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A Household-Level Human
Development Index

Abstract

One of the most serious weaknesses of the human development index (HDI) is does not
take into account the distribution of human development within a country. All previous
attempts to capture inequality in the HDI have also used aggregate information and there
exists no HDI at the household level. We provide a method for proxying the HDI at the
household level. This allows the analysis of the HDI by any kind of population subgroups
and by household socioeconomic characteristics as well as to apply any kind of inequality
measure across population subgroups and over time. We illustrate our approach for 15
developing countries. Inequality in the HDI is stunningly large for some countries, driven
mostly by very high inequality in the education and income components of the HDI. The
inequality in human development is larger than previously reported which is largely due to
the new procedures for calculating the HDI used in the 2010 Human Development Report.
Inequality in the HDI is largest in poorer countries, particularly in Sub-Saharan Africa.

Key words: Human Development Index, Income Inequality, Differential Mortality, In-
equality in Education.



A Human Development Index at the Household Level

1 Introduction

The HDI is a composite index that measures the average achievement in a country in three
basic dimensions of human development: health, education, and standard of living. Since
last year’s 20th anniversary Human Development Report, the indicators used to calculate
the index are the following: life expectancy at birth for the health component, mean years
of schooling for adults and expected years of mean schooling for children for the education
component, and the log of the PPP-adjusted Gross National Income per capita for the
standard of living component (UNDP 2010).

In its 20 year history, it has become one of the most widely used indicators for com-
parisons of welfare, which is linked to its grounding in multidimensional well-being mea-
surement as in its transparency and simplicity. At the same time, there have been many
criticisms, ranging from the neglect of some relevant dimensions (see e.g. Anand and Sen
(1992), Ranis, Stewart and Samman (2006)), implied substitution possibilities and trade-
offs linked to allegedly arbitrary weighting schemes (see e.g. Kelley (1991), Srinivasan
(1994) and Ravallion (1997))! as well as the neglect of distribution of achievements within
a country (see e.g., Sagar and Najam (1998), Grimm et al. (2008)). It is this last issue that
we address in this paper by proposing and applying a method that allows the calculation
of the HDI at the household level and thus allows a direct assessment of inequality in the
HDI, and decompositions of inequality by subgroups.

There are some papers that address the inequality in the HDI. Anand and Sen (1992)
and Hicks (1997) suggested to discount each dimension index by one minus the Gini
coefficient for that dimension before the arithmetic mean over all three is taken. Therefore,

high inequality in one dimension lowers the index value for that dimension and, hence its



contribution to the HDI. Although the idea of such a discount factor is rather intuitive,
the Gini-corrected HDI has not been widely used, largely due to data constraints.

Related to this approach and based on further work by Alkire and Foster (2010), the
2010 Report UNDP did provide, for the first time, an inequality-adjusted HDI for a large
number of countries. The IHDI ’discounts’ the average achievements in a dimension by
inequality in the dimension. If, for example, income is distributed highly unequally in a
country, the inequality-adjusted achievement will be lower than in another country with
the same average income but lower inequality.? What this IHDI tries to measure, therefore,
is the extent to which inequality reduces well-being in a dimension and thus human devel-
opment overall, which is an interesting and important aim. But it is important to point
that it remains an aggregate index that simply adjusts human development by inequality
in its dimensions. It does not, therefore, allow an assessment of human development at the
household level, the aim of this paper; nor does it allow an assessment of inequality levels
in the HDI and its components, or decompositions by subgroups. Similarly, it cannot
consider the joint distribution of different human development dimensions. For example,
as long as inequality in education and incomes are the same in two countries it does not
matter whether all education poor have high incomes in one country, and in the other one
the education poor are also income poor.?

There is a second difference of the IHDI to what we propose here. The IHDI considers
the inequality in actual life lengths associated with a particular life expectancy as the
relevant inequality in health. For example, if average life expectancy is 60, there will be
some who die at age one, some at age five, some at age 25, and many at ages 60 and above.
The inequality in achieved life lengths (only some of which is related to socioeconomic
inequalities) is considered the relevant inequality here.* In contrast, we will try to measure

socioeconomic differentials in life prospects and use them as the relevant indicator in our



measure.

There are more closely related precursors to our work. Grimm et al. (2008, 2009)
produce an HDI for different income quintiles. Based on a method and computations
described in detail in Grimm et al. (2006), the HDR 2006 presented a HDI for all five
income quintiles for a sample of 11 OECD countries and 21 developing countries. Harttgen
and Klasen (2011) calculate the HDI separately for internal migrants versus non-migrants.?
Both of these papers calculate the HDI separately for the specified groups. One cannot
use these results to calculate unconditional inequality measures such as the Gini coefficient
for the HDI or its components, or calculate it for other groups.

In short, all previous attempts to capture inequality in the HDI either use aggregate
inequality information or use aggregate group information. To date, there exists no HDI
at the household level based only on information coming from the household level. This
paper provides a method and an illustration for calculating the HDI at the household level.
This will allow a large range of previously unavailable analysis to yield new insights with
respect to levels and changes of human development. It immediately allows comparisons
across population subgroups (e.g. urban, rural), by income and other population groups
like the mentioned papers. Furthermore, it provides a completely new opportunity to ana-
lyze differences in the HDI between household specific characteristics.® In addition, having
calculated an HDI at the household level, one could calculate any kind of inequality mea-
sure of the HDI, compare it across space and time, and decompose it within and between
groups. Also, one could apply the methods used by the IHDI to generate components
indices and an HDI that penalizes for inequality between people within each dimension,
and between dimensions.

When constructing such a household-level HDI, data availability is the key constraint

one needs to address. Today household income surveys are widely undertaken and provide



data on income distribution. However, it is much more difficult to get data on inequality
in life expectancy and educational achievements and hardly any household surveys exist
that contain high-quality data on health, education, and incomes in one survey.

In addition, there are some conceptual issues to face when moving calculating an
HDI at the household level. First, life expectancy is an aggregate indicator summarizing
current mortality conditions that cannot be estimated directly at the household level. At
the same time, mortality information at the household level can be used in an imputation
or simulation techniques to generate life expectancies at the household level. Second, no
information on educational enrolment exists for households without children.

These data and conceptional constraints allows us only to calculate a proxy HDI at
the household level. But such an HDI proxy at the household level is important because it
allows to take explicitly study the inequality in human development between population
subgroups and by socioeconomic status. It also immediately considers the joint distribu-
tion of disadvantages across dimensions at the household level, which cannot be assessed
using the IHDI or previous approaches to study distribution-sensitive human development
achievements.

The objective of this paper is to illustratively demonstrate the feasibility of such an
approach. We illustrate our approach for 15 developing countries using DHS survey data.
Because of the comprehensive availability of the DHS data, the household-based HDI can
be calculated for than 50 countries for several time periods. The reminder of this paper
is organized as follows. Section two presents our methodology. Section three presents the

sample of countries and presents the results. Section four concludes.



