coronavirus
pandemic has shown how much the digital divide can impact children’s lives [36].

The process resulted in nine dimensions defined by nine indicators (see Table 2). For
this application, we tested the index on 24 countries, selected to represent a variety of
geographical as well as socio-economic contexts: Australia, Belarus, Bolivia, Brazil, Central
African Republic, China, Colombia, Egypt, Ghana, India, Indonesia, Italy, Jordan, Liberia,
Madagascar, Norway, Pakistan, Russia, Senegal, South Africa, Uganda, United Kingdom,
Unites States of America, and Zimbabwe.

Table 2. Dimensions, Indicators, and reference values.

Dimensions Indicators Mean Reference Min Reference Max Source Years

Economic
resources GNI per capita (2017 PPP) 20155.79 100 75000 WB 1990–2018

Health Immunization coverage
(DPT + measles) 88.14 0 100 WDI 1990–2018

Nutrition Undernutrition 11.10 1.40 43.3 SDG
tracker/FAO 2000–2017

Education Expected years of schooling 13.01 0 18 WDI 2000–2017

Information Access to the internet 45.72 0 100 WDI 2000–2018

Water Access to basic
drinking water 87.48 0.00 100.00 World Bank,

WHO, UNICEF 2000–2019

Sanitation
Access to basic sanitation

facilities for the
rural population

70.41 0.00 100.00 World Bank,
WHO, UNICEF 2000–2019

Environment CO2 emissions (tons per
1000 people) 4.975 0.025 30 WB 1990–2016

Shelter
environment

Clean cooking fuel
(% population) 63.74 0.00 100.00 WB-WDI 2000–2016

Source: authors’ elaboration.

http://www.worldvaluessurvey.org/wvs.jsp
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The data used were collected from several international sources. The main data source
used is the World Bank Open Data repository, and their sustainable development indicators
database. Other sources include WHO, UNICEF, and FAO. The indicator of CO2 was
transformed in relative terms, for 1000 people, to allow for comparability across countries.
It was also transformed from kilotons into tons, to make the order of magnitude more
comparable. CO2 data for Italy for the years 2015 and 2016 have been acquired from the
National Institute for Environment Research and Protection: https://www.isprambiente.
gov.it/it, accessed on 10 February 2021.

Not all indicators go back before 2010, and only a handful are available for the
pre-2000 period, while most indicators, however, have good time and country coverage
after 2010. Our main focus and empirical analysis in this study is related to the latest
year available, which is 2016, since environmental indicators are not available for 2017,
and many indicators are missing for 2018. For the analysis of trends, we focused on the
post-2009 period, representing the latest decade of development.

Table 2 summarizes the indicators, their coverage in terms of time and countries, and
their source. The table also reports the mean value of each indicator and their reference
minimum and maximum values; these are the values used to standardize the indicators.
We decided to use the plausible theoretical minimum and maximum grounded either in
the literature or theory, or, if not possible, in the historical series of the indicator. This
allows a better comparability among countries and it reduces the effect of variance among
the different indicators used, producing a better alignment. It also allows the CMDI
comparability across years so that the index can be used in both time series and cross
section analyses.

The CMDI is constructed for each country aggregating the nine domains following
Section 3 as shown in Equation (3).

The next table (Table 3) presents the raw indicators for the selected countries in
2016, while the following table (Table 4) reports the single dimensions of deprivation
for each country in 2016, where 0 is absence of deprivation and 1 is deprivation. Richer
countries show, as expected, lower level of deprivation in dimensions such as water,
sanitation, and resources. However, they clearly show higher levels of deprivation in the
environment dimension.

The next section illustrates the aggregate results for this group of countries.

https://www.isprambiente.gov.it/it
https://www.isprambiente.gov.it/it
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Table 3. Raw indicators by country, 2016.