2 Methodology

2.1 Calculating the GNI index

For our analysis we rely on DHS data where information on education and mortality is
available. We start with the calculation of the GNI component of the HDI. Since we
do not have information on income or expenditure in the DHS data sets that can be
used for our analysis, we consider an alternative approach to determine the socioeconomic
status of a household, which we use as a proxy for the income component of the HDI. In
particular, we combine an asset index approach in defining well-being proposed by Filmer
and Pritchett (2001) and Sahn and Stifel (2000) with an income simulation approach. We
thereby simulate income levels for each household in the DHS data sets to overcome the
problem that the DHS do not contain information on income or expenditure.

We proceed in five steps. In a first step, we calculate an asset index fou households
included in the DHS. The main idea of this approach is to construct an aggregated uni-
dimensional index over the range of different dichotomous variables of household assets
capturing housing durables and information on the housing quality that indicate the ma-
terial status (welfare) of the household.” For the estimation of the weights and for the
aggregation of the index, we use a principal component analysis proposed by Filmer and
Pritchett (2001), relying on the first principal component of our asset index.® In par-
ticular, as components for the asset index we include dichotomous variables whether the
following assets in a household exist or not: radio, TV, refrigerator, bike, motorized trans-
port, capturing household durables and type of floor material, type of wall material, type
of toilet, and type drinking water capturing the housing quality and we calculate the asset
indices separately for each country and period.’

The use of the asset index as a proxy for material welfare (i.e. income or expenditures)

requires some further discussion. A large body of literature exists using an asset index



to explain inequalities in educational outcomes (e.g. Ainsworth and Filmer 2006; Bicego
et al 2003), health outcomes (e.g. Bollen et al. 2002; Schellenberg et al 2003), child
malnutrition (e.g. Sahn and Stifel 2003; Tarozzi and Mahajan 2005), child mortality (e.g.
Sastry 2004) when data on income or expenditure is missing. In addition, asset indices
are used to analyze changes and determinants of poverty (Harttgen and Misselhorn 2006;
Sahn and Stifel 2000; Stifel and Christiaensen 2007; World Bank 2006).

The literature has also examined whether it can serve as an appropriate proxy for
income or expenditure. For example, Stewart and Simelane (2005) validate the use of
the asset index as a proxy for income to predict child mortality in South Africa. They
find a very close relationship between income and the asset index. The recent paper
by Filmer and Scott (2008) provides an excellent validation of the use of various asset
index methods by comparing how asset index outcomes match to results using per capita
expenditures with respect to the ranking of households and with respect to inequality
analysis outcomes in education, health care use, fertility, and child mortality. They show
that inferences about inequalities in education and health are robust to the use of the
asset index. The gradient of the outcomes of the asset index closely follows the outcome
using per capita expenditures.'® Using Mexico’s national income and expenditure survey,
McKenzie (2005) also shows that assets provide a reliable proxy for inequality in education,
after controlling for household income and demographic characteristics. However, Howe et
al. (2009) provided a systematic review of studies that used the asset index and found that
the asset index is not performing well in proxying consumption expenditures. Filmer and
Scott (2008) argue that targeting of social program to the lowest population quintile on
the basis of the asset index would therefore only partly reach the same households. They
found that the assets index identifies especially the more rural and smaller households

as deprived, compared to per capita expenditure. However, they conclude that because



the gradient of the economic status is similar to that of per capita expenditure using the
asset index would not lead to a misleading targeting and that using the asset index even
allows to identify the most deprived households in terms education, health, and labor force
participation.

Hence, the asset index should not be seen as a perfect proxy for income or expenditure.
But, in the absence of information on household income or expenditure, the ownership of
assets can be used to measure inequalities in living standards based on an asset index.
Thus, the welfare ranking based on an asset index do not lead to the exact welfare ranking
based on per capita expenditure but the gradient of both measures is similar.!!

In fact, one may also argue that the asset index even allows to identify the most
deprived households better than incomes since assets may be a better proxy for long-term
income than annual income as the asset index is less vulnerable to fluctuations over time
than income or expenditure.!? Therefore, using the asset index provides a good indicator
of longer-term living standards, which is in line with the basic idea of the HDI.

While this literature has demonstrated the use of the asset index to measure poverty
or study the determinants of health or education, the use of the asset index to derive
a welfare distribution has to address some additional challenges. First, the asset index
might not correctly reveal standard of living differences between urban and rural areas.
The asset index can bias estimates of living standards upwards in urban areas as many
assets are cheaper there and preferences for such assets are higher. As a result, urban
households typically own more (and other) assets than rural households.

Second, by definition, the asset index is a discrete function. This discreteness causes
difficulties estimating a continuous distribution. The ability to use the asset index as a
proxy for a continues variable such as income or expenditure depends, therefore, on the

number of assets incorporated in the asset index (Howe et al 2009; McKenzie 2005). This



problem can be reduced by increasing the numbers of indicators incorporated in the index.
In our case, similar to McKenzie (2005), we incorporate least 25 assets into the index.!3

Third, the distribution of assets is invariably more equal than the distribution of income
it is meant to proxy. This is an issue we will explicitly deal with below.

In a second step, we derive a log normal distribution (LN) based on the respective
country specific mean income per capita and the respective Gini coefficient reported in the
PovcalNet database of the World Bank (and based on a household income or expenditure
survey). Formally, the log-normal distribution LN (u, o) is defined as the distribution of
the random variable Y = exp(X), where X ~ N(u,0) has a normal distribution with

mean p and standard deviation o. It can be shown that the density of LN (u,0) is

1

To/ 2T

Flaip,0) = ce(os@=m)®/20% g s, (1)

and its mean and variance are given respectively by

2

B(Y)=e™ R Var(Y) = (7 — 1)e2to 14 (2)

The parameters p and o of LN (u,0) can be determined from the average income E(Y)

and the Gini coefficient G as follows.
1
o=v20"" (G2+> . p=log(E(Y)) —o?/2.

Hence, with the two parameters, the mean income per capita and the Gini, we are
able to estimate p and o of the density function of the log normal distribution for each
country. While likely to provide only an approximation, the assumption of the log normal
distribution of the income distribution is often used in the empirical literature to estimate
income distributions (see, e.g. Chotikapanich et al. 1997; Bourguignon 2003; Schultz 1998;
and Milanovic 2002, 2006). Clearly, this does not imply that we accept the log-normal
as the true distribution for income data, it rather means that the data at hand do not

contain enough information to fit a more sophisticated model.'®
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In a fourth step, we then simulate household income per capita based on the asset index
distribution.!® In particular, we attach to each quantum of the asset index distribution
the respective income value from the income distribution and derive for each asset index
value the respective simulated income value. This means that, for example, percentile 1
in the asset index distribution becomes the value of income of percentile 1 in the income
distribution.!”

Then, in a fifth step, we calculate the household specific GNI component of the HDI.
To eliminate differences in price levels across countries we express household income per
capita yp calculated from the HIS, in USD PPP using the conversion factors based on
price data from the latest International Comparison Program surveys provided by the
World Bank (2005).!8 Then, we rescale y,f) PP ysing the ratio between the mean income
per capita and the GNI per capita expressed in USD PPP (taken from the general HDI).?

Once these adjustments are done, it is straightforward to calculate the household

specific GNI index, using the new minimum and maximum values of the HDI.20

2.2 Calculating the education index

In the next step, we calculate the education index of the HDI at the household level. Since
the 2010 HDR the education component consists of mean years of education of adults aged
25 and older and of expected years years of education of children at each level of education
of the official school age.

The expected years of education measures the ’school life expectancy’ and is defined
as the total number of years of schooling which a child at a certain age can expect to
achieve, assuming that her/his enrollment probability does not change in the future.?!
In principle, the expected years of education a simply another expression of the former

1.22

enrolment component of the HDI.** Hence, we need to calculate the household mean years
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of education of adult household members aged 25+ and the age specific enrolment rates
for children at the household level to calculate the expected years of education.

The data constraint we face when calculating the education index is that enrolment
information is only available for households that have school-age children. The main
challenge that arises here is the question of how to compare the value for the education
component of households where we just have information on the adult’s years years of
education with those where we have information also on enrolment. We provide two
possible solutions.

First, one could simply drop the observations for which we do not have information
on enrolment, i.e. the households without children in that particular age range. Simply
deleting the missing values might lead to biased results if the remaining cases are not
representative for the entire sample (e.g. Schaefer and Graham 2002). The second ap-
proach is to use an imputation-based approach to fill the missing values of the age specific
enrolment information.?3

There is a broad literature on the statistics of imputation (e.g., Graham and Hofer
2000; Rubin 1987; Stern and Russel 2001; Schaefer 1997; Graham et al 2003; Schaefer and
Graham 2002; Allison 2007). The major shortcoming of a simple mean substitution or
regression-based single imputation (besides depending on the quality of the regression) is
that the variance is still underestimated and thus standard errors and significance test can
still be biased (e.g. Graham et al (2003); Landerman et al. (1997)). The solution to deal
with this issue is to rely on multiple imputation (Rubin 1977, 1987; Schaefer 1997). The
idea is to repeat the imputation process, producing multiple ’complete’ data sets. The
values are drawn from the Bayesian posterior distribution of the parameters. Because of
the random term, the estimates of the parameters will slightly differ and this variability

can then be used to adjust the standard errors upwards (Allison 2007). These analysis
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results are then combined to one overall analysis resulting in the prediction of the missing
values (Wayman 2003). It has been shown that multiple imputation performs favorably
(see, e.g. Schaefer and Graham 2002; Schaefer 1997; Wayman 2003). We use multiple
imputation to impute the missing values of enrolment rates; the regression-model used is
country-specific and includes a large range of socioeconomic determinants of enrolment
rates for which information is available in the survey.?* Table A.1 provides an example
of such a regression model which shows that it provides quite a good fit and reasonable
parameter estimates. Please note that we do not use the asset index in the regression
model as this is used already to generate the income component. This way we want to
avoid in-built correlation between the components of the HDI.??

After imputing the age specific enrolment rate, we calculate the expected years of
education of children and the mean years of education for adult household member for
each household in the data set. Then, we derive the household specific education index
of the HDI. Following the new approach of the 2010 HDR, we calculate the household
specific mean years of education index and the expected years of education index using
a minimum value of zero and the respective maximum value, which is set to the actual
maximum observed value of the indicators from the Barro and Lee (2010) data set on years
of education between 1890 and 2010.26 In contrast to the former education component,
the new education component is calculated as the geometric mean of the two educational
subindexes.?” We report the results for the education component using only the small
sample without imputation of missing values on enrolment as well es the the results for

the imputation of the enrolment.
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2.3 Calculating the health index

To calculate the health index, we combine information on child mortality with model life
tables and use again an imputation-based approach to calculate mortality rates at the
household level. The reason for this imputation is twofold. First, we need to overcome
the problem that for households without children this procedure cannot be implemented.
Second, we need to obtain an estimate of child mortality that has a more continuous
character, because otherwise we would have only limited variation in the data since in most
household either none, one or two children died resulting in a household specific mortality
rates clustered around zero (for which no life expectancy is computable), and values such
as 0.25, 0.33, or 0.5. We proceed in three steps to calculate the health component.

First, we regress child mortality on a set of basic household and community socioe-
conomic characteristics using a using a discrete time proportional hazard model with a
piece-wise constant baseline hazard function to control for censored data. Table A2 shows
the regression results exemplarily for Burkina Faso. All covariates show the expected
sign.?® Then, we use the prediction of child mortality for all households (and not only on
those without children).

We should emphasize that the imputation for the health component (as well as the
enrolment rates for households without children) implies that we are no longer calculating
a household-based HDI for the particular individual households included in the DHS. But
instead we are calculating a household-based HDI for household types described by the
socioeconomic characteristics in our regressions. For example, a household where no child
has died but, based on the socioeconomic characteristics, faces a substantial risk of child
mortality will get a health component that reflects this risk (rather than a perfect score

since no child has died so far).?? 'We believe that this is what is really of interest to
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policy-makers who want to know disparities in the HDI by household types (and groups)
rather than the particular individuals included in the survey.

Please note also that the imputation approach could generate some in-built correlation
between the education and health component, since the regressions are partly based on the
on the same characteristics; as we show in Table A.3 below, however, the correlations are
rather low and not very sensitive to the exclusion of particular covariates that appear in
both regressions. We explicitly did not include the asset index into the regression to avoid
an extra spurious correlation between the health component and the income component
of the HDI, since the income component is calculated based on the asset index values.3°

Second, after having estimated the household specific mortality rate, we apply the
recently provided modified logit life table systems by Murray et al (2003) to estimate
the household specific life expectancy at birth.3! The advantages of the modified logit
life tables by Murray et al (2003) compared, for example to Princeton Model Life Tables
(Coale and Demeny 1983) or the older Ledermann model life tables (Ledermann 1969)
which were used in Grimm et al (2008, 2009), are that they are very flexible and rely
on more than 1800 recently available life tables; they also reflect more recent mortality
experiences across the world, including the impact of the HIV/AIDS epidemic on mortality.

Third, after having estimated life expectancy for each household in the DHS data, we

can then calculate the household specific health index of the HDI using again the new

upper and lower limits.3?

2.4 Calculating the household-based HDI

Once the three dimension indices are calculated, we simply calculate the household specific
HDI, following the HDR 2010, by taking the geometric mean of the three dimension

indices to calculate the HDI. Using the geometric mean has an in-built ’inequality aversion’
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across components which implies that individuals whose achievements differs greatly by
components will receive a lower score compared to those with more ’balanced’ achievements
across components. We agree with UNDP that this implication justified the switch from
the arithmetic mean used previously to the geometric mean used in the 2010 HDR. We
use g to denote the geometric mean and u(y) to denote the arithmetic mean of a given
distribution y, i.e. household income per capita, and apply this definition also to the
education (e) and health (h) component of the HDI. All three dimensions of the HDI can
then simply be represented in a three x k matrix D, where the first row is the vector ,
followed by e and h. The household based human development index H (where k refers
to the number of households in the data) can then be defined as a function F': D — R
from the set of D matrices to the real numbers R and formally expressed as the mean of

the means:33

H(D)household = Q[M(y), g(e)¢ )u(h)]? (3)

which corresponds to the mean achievement in each dimension of the HDI which is
than is averaged across dimensions.