GNI per Capita Immunization Undernutrition Years of Expected
Schooling Internet Access Basic Drinking

Water
Basic Sanitation

Access CO2 Emissions Clean Cooking
Fuel

Australia 47,467.52 94.50 2.40 22.90 86.54 99.97 99.99 15.54 100.00
Belarus 17,003.77 98.00 2.40 15.50 71.11 96.47 96.30 6.13 98.18
Bolivia 8056.54 90.50 17.30 13.60 39.70 92.18 34.64 1.96 64.00
Brazil 14,138.94 92.00 2.40 15.40 60.87 97.85 58.72 2.24 95.59

Central
African Rep 903.08 48.00 59.80 7.60 4.00 46.33 9.05 0.07 0.97

China 13,274.63 99.00 8.60 13.90 53.20 92.30 74.34 7.18 59.26
Colombia 14,183.13 92.00 5.60 14.60 58.14 96.96 74.53 2.03 91.79

Egypt 10,646.59 95.00 4.40 13.10 41.25 99.03 91.07 2.53 97.62
Ghana 4632.91 91.00 5.90 11.60 34.67 80.44 11.39 0.59 21.71
India 5766.31 88.00 14.90 12.30 22.00 91.86 50.14 1.82 41.04

Indonesia 10,195.47 77.50 8.60 12.90 25.45 88.66 61.97 2.15 58.37
Italy 41,136.13 90.50 2.40 16.20 61.32 99.44 98.64 5.21 100.00

Jordan 9790.38 97.00 11.80 11.90 62.30 98.97 96.39 2.63 99.06
Liberia 1383.38 79.50 38.10 9.60 7.32 72.45 5.77 0.30 0.71

Madagascar 1508.77 68.00 43.00 10.40 4.71 53.18 6.15 0.16 0.91
Norway 64,776.54 96.00 2.40 18.00 97.30 100.00 98.30 7.84 100.00
Pakistan 4691.27 75.00 20.60 8.60 12.39 91.14 48.07 0.99 43.32
Russia 24,994.44 97.50 2.40 15.50 73.09 96.96 76.76 12.00 98.25

Senegal 3014.22 93.00 12.00 9.00 25.66 79.46 38.57 0.73 31.65
South Africa 12,356.60 80.50 6.10 13.70 54.00 92.27 72.61 8.48 84.75

Uganda 1715.60 86.00 39.70 11.30 21.88 47.67 16.14 0.14 0.77
UK 44,334.73 93.00 2.40 17.40 94.78 100.00 99.47 5.78 100.00

USA 60,023.94 93.50 2.40 16.30 85.54 99.26 99.88 15.50 100.00
Zimbabwe 2775.37 92.50 50.90 10.40 23.12 64.51 31.79 0.78 29.05

Source: authors’ elaboration.
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Table 4. Dimensions by country, 2016.

Deprivation
in Resources

Deprivation
in Health

Deprivation
in Nutrition

Deprivation
in Education

Deprivation
in Information

Deprivation
in Water

Deprivation
in Sanitation

Deprivation
in Environment

Deprivation in
Shelter Environment

Australia 0.37 0.05 0.00 0.00 0.13 0.00 0.00 0.46 0.00
Belarus 0.77 0.01 0.00 0.14 0.29 0.04 0.04 0.18 0.02
Bolivia 0.89 0.09 0.32 0.24 0.60 0.08 0.65 0.06 0.36
Brazil 0.81 0.07 0.00 0.14 0.39 0.02 0.41 0.07 0.04

Central
African Rep 0.99 0.52 1.00 0.58 0.96 0.54 0.91 0.00 0.99

China 0.82 0.00 0.13 0.23 0.47 0.08 0.26 0.21 0.41
Colombia 0.81 0.07 0.07 0.19 0.42 0.03 0.25 0.06 0.08

Egypt 0.86 0.04 0.04 0.27 0.59 0.01 0.09 0.07 0.02
Ghana 0.94 0.08 0.07 0.36 0.65 0.20 0.89 0.02 0.78
India 0.92 0.11 0.27 0.32 0.78 0.08 0.50 0.05 0.59

Indonesia 0.87 0.22 0.13 0.28 0.75 0.11 0.38 0.06 0.42
Italy 0.45 0.09 0.00 0.10 0.39 0.01 0.01 0.15 0.00