To get person-based values, this value is assigned to each household member and the
descriptive analysis below is based on this person-level analysis. To be sure, assigning the
same HDI to all household members assumes that there is no intra-household inequality in
human development which is unlikely to be the case. But with the exception of education
which we could measure directly at the individual level, we have no way to study intra-
household inequality in health or incomes with the data at hand so that this assumption
is the only one we can make. In this sense, it is an underestimate of inequality in human

development among individuals.*
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3 Results

3.1 Overall results

In this section, we present the results of the household-based HDI for our 15 countries.
Table 1 shows the mean household-based HDI and its sub-components by country.?® HDI
refers to the mean household-level HDI based on imputed enrolment and child mortality
rates. The next column shows the associated ranking of countries using the HDR 2010
ranking list. HDI ’scaled’ refers to the mean value of the HDI scaled to the official value of
2010; the difference to the first column shows the impact of the scaling.?6 HDI ’old’ refers
to the old methodology (which used adult literacy and enrolments for education, used an
arithmetic mean, and used different goalposts for the component indices) to calculate the
HDI using our data, and the ranking places those countries in the ranking of the 2009
HDR. HDI ’small’ refers to the HDI based on the sample of households with children in
school age to calculate the expected years of education.

As shown in the table and also discussed in the HDR 2010, there are some level
differences in the HDI between the old and new methodology. By using the geometric
mean instead of the arithmetic mean, higher values for maximum achievements and a
different education component, the new methodology shows considerable lower levels of
the HDI than the old methodology. This holds especially for the education component,
which is already a geometric mean of the achievements in years of education and expected
years of education. The other reason why the education component is considerably lower
compared to the old methodology is due to the new indicators. Whereas the formerly
used literacy rates, which where already quite high for many developing countries putting
many close to the maximum achievable, the years of education achieved of adults and
the expected years of education to be achieved based on the current enrollment status

of school-aged children is considerably lower (relative to the maximum achievable value)
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in most countries of our sample. In many households, especially in the Sub-Saharan
countries, most adults still have very low years of schooling, leading to a low education
component. While the levels of the HDI change considerably, the relative rankings of our
countries remain quite similar. Ethiopia and Burkina Faso are at the bottom of the list
using both methods and Armenia and Peru are the best performers in our sample using
both approaches.

When comparing the HDI using the imputations for enrolment with the one dropping
households without children (HDI (small)), Table 1 shows that the one based on the small
sample has a generally lower value. The difference is particularly large for Egypt and
Zambia; dropping households without children seems to leave a biased sample with worse
HDI outcomes. Besides these two countries, however, the ranking of the HDI is quite
similar between the two samples. Since we are interested in analysis using the entire
populations, we believe that out imputation approach is advantageous. Also, this allows
us analyze differences in the HDI by population subgroups in much more detail comparing
to the much smaller sample sizes when relying on households with children.?”

We now turn to the analysis of inequality (unconditional and by groups), the main

advantage of our new approach.

3.2 Inequality in the HDI and differentials by population subgroups

We first present and discuss indicators of inequality in the HDI. This we call unconditional
inequality; we then present the HDI by sub-groups including incomes conditioned by
different population subgroups and household characteristics.

To get a first impression of the results, we present the HDI by HDI deciles and quintiles
in Table 2. The differences in the HDI by HDI deciles are staggering but differ greatly

by country. In Burkina Faso, India, Ethiopia, Nicaragua and Vietnam, the ratio of top to
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bottom decile is close to 10 or even above. In the other countries it ranges from four to
eight. These differentials are as large or larger than corresponding decile ratios in incomes
in developing countries, suggesting that inequality in human development is as large as
income inequality.

But this finding requires some more careful interpretation. Closer inspection reveals
that it is driven to a considerably extent by very poor human development performance in
the lowest decile. This, in turn, is affected heavily by the education component where in the
poorest decile many households contain adults with no education (particularly in Africa)
and some contain school-age children who are all out of school (in quite a few countries
across all regions). The geometric mean of achievements within the education components
will be zero if either sub-component is 0, and the overall HDI for the households (which
is the geometric mean of all components) will then also be zero. To see the importance
of this issue, the next two columns examine the bottom quintile, the top quintile and the
associated ratio. In several countries, including Vietnam, Peru and Armenia, the Q5/Q1
ratio is much lower than the D10/D1 ratio suggesting that the problem of 0 education
or zero enrolments is confined only to part of the bottom decile. Conversely, in a few
countries the Q5/Q1 ratio is nearly as high as the D10/D1 ratio (e.g. in Burkina Faso,
India, Pakistan, Nigeria, Nicaragua, Senegal and Zambia) indicating the problem of very
little education is also present in the second decile (and actually far beyond in most of
these countries).

This discussion suggests that the use of the geometric mean, introduced in 2010 in
the calculation of the HDI, leads to much greater measured inequalities in the HDI than
using the arithmetic mean within the education component and across components. How
are we to interpret this? While the arithmetic mean implies complete substitutability

between components (a higher education component can fully compensate for a lower
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health component), the geometric mean implies imperfect substitution possibilities; that
seems in principle a rather reasonable assumption.?® At the extreme, when the component
indicator is zero, the geometric mean implies no substitution whatsoever. While one
might find this to be an attractive feature (implying e.g. 'without income, all health and
education is worth nothing’, or 'without education, all health and income is worthless’),
it appears exaggerated to conclude that there is zero human development if the adults in
the household have zero education. One way to remedy the problem is to simply give the
households a very small number (e.g. 0.001) for a component or sub-component instead
of a zero which would still enable some (but highly imperfect) substitution possibilities.
This we implemented when calculating inequality measures to which we now turn.

In Table 2, we also calculate the Gini coefficient for the HDI and its subcomponents. In
addition, we also provide the Atkinson inequality index (Atkinson 1970) for the HDI and by
components, and the Theil inequality measure, which we will later use for decompositions.

Although it is hard to interpret the absolute value of the Gini (see also below), we can
compare the outcome across countries and by components. As the discussion above would
suggest, the Ginis for the HDI are quite sizable and differ greatly by country. While Peru,
Armenia, and Vietnam have a low HDI Gini of only around 0.2, at the other extreme, the
Gini of the HDI in Senegal, Burkina Faso, and Ethiopia is close to 0.6 or even above. When
examining the Gini by components, we see the overwhelming importance of educational
inequality for the differential in Ginis across countries. This is for the reasons described
above (even though we replace a zero with a 0.001 in each education sub-component). In
contrast, the Ginis for health and income are rather low which we discuss now.

The low values of the Gini coefficient for the income component nicely illustrate how
the log transformation of the GNI component reduces inequality. Table 2 provides also the

Gini coefficient for the actual income (without logs). We can see that the Gini coefficients
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for the simulated household per capita income show the expected values in the typical
range of income Ginis that correspond closely to the Ginis of the countries taken from
PovcalNet.3? The log transformation thus suggests that the inequality in HDI-relevant
standard of living is rather modest and much lower than income inequality. In other words,
since higher incomes have falling marginal human development returns (an implication of
the log transformation), inequality in income-related human development is indeed smaller
than in incomes which, in the logic of the HDI, seems to be a perfectly consistent finding.*°

Second, we find much lower inequality in life expectancy than in income and education,
which is due to the combination of an upward bound, limiting the potential inequality,
as well as the more stochastic nature of mortality (compared to incomes). Other studies
have found similar results.*!