Jordan 0.87 0.02 0.20 0.34 0.38 0.01 0.04 0.08 0.01
Liberia 0.98 0.20 0.76 0.47 0.93 0.28 0.94 0.01 0.99

Madagascar 0.98 0.31 0.87 0.42 0.95 0.47 0.94 0.00 0.99
Norway 0.14 0.03 0.00 0.00 0.03 0.00 0.02 0.23 0.00
Pakistan 0.94 0.24 0.39 0.52 0.88 0.09 0.52 0.03 0.57
Russia 0.67 0.02 0.00 0.14 0.27 0.03 0.23 0.35 0.02

Senegal 0.96 0.06 0.20 0.50 0.74 0.21 0.61 0.02 0.68
South Africa 0.84 0.19 0.08 0.24 0.46 0.08 0.27 0.25 0.15

Uganda 0.98 0.13 0.80 0.37 0.78 0.52 0.84 0.00 0.99
UK 0.41 0.06 0.00 0.03 0.05 0.00 0.01 0.17 0.00

USA 0.20 0.06 0.00 0.09 0.14 0.01 0.00 0.46 0.00
Zimbabwe 0.96 0.07 1.00 0.42 0.77 0.35 0.68 0.02 0.71

Source: authors’ elaboration.
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4. Results

The next figure illustrates the level and ranking of deprivation for the selected 24 coun-
tries: countries with higher deprivation are showcased on the right-end side of the graph.

The five most deprived countries, Central African Republic, Madagascar, Liberia,
Uganda, and Zimbabwe, all present very high levels of deprivation: from 0.67 of Zimbabwe
to 0.84 of the Central African Republic. The middle of the distribution presents values
between 0.25 and 0.55, while the countries with the lowest deprivation have values under
0.22. The results are in line with those of other aggregate indicators: countries in the lower
part of the rank are among the poorest countries, and countries in the higher rank are
all high-income countries. Still, countries such as the USA, Australia, and Italy, all have
a CMDI value over 0.1, and among the ten countries with the lowest deprivation, we
find countries like Belarus, Colombia, and Jordan. Among African countries, Senegal and
Ghana both have a score slightly higher than 0.5, similar to Pakistan, but quite a bit lower
than Zimbabwe and Uganda (Figure 1).
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Figure 1. CMDI value, 2016. Source: authors’ elaboration.

As the aggregation method allows for less substitutability between dimensions for
higher levels of overall deprivation, countries with a higher deprivation level are more
heavily penalized by the CMDI than they would be by a simple average of deprivations.
This is illustrated in the next figure (Figure 2), which shows how the distance between
the arithmetic mean and the CMDI score becomes larger the higher the overall level
of deprivation.

While many of the most deprived countries are also poor countries, the relationship
with the monetary aggregate is not linear. The next table (Table 5) compares the ranking in
CMDI and deprivation in gross national income. We can see that the ranking is not so dif-
ferent, given the low number of countries. However, there are some relevant discrepancies:
for example, Jordan would rank 11th if accounting only for deprivation in income, while it
results as 16th in the CMDI, showing a better performance in preventing child deprivation
than what would be predicted by monetary metrics alone.
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Table 5. Rank by CMDI and GNI deprivation 2016.

CMDI Value Rank GNI Deprivation Rank

CAR 0.84 1 0.99 1
Madagascar 0.79 2 0.98 3

Liberia 0.75 3 0.98 2
Uganda 0.72 4 0.98 4

Zimbabwe 0.67 5 0.96 5
Ghana 0.55 6 0.94 7

Pakistan 0.54 7 0.94 8
Senegal 0.53 8 0.96 6

India 0.47 9 0.92 9
Bolivia 0.42 10 0.89 10

Indonesia 0.41 11 0.87 12
China 0.33 12 0.82 15

South Africa 0.31 13 0.84 14
Egypt 0.27 14 0.86 13
Brazil 0.25 15 0.81 16
Jordan 0.25 16 0.87 11

Colombia 0.25 17 0.81 17
Russia 0.22 18 0.67 19
Belarus 0.19 19 0.77 18

Italy 0.15 20 0.45 20
Australia 0.13 21 0.37 22

USA 0.12 22 0.20 23
UK 0.09 23 0.41 21

Norway 0.05 24 0.14 24
Source: authors’ elaboration.