The findings for the Atkinson inequality index are very similar to the Gini. Since
the Atkinson index is particularly sensitive to the bottom of the distribution, while the
Gini is particularly sensitive to the middle of the distribution, some differences emerge.
Comparing Armenia and Burkina Faso nicely illustrates the point. In Armenia, the Gini
is rather low as the middle of the distribution does well in terms of education, health,
and incomes; but due to rather poor achievements in the lowest deciles, the Atkinson
index is considerably higher. The converse is the case in Burkina Faso. There the Gini
is much higher as also the middle of the distribution has very poor human development
achievements which is penalized particularly in the Gini, but less so in the Atkinson index.
We also show results for the Theil index which we will later on decompose into within and
between group components.

Table 2 also shows that higher values of inequality are generally found for those coun-
tries with low levels of human development. For example, Burkina Faso is the country

with the highest Gini in the HDI (0.646) and at the same time is shows the lowest value
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of the HDI in our sample (see Table 1). On the other hand, Peru and Vietnam have the
lowest value of the Gini coefficient for the HDI (0.216) while at the same time Armenia
shows the highest value of the HDI. These discrepancies are driven primarily by the dra-
matic inequalities in years of schooling and enrolments in low HDI countries; conversely, in
high HDI countries, even (most of the) worst off still have some educational opportunities.
Higher inequalities in the health and income component of the HDI further contribute to
this relationship between levels and inequality in the HDI. Apart from this rather strong
regularity, of particular interest are the outliers to this relationship. For example, Nigeria
and Senegal have about the same HDI (See scaled HDI in Table 1), but inequality in
the HDI is much higher in Senegal than Nigeria, driven particularly by higher education
inequalities there. Also, India’s inequality in its HDI is high in the sample (depending
on the indicator chosen), much worse than Zambia which has much lower overall human
development. The massive inequality in education in India is mostly responsible.*? Study-
ing these outliers in more detail and linking them to particular development policies and
strategies is one of the further analyses one can undertake with these results.

After having discussed levels and drivers of unconditional inequality in the HDI, we
now turn to the HDI by population subgroups. In Table 3, we first discuss the HDI by
income deciles. There are also great differentials in the HDI by income decile and the
differences are similarly dramatic between countries. The differentials are particularly
pronounced in Burkina Faso, Nigeria, Ethiopia, Bolivia, and Zambia where the HDI of
the richest decile is more than three times higher than the HDI of the poorest decile. At
the other end of the spectrum, the differentials are more moderate in Armenia, Indonesia,
Vietnam, Egypt and the Kyrgyz Republic.

To compare to earlier results in Grimm et al (2008, 2009) we also report HDIs by

income quintile. The differentials in the HDI by income quintile is larger than those
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reported in Grimm et al (2008, 2009). Similar to the discussion above, the reason for
the larger reported inequalities by income decile here is related to the different years of
schooling indicator (instead of the previously used adult literacy indicator) and the use of
the geometric mean which amplifies inequalities if achievement in one (sub-)component is
low.

As with unconditional inequality in the HDI, the inequality by income decile suggests
that inequality tend to be higher in settings where the level of human development is
relatively low.43

Of course, the results by income decile are not unexpected as the income component is
part of the HDI. But this clear distributional pattern is also observed when the health index
and especially the education index are analyzed by income decile (Table 3). In particular,
we find the largest inequality between the poorest and the richest income decile in the
education component.

A strong distributional pattern is found for the HDI by education of the household
head (Table 4). Households, where the head has no education are considerably worse
off in terms of the HDI than better educated households. For example, Ethiopia shows
a HDI that is more than 3 times as high for households where the household head has
achieved secondary education compared to households where the head has no educational
attainment at all (0.141 compared to 0.448). Again, the differentials are particularly large
in Africa.

A much weaker pattern is found when looking at the outcomes in the HDI by the
age of the household head (Table 4). It appears that households where the head is older
experience, on average, a higher HDI than households with younger household heads.**

Table 5 shows the HDI by urban and rural areas. Also here, we find a clear trend. As

expected, rural areas are worse off than urban areas with respect to human development.
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The differences are not as large compared to income deciles but they are always sizable.
For example, in Nicaragua, the ratio between rural and urban areas in the HDI is 0.630.
The differences tend to be larger in poorer countries, particularly in Africa and are smallest
in Egypt, again driven to an important extent by low differentials in education and health
there. The large differential in Africa by location is again, particularly influenced by the
massive inequalities in the education component. In urban Burkina, for example, the
education component is about 10 times higher than in rural areas.*®

To summarize the foregoing results, we found massive (unconditional) inequality in the
HDI which is particularly severe in countries with low overall human development. The
very high inequality is largely driven by the inequality in the education component and
the implied penalty for inequality across components that is associated with the geometric
mean. There are also (in declining order), large inequalities by income decile, education

of the household, and location, and relatively small inequalities by age of the household

head. These intergroup inequalities will be further examined in the next section.

3.3 Inequality Decompositions

In this section, we decompose the Theil index to see whether overall inequality is largely
driven by inequality between the groups or within them. We only do this for the three
groups (income decile, location, and education of the head) where inter-group differences
were sizable. Even so, as Table 6 shows, the vast majority of total inequality is accounted
for by inequality within these groups (e.g. within income deciles or within urban areas);
inequality between groups accounts typically for less than 20% of total inequality for most
countries. Thus for most countries, heterogeneity within groups are larger than between
groups, a finding often made for income inequality decompositions as well.

There are three exceptions, however. In the three Sub Saharan African countries
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that are the worst performers in the overall HDI and also have the highest unconditional
inequality in the HDI, the between component reaches up to 40% of total inequality. It thus
appears that location, educational background and income decile are in these cases quite

powerful predictors of overall inequality in the worst HDI and inequality performers.46

4 Conclusion

This paper provides a method and illustration for estimating an HDI at the household
level. A household-based HDI provides us with a large range of previously unavailable
types of analysis. On the one hand, it immediately allows the analysis of the HDI by
any kind of population subgroups and by household socioeconomic characteristics. On
the other hand, it allows to calculate any kind of inequality measure, compare it over
space and time, and decompose it by groups. The use of DHS survey data allows to apply
the method for many countries and time periods so that one could easily move beyond
the 15 countries included here. While our results make use of a range of regression and
simulation techniques, the results are remarkably robust to variations in those techniques;
but clearly, there is scope for further analysis of our approach to estimate HDIs at the
household level.

The results of our empirical illustration for 15 developing countries provide new insights
with respect to levels and international comparisons of inequality in the HDI as well as
inequality in the HDI by subgroups. It also sheds light on some key implications of the
new indicators and methods to calculate the HDI in the 2010 report. The key findings are
that inequality in the HDI, when using the new procedures, are massive. Particularly in
some countries with low human development, inequalities in the HDI are about as large
or possibly even larger than income inequalities. This is heavily influenced by massive

inequalities in the two education indicators used and the use of the geometric mean to
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average across components. In other components and other countries, inequality in the
HDI is much more moderate. Inequality by subgroups is also substantial, particularly by
income groups, location, and education of the head. In low human development countries,
inter-group differences between these groups account for a sizable share of total inequality
in the HDI, while in other countries, within-group inequality is dominating total inequality.

It is beyond the scope of the paper to analyze the policy-drivers of inequality in HDI
in different countries. But our approach is able to identify those countries where inequal-
ity in the HDI is a massive problem. Among the particular issues that deserve further
attention are, for example, the very high inequality in human development (driven largely
by education) in India, the very poor performance in the lowest HDI decile in countries
as diverse as Armenia or Vietnam, and the massive urban-rural disparities in the HDI in

Ethiopia and Burkina Faso.
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Notes

!See also Nguefack et al. 2011 for a statistical justification for the currently used equal weighting
scheme.

2For details, refer to UNDP (2010) and Alkire and Foster (2010). This ’discounting’ is achieved by
taking the geometric mean of achievements in a dimension which is lower than the arithmetic mean if
there is inequality (and the difference grows with the amount of inequality). If there is no inequality, the
two are the same.

30f course, the inequality in the dimension indices must be based on some household-level data but
these are calculated separately for each dimension so that the poor performers in each dimension are
not necessarily referring to the same households and are based on separate sources of micro data. See
also related work by Foster, Lépez-Calva and Székely (2005) to calculate a distribution sensitive HDI for
Mexico.

4This is largely due to data availability issues.

®See also related work by Foster, Lépez-Calva and Székely (2005) to calculate a distribution sensitive
HDI for Mexico.

5 Although the HDI will be calculated at the household level, we could extend this analysis to the person-
level by imputing the HDI of a household to each member. Of course this would ignore intra-household
inequality in the HDI which is quite hard to tackle give our approach.

"The formular for estimating the asset index is: A; = Y1as1 + ... + Ynain, where A; is the asset index,
the an’s refer to the respective asset of the household i recorded as dichotomous variables in the DHS
data sets and the 4 are the respective weights for each asset that are to be estimated.

8An alternative way to estimate the weights for the assets to derive the aggregated index is a factor
analysis employed, for example, by Sahn and Stifel (2000). However, the two estimation methods show
very similar results.

9The asset index is calculated for each individual, weighted by the household size. By also using DHS
data, Houweling et al. (2003) analyze how the choice of indicators to be included in the asset index makes
a difference in the ranking of households. The authors find significant but very small differences in the
ranking of households depending on different sets of indicators.

YHowever, although they do find an overlap, they also show some differences in the ranking of households
between the asset index and per capita expenditures in the lowest population quintile. The reason for the
differences is that asset indices are less suitable to capture transitory shocks, because assets are a measure of
stocks whereas income or expenditure are flow measures. In addition, assets indices are typically derived
from public goods at the household level, while expenditures prominently captures the consumption of
food.

YSimilar results were also found by Harttgen and Volmer (2010) who validate the use of the asst index as
a proxy for per capita income using LSMS data for several developing countries and compare the household
ranking and outcomes of social indicators of human development. They also find some differences in the
ranking of households while also here the gradient of the asset index and household per capita income are
similar.

12Tn addition, assets are less vulnerable to measurement error based on underreporting (McKenzie, 2005).

13This results in a more continues character of the asset density distribution shown in Figure A.1 for
each country.

4We should briefly discuss the interpretation of the parameters p and o, which is different from that of
the normal distribution. In fact, from (2) one sees that e* is proportional to the expectation and (e#)? is
proportional to the variance, and in fact, e" is the scale parameter of the log-normal distribution, whereas
o is a shape parameter. Since the Gini coeflicient is invariant under changes of scale (it does not matter
whether income is measured in Euro or in Dollar), it should be independent of y and only depend on o.
This is indeed the case: The Gini coefficient G of LN (u1,0) is given by G = 2®(c/+/2) — 1, where ® is the
distribution function of the standard normal distribution.

5For example, Holzmann et al. (2007) estimate the global income distribution based on the assumption
of the log normal distribution using also the Gini and the mean income as two parameters. When testing
for log-normality from the quintiles or even from the deciles, they could rejected the hypothesis of log-
normality for only less than 0.5% of all countries, and never for one of the population heavy weights China,
India, the U.S., Indonesia, and Brazil.

16The estimation of the distribution is based on a maximum likelihood estimation technique.

17To illustrate this approach, Figure A.1 shows the asset index distribution (left) and also the obtained
income distribution following our approach (right) for several countries in our sample.

Byl PP =y, x PPP.

19, PPP _  PPP
TYh =Yn X [ PPP

GDPPCPPP]
= EEr— |-
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o h,PPP _ . . . .
Wyh — 11?)%;(508,211)—1125((1166??)) Vh=1,2,...,K, where /" TF" is the household specific arithmetic mean

of the rescaled household income per capita.
2n particular, for each child of age a, the expected years of education are calculated as the sum of the
age specific enrolment ratios to the reference age range a to n (UNESCO 2010) The expected years of

t

education is calculated by EY S, = Y% . | where EY Slis the expected years of education at age a in

7
i=1 pt>
k2

year t, E! is the enrolment of children at age i (3 = a,a + 1,...,n) in school year ¢, n denotes the upper
age limit of the respective school system, and P} denotes the population of age 4 in school year ¢

221t shares the same problem as gross enrolment rates in that high rates of repetition will erroneously
boost expected years of education.

23Please note that in the recently published Multidimensional Poverty Measure, also included in the HDR
2010, parents without children are given perfect score in the enrolment component which, by construction,
makes them less susceptible to being multidimensionally poor.

246 keep the calculation time manageable, we set the number of imputations to derive the missing values
to 20. Please also note that we perform the imputations only for households without children in school-
going age. For the others, we use the actual information. Imputing enrolment rates for all households does
not change any of the results we present below. Results are available on request.

2’Remarkably, including the asset index only has a minor impact on the fit of the regressions and the
resulting imputations.

Wyt = % Vh=12...,K, and EY" = % V h=1,2..., K., where my® refers
to the household specific mean years of education and ey” to the household specific expected years of

education.
2 ph _ % Vh=1,2,..., K.

28We also tried various other specification and included other covariates, but the results of the predicted
outcomes did not change if we add further variables.

29In this approach, we also differ from the recently published Multidimensional Poverty Measure (Alkire
and Santos 2010) which uses only actual information and thus gives perfect enrolment score to households
without children and perfect health score to households where no child has died.

3%In a robustness analysis we also the asset index into the regression for child mortality. Inclusion
of the asset index has an extremely minor impact on the correlation between the income and the health
component, only visible in the third decimal place. But since the asset index also has rather little predictive
power in the regression we do not include it.

. 1h
31This model is based on a Brass logit approach: Logit(I}) = a4 B * Logit(I3) + 7z [1 — (%)} +

1k
0z [1 - (%ﬁgg;)] Vh=1,2,...,K., where z is the age, 7, and 6, are parameters of the age specific
Standard Life Table, a, and ) are country specific parameters, and « the survival probability from zero
to x, 5, and 60. To any value of I5, the corresponding value for the life expectancy at birth eg can be

estimated th}{"ough in iterative procedure.