This becomes clear in Figure 3; the relationship between the CMDI and income
deprivation is clearly non-linear. First, all the points fall below the 45◦ line, meaning
that all countries have a level of deprivation that is lower than that predicted by their
income. Second, it is clear that the relationship is very elastic for low levels of income (the
right-hand side of the graph), while it becomes almost flat after a certain level of income
(i.e., moving towards the origin). This implies that, at low levels of national income, even a
small increase can make a substantial difference in child deprivation, while the relationship
quickly becomes less relevant (almost non-significant) as national resources increase.
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This reflects both a higher level of general development, but also an increase of
national resources that can be allocated to social investments and programs.

The next graph illustrates the relationship between the CMDI in 2016 and the average
change in national expenditures in health, education, and social protection between 2010
and 2016. Expenditures are expressed as a percentage of GDP, and the average value of the
change calculated on annual basis was considered.

This shows a clear negative relationship between expenditures in the social domain
and the level of deprivation (Figure 4); countries that see an increase in social spending
have lower level of CMDI in 2016. This is partially obvious and expected; however, many
of the indicators in the CMDI are tied to infrastructure investment, which is not accounted
for in social spending. While not a causal link, it is undeniable that social spending in key
sectors such as education, health, and social protection is crucial for child wellbeing. It
is also interesting to note that many countries, while enjoying low levels of deprivation,
have also invested very little in social spending in the period between 2010 and 2016. This
could result in increasing levels of child deprivation in the future. In fact, evidence shows
that the austerity ensuing after the 2007–2008 financial crisis has had a detrimental effect
on children [37].

Finally, the next figure (Figure 5) showcases the trends and change in child deprivation
over time. We can see that most countries exhibit a decrease, albeit small, in deprivation
between 2010 and 2016, with the exceptions of the Central African Republic, Zimbabwe,
and Madagascar. Some countries, such as China, Indonesia, and Bolivia, show a marked
downward trend in deprivation, while, for many others, the line is almost flat, especially
for higher income countries such as Italy, the USA, and Australia. This is worrying as these
are mostly the countries that also did not increase social spending in the time between 2010
and 2010, and the lack of improvement could turn into a worsening of child deprivation.
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The different trends between countries become clearer when we compare the level
of the CMDI in 2016 and the change between 2010 and 2016, as illustrated in Figure 6.
The graph is divided in four ‘quadrants’ by two lines representing, respectively, positive
and negative change (vertical line on the 0), and high vs. low level of child deprivation,
corresponding to a level of 0.30.
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Countries in the first quadrant, in red, are countries with high level of deprivation
of the CMDI, and which have also experienced an increase in the level of deprivation
between 2010 and 2016; Central African Republic, Madagascar, and Zimbabwe all fall in
this quadrant. This is very problematic when we consider the already poor resources of
these countries.

Countries in the fourth quadrant, in dark blue, are countries with high level of
deprivation in 2016, which, however, have witnessed a decrease in child deprivation.
Finally, the third quadrant showcases the ‘best performers’: countries with a low level of
deprivation that have seen a decrease in recent years. However, it should be noted that the
decrease in deprivation is quite small for all countries, not surpassing −0.32 of Norway.
Moreover, it can be noted that for some countries, the decrease in the value of the CMDI is
quite small: Liberia and Uganda, for example, are very close to the vertical line, as well as
Italy (even if at a low level of deprivation).

5. Conclusions

This paper presents and applies a novel composite index to measure child multi-
dimensional deprivation, the Child Multidimensional Deprivation Index (CMDI). The
aim of the index is to measure and track progress towards the reduction of child depri-
vation and poverty. The CMDI uses the core dimensions of child deprivation as defined
by UNICEF [4,5] and then used in the subsequent measures of multidimensional child
poverty [6]. We can highlight three main contributions and novelties of our study. Firstly,
deprivation is measured in a continuum at the country level, starting from aggregated
data. We move from a definition of child deprivation rooted in individual microdata, to a
broader assessment at the country level. We also shift from classic poverty measures, such
as poverty headcount derived from a poverty line to a continuous index of deprivation,
which allows for a more nuanced understanding and monitoring of child deprivation.
Secondly, the CMDI is derived from the Multidimensional Synthesis of Indicators (MSI) as
a method of aggregation, which takes into account the heterogeneity of outcomes, thus al-
lowing for overcoming some of the main limitations of conventional aggregation functions
such as the arithmetic and geometric means. The use of the MSI implies that the substi-
tutability of dimensions depends on the overall level of achievement. Finally, the seven
dimensions selected by UNICEF in the severe deprivations approach are complemented
by two other dimensions also capturing the environmental dimensions of sustainability,
which are, indeed, much more relevant in the Agenda 2030 and address the multi-faceted
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nature of child deprivation mentioned in SDG1. The selected dimensions are: economic
resources, health, nutrition, education, information, water, sanitation, environment, and
shelter environment. The main difference with the core dimensions of child deprivation
is in the use of economic resources as a proxy for household resources, instead of shelter
quality. The two dimensions of environmental sustainability are measured by the level of
CO2 emissions of a country, and the percentage of the population having access to clean
fuels. Data were collected from different international sources and aggregated in a dataset
covering the years from 2010 to 2016 for 24 selected countries: Australia, Belarus, Bolivia,
Brazil, the Central African Republic, China, Colombia, Egypt, Ghana, India, Indonesia, Italy,
Jordan, Liberia, Madagascar, Norway, Pakistan, Russia, Senegal, South Africa, Uganda,
the United Kingdom, the USA, and Zimbabwe. The dimensions can already be used as
a scoreboard to assess the level of countries in each different area; however, the CMDI
gives an overview of the level and progress towards the reduction and elimination of
child poverty and deprivation, including the fundamental components of environmental
sustainability, while taking into account heterogeneity between dimensions. This implies
that if two dimensions have a strong degree of trade-off, resulting in different outcomes,
this is reflected in the final score. Given the particular method of aggregation, the CMDI
also highlights trade-offs between dimensions, and can also increase transparency and
readability. Finally, as with other composite indices, it can rank countries’ performance,
and benchmark countries’ progress along each dimension.

Results demonstrate that, using CMDI, we can monitor countries’ development (eco-
nomic, social, and environmental), centered on child wellbeing. The majority of the selected
countries experienced a decrease in child deprivation between 2010 and 2016. However, in
many cases, the change was small for countries with both high and low levels of depriva-
tion, while for three countries (the Central African Republic, Madagascar, and Zimbabwe)
there was actually an increase in child deprivation. This is particularly worrying since
these countries are already experiencing a very high level of poverty and child deprivation,
as well as internal political struggles in the case of the CAR and Zimbabwe. The results
also show a negative relationship between child deprivation and social spending; however,
many countries saw a reduction or a very small average increase of social spending in the
years post 2010. This is particularly worrying since, in the long-term, it could result in
rising levels of child deprivation, especially since many of these countries show virtually
no change in child deprivation in the last decade.

While some progress has been made, we are still far from substantially reducing
child deprivation and promoting sustainable development. The fact that the CMDI has
decreased slowly or even increased in vulnerable and poor countries is worrying. This
holds true especially in the face of the current pandemic and its inevitable consequences in
terms of loss of national income and, therefore, ability to invest in human development,
as well as in the prospect of future challenges related to climate change. Even as the
response to the current crisis has been almost overwhelmingly one of increased social
support from countries [38], worsening economic conditions induced by the pandemic are
likely to result in shrinking economic resources. This is particularly worrying in the light
of our findings, and countries should make a substantial effort to prevent a worsening of
children’s wellbeing. The progress made so far risks being reversed if action is not taken to
contrast the negative effect of the current and foreseeable future crisis.
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