PHM = 02 Yh=12,... K,

33See Foster et al. (2005) and Alkire and Foster (2010).

34For a further discussion of these issues, see Klasen (2006) and Haddad and Kanbur (1990).

35For all the results presented in this section, we do not, following also the procedure of UNDP, provide
any confidence intervals or significance tests between differences in the outcomes because of space limita-
tions. Standard errors, confidence intervals and significance test can be provided on request. See Table
A .4 for the descriptive statistics that are the basis for the calculation of the household-based HDI.

36Since UNDP’s HDI are based on aggregate data and our HDI is based on micro data, the two sources
need not generate the same results due to differences in definitions and measurement error with the
aggregate or the micro data. As shown in the Table, there are indeed significant differences between the
two. We believe that scaling is appropriate as we are mainly interested in the HDI differentials within a
country, rather than in presenting an alternative mean HDI which would be hard to interpret.

37See Table A 4.

3¥Mathematically, the geometric mean is identical to the arithmetic mean of the log of the individual
components (except for the case of an index value of zero); that is to say, imperfect substitution possibilities
is mathematically equivalent to assuming declining marginal returns to each component, which, in general,
appears to be a reasonable assumption.

39The reason for these small differences is that the asset index distribution is less continuous than the
income distribution. This means, for the imputation of the household per capita income we do not take
the whole income distribution, but rather draw from the distribution for the values of the asset index
distribution.

108ee Grimm et al (2008, 2009) for a further discussion of this issue.
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41Unfortunately, only very limited comparable Gini coefficients on health exits in the empirical literature.
One exception is a study by the Pan American Health Organization (PAHO) (2001) which calculates Gini
coefficients for infant mortality for five countries from Latin America. Also here, the results is quite similar
to our results in a sense that Gini coefficients for the health indicators are lower than for income indicators.
See also Grimm et al (2008, 2009) for a related discussion.

42Gee, for example, Dreze and Sen, 2002 on poor educational performance in India.

43This is plausible to the extent that differences in nutritional status, essential access to housing and
clothing are smaller in high HDI countries than in low HDI countries. See also Grimm et al (2008) for
further discussion.

“However, these results should be treated with caution, because they are also be driven by differences
in the shares of households of the respective age ranges and thus the calculation are based in very different
numbers of observation, For example, there are many more households with a household head aged between
20 and 29 than aged 60 years or older. See also Table A.6 for the results for the components of the HDI
by age of the household head.

45We also investigate whether there is inequality in the HDI by sex of the household head. Here we find
generally very small differentials sometimes suggesting that female-headed households have slightly higher
human development and sometimes finding the reverse. Since the group of female-headed households
differs greatly by size across countries and is, in any case, a rather heterogeneous group, these findings are
hard to interpret but provide further confirmation to the literature claiming that female-headship per se
is not a clear marker of deprivation in many developing countries. See, e.g. Chant (2008), Marcoux (1999)
and Klasen, Lechtenfeld, and Povel (2010). Results are available on request.

46T some degree, of course, the results are influenced by the fact that the income is part of the HDI
and education of the household head if part of overall education. All the more is it surprising how little
the between component explains in all the other countries.
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Table 4: HDI by education of household head and age of household head

HDI

By education of household head By age of household head
Ratio Ratio

No sec. to Agegroup oldest to

Country education  Prim Sec. no edu. 20-29 60+ youngest
Armenia (2005) 0.591 0.619 0.645 1.093 0.606 0.678 1.119
Burkina Faso (2003) 0.180 0.433  0.657 3.660 0.220 0.242 1.100
Bolivia (2003) 0.344 0.514 0.728 2.114 0.538 0.603 1.120
Egypt (2007) 0.496 0.674 0.675 1.359 0.708 0.727 1.027
Ethiopia (2005) 0.141 0.312  0.448 3.182 0.194 0.216 1.112
India (2005) 0.299 0.457  0.542 1.816 0.359 0.481 1.340
Indonesia (2003) 0.381 0.494 0.608 1.596 0.429 0.507 1.181
Kyrgyz R. (1997) 0.463 0.468  0.540 1.166 0.341 0.471 1.381
Nicaragua (2000) 0.356 0.533 0.710 1.992 0.468 0.537 1.147
Nigeria (2003) 0.209 0.427  0.501 2.393 0.317 0.354 1.115
Pakistan (2007) 0.333 0.490 0.585 1.757 0.372 0.467 1.257
Peru (2005) 0.457 0.625 0.778 1.702 0.586 0.720 1.228
Senegal (2005) 0.313 0.532  0.653 2.082 0.355 0.406 1.142
Vietnam (2002) 0.353 0.448 0.564 1.597 0.410 0.497 1.212
Zambia (2002) 0.206 0.309 0.424 2.060 0.267 0.302 1.132
Average 0.342 0.489  0.604 1.971 0.411 0.481 1.174

Note: HDI is based on multiple imputation for enrolment rates to calculate the expected years of education and on
the regression-based approach for under five mortality to calculate the life expectancy.

Source: Demographic and Health Surveys (DHS); calculations by the authors.
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Table 6: Inequality decomposition of the HDI by subgroups

Theil index of HDI
By urban and By Education of
By income deciles rural areas household head
Within  Between  Within Between  Within Between
Total  group group group group group group

Armenia (2005) 0.343 0.338 0.004 0.341 0.002 0.341 0.002
Burkina Faso 0.907 0.551 0.356 0.648 0.259 0.586 0.319
Bolivia 0.787 0.678 0.109 0.691 0.096 0.741 0.044
Egypt (2007) 0.587 0.505 0.082 0.580 0.007 0.545 0.043
Ethiopia (2005) 0.709 0.591 0.118 0.629 0.080 0.379 0.329
India (2005) 0.572 0.516 0.056 0.562 0.010 0.448 0.125
Indonesia (2003) 0.286 0.272 0.014 0.281 0.005 0.273 0.013
Kyrgyz Republic (1997) 0.295 0.284 0.011 0.293 0.003 0.292 0.003
Nicaragua (2000) 0.414 0.338 0.076 0.378 0.036 0.349 0.063
Nigeria (2003) 0.630 0.497 0.133 0.605 0.025 0.422 0.207
Pakistan (2007) 0.568 0.490 0.078 0.549 0.018 0.454 0.113
Peru (2005) 0.245 0.223 0.022 0.234 0.011 0.230 0.015
Senegal (2005) 0.824 0.636 0.188 0.674 0.150 0.686 0.139
Vietnam (2002) 0.227 0.209 0.018 0.225 0.001 0.211 0.015
Zambia (2002) 0.410 0.328 0.082 0.382 0.029 0.363 0.047

Note: HDI is based on multiple imputation for enrolment rates to calculate the expected years of education and on
the regression-based approach for under five mortality to calculate the life expectancy.

Source: Demographic and Health Surveys (DHS); calculations by the authors.
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Appendix

Table A.1: OLS Regression of household literacy and enrolment - Burkina Faso

VARIABLES enrolment rate
Age of household member 0.0349***
(0.00136)
Age of household member? -0.0576%**
(0.00258)
Age of household member? 0.00300%***
(0.000156)
Urban (=1) -0.00473
(0.00541)
Female headed household (=1) -0.000989
(0.00415)
Household size -0.00762***
(0.000437)
Number of children at home 0.0123***
(0.000694)
Sex of household member (1=male) 0.0220**
(0.00866)
Head has no education (=1) -0.0781%**
(0.00305)
sex*age -0.000109
(9.72e-05)
sex*urban -0.00743
(0.00456)
urban*age 2.45e-05
(3.73e-05)
Literacy (mean per cluster) -0.00388
(0.0337)
Enrolment (mean per cluster) 0.984%**
(0.0126)
Years of education (mean per cluster) -0.00516
Constant -0.565%**
(0.0254)
Observations 57866
R-squared 0.415

Note: Also controlled for within-country regions.

Standard errors in parentheses

*¥** p<0.01, ** p<0.05, * p<0.1

Source: Demographic and Health Surveys (DHS); calculations by the authors.
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Table A.2: Regression of child mortality - Burkina Faso

Under 5 mortality Coef.  Std. Err. Z
Urban (=1) -0.192 0.123 -1.560
Female headed household (=1) -0.408 0.167 -2.450
Household size -0.003 0.002 -1.680
Number of children at home -0.339 0.008 -42.500
Age of mother -0.056 0.003 -21.970
Total children ever born 0.222 0.007 33.940
Mother currently pregnant (=1) -0.014 0.039 -0.360
Mother currently breast feeding (=1) -0.306 0.032 -9.600
Mother wants another child (=1) 0.174 0.029 6.010
Mother works (=1) -0.134 0.116 -1.150
Mother catholic (=1) -0.059 0.028 -2.150
Mother is not literate (=1) 0.191 0.091 2.110
Mother has primary education (=1) -0.050 0.081 -0.620
Mother is married (=1) -0.164 0.029 -5.620
Mother received tetanus after last birth (=1) -0.419 0.102 -4.100
Mother received prenatal care after last birth (=1) -1.482 0.065 -22.890
Mother received professional assistance during delivery (=1) -0.319 0.058 -5.530
Urban*age 0.004 0.002 1.890
Urban*fhh -0.161 0.144 -1.120
Sex*age 0.006 0.003 1.780
Literacy rate (cluster mean) 0.322 0.346 0.930
Primary education (cluster mean) -0.019 0.329 -0.060
Constant 0.851 0.091 9.360
N 9046

Note: Discrete time proportional hazard model with piece-wise constant baseline hazard. In addition, dummy
variables were included for 12 month time intervals.
Source: Demographic and Health Surveys (DHS); calculations by the authors.
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Table A.4: Descriptive statistics

Income Income  Years Exp . Life Life Sample  Sample
simulated scaled of years of  expect. expect. size size

educ. educ. (small) (small)

Armenia (2005) 989 4471 8.84 10.98 79.74 84.04 5643 2175
Burkina F. (2003) 545 1100 0.93 3.74 57.32 60.41 9028 1058
Bolivia (2003) 2185 4778 6.73 8.06 65.92 66.83 19028 4740
Egypt (2007) 1336 5149 6.67 10.47 73.75 77.65 7111 1533
Ethiopia (2005) 537 595 1.53 6.91 55.37 57.58 13636 1861
India (2005) 490 1788 3.75 9.58 76.33 80.26 108443 22029
Indonesia (2003) 615 3206 6.55 11.17 73.06 78.40 31059 6649
Kyrgyz R. (1997) 696 1364 10.06 10.13 68.99 71.21 3647 883
Nicaragua (2000) 1748 2805 4.64 10.44 69.67 73.19 11244 1458
Nigeria (2003) 472 1656 4.70 10.36 55.39 57.42 7111 1533
Pakistan (2007) 822 2696 3.51 9.52 63.37 65.55 13483 1185
Peru (2005) 2386 7297 777 12.74 69.14 70.79 28354 6843
Senegal (2005) 914 1963 1.82 6.87 60.11 61.71 7154 664
Vietnam (2002) 635 2058 6.79 12.41 77.35 79.12 6987 1358
Zambia (2002) 561 1186 6.35 8.25 57.79 61.82 6995 960
Average 995 2807 5.38 9.44 66.89 69.73 18595 3662

Note: Years of education refers to the mean years of education of per household of adults aged 254. Expected years
of education are based on enrolment by age at all levels of education and population of official school age for each
level of education (UNESCO 2010). Household income per capita is expressed in USD PPP. Scaled income refers
to the household per capita income that is scaled to the national GNI per capita (USD PPP) for the respective
country and year taken from the Human Development Report. The index ’small’ refers to the sample of households

with school aged children.
Source: Demographic and Health Surveys (DHS); calculations by the authors.
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Table A.6: HDI components by age of the household head

GNI index Education index Health index

Ratio Ratio Ratio

old/ old/ old/
Country 20-29 30-39 young 20-29 60+ young  20-29 60+ young
Armenia (2005) 0.528 0.495 0.938 0.540 0.740 1.371 0.784 0.854 1.089
Burkina Faso (2003)  0.259  0.290 1.119 0.090 0.092 1.021 0.455 0.531 1.167
Bolivia (2003) 0.443  0.504 1.139 0.580 0.616 1.061 0.607  0.706 1.163
Egypt (2007) 0.530 0.511 0.964 0.991 0.995 1.004 0.676 0.756 1.118
Ethiopia (2005) 0.206  0.205 0.994 0.102 0.094 0.918 0.347 0.523 1.507
India (2005) 0.356  0.403 1.132 0.219  0.427 1.951 0.596  0.648 1.089
Indonesia (2003) 0.413  0.452 1.094 0.305 0.390 1.281 0.628 0.738 1.174
Kyrgyz R. (1997) 0.346  0.322 0.931 0.213 0.493 2.314 0.537 0.657 1.223
Nicaragua (2000) 0.368  0.453 1.231 0.383 0.444 1.160  0.727  0.769 1.057
Nigeria (2003) 0.322 0.323 1.002 0.298 0.325 1.090 0.333 0.422 1.268
Pakistan (2007) 0.397 0.429 1.078 0.232  0.352 1.517  0.558  0.678 1.214
Peru (2005) 0.518 0.639 1.234 0.545 0.709 1.301 0.714  0.825 1.155
Senegal (2005) 0.383  0.387 1.010 0.241 0.307 1.277  0.485 0.561 1.155
Vietnam (2002) 0.313  0.400 1.280 0.307 0.382 1.242 0.716  0.803 1.121
Zambia (2002) 0.280 0.252 0.900 0.253  0.320 1.264 0.268 0.341 1.274
Average 0.378  0.404 1.070 0.353  0.446 1.318 0.562 0.654 1.185

Note: HDI is based on multiple imputation for enrolment rates to calculate the expected years of education and on
the regression-based approach for under five mortality to calculate the life expectancy.

Source: Demographic and Health Surveys (DHS); calculations by the authors.
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Figure A.1: Distributions of the asst index and income
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