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Abstract
In 2019, the World Bank adopted an index developed by Kraay (2018), the Human Capital
Index (HCI) (WB, 2019). It combines demographic, education, and health dimensions on a
complementary statistical and econometric basis. It is used by the World Bank in the area of
human development for monitoring and comparison purposes, in time and space. By
construction, the HCI is subject to statistical and econometric uncertainties that are not
adequately captured by comparisons and are therefore, not robust.

In this paper, we propose a systematic approach taking into account these simultaneous
uncertainties using a projection method. We present its practical implementation to construct
confidence intervals to the HCI that reflect these uncertainties. It appears that if confidence
intervals overlap for two countries or for the same country over time, then comparisons would
be inconclusive regardless of the ponctual estimates.

Keywords: Human Capital Index (HCI); Uncertainty; Robustness; Comparisons; Projection
method.
JEL Classifications: C18, 115, 125.



1. Introduction

Within the framework of the Sustainable Development Goals (SDG), it is now accepted that good
health conditions and access to quality education are essential for development, especially for the
new generations to ensure their optimal future contribution to society. In order to monitor progress
in human development within and between countries and over time, several simple and composite
indices have been developed and are regularly used, particularly in public policy decision-making.
The best known is that of the United Nations Development Programme (UNDP), the Human De-
velopment Index (HDI).

More recently, the World Bank adopted a composite index proposed by Kraay| (2018); the Human
Capital Index (HCI). This index was constructed to approximate the expected accumulation in
terms of human capital of a child born today, to be attained by age 18. Three dimensions are con-
sidered: survival, expected learning-adjusted years of school and health (WB)|2019). Its calculation
is then based on demographic, health and education metrics and econometric approaches.

Since its implementation, the World Bank has used this index in two reports and calculated it for
several countries. It presents implicit or explicit comparisons between countries based on the values
of scores or ranks relative to the HCI. However, given the method of calculating the index, it is
obviously subject to statistical and econometric uncertainty. When uncertainty is not taken into
account, comparisons in time and space based on this index become therefore fragile and above all
not robust. Even if |[Kraay| (2018) underlines this problem, the solutions he proposes are not based on
a systematic method. In this article, we fill this gap without questioning the relevance of the index
or its method of calculation. We propose a confirmed econometric method to construct confidence
intervals for the HCI. This is the projection method developed by |Rao| (1973) and used in another
context by |Abdelkhalek & Dufour| (1998). We introduce it theoretically and then implement it
numerically, using the World Bank database to compute the HC1I.

In section [2| we conduct a brief review of the literature around the HCI. We present formally the
index (subsection followed by a critical analysis of the uncertainty to which it is subject (sub-
section .The methodology we propose to construct confidence intervals for the HCT is presented
in section [3] as well as the data that allowed its numerical implementation. We present the system
of equations relating to the proposed method as well as its numerical resolution. In the last section
(section , we report the obtained results and discuss them before concluding.

2. Literature review

In 2018, the World Bank launched its first edition of the Human Capital Index. The design of this
index is in line with the The Human Capital Project, which has also two other dimensions: Strength-
ening Measurement and Research and the Country Collaboration. In our opinion, this demonstrates
the orientations and expectations of the World Bank regarding the future of this index, which has
already aroused the interest of several researchers. In fact, several researchers have already taken

an interest in this index.



In this context, two reports on the HCT have been published using the theoretical basis developed
by . In 2020, the World Bank updated and improved the HCT . In this
last edition, it provides a profile of human capital just prior to the COVID-19 pandemic that can
be used as a reference for impact analyses related to the pandemic and the mitigation policies put

in place.

By 2016, to understand the gap in income per worker between Latin American countries and the
United States, already uses a proxies-based approach for three components related
to health (1 dimension) and education (2 dimensions) on cross-sectional data for 122 countries in
2000. These dimensions are the same as those used by in its conception of the HCI.
then uses the relationship between these three dimensions and the level of GDP per
capita to identify the role of each of the gaps between these measures on differences in GDP per
capita. Geographical comparisons are also conducted by distinguishing five sub-regions at the global
level.

\Campbell & Ungor| (2020) propose a measure of human capital still based on the formulation pro-
posed by |Caselli (2016b) and |Caselli| (2016a)) using the same three components. These authors find
that it is highly correlated with the HCT (Pearson’s coefficient equal to 0.945) which is becoming a

reference.

An alternative measure of human capital, with a philosophy close to that of the HCI, has been

proposed by Lim et al.| (2018). It is based on four dimensions, namely level of education, learning,

health and survival for 195 countries. This measure was calculated for these countries between 1990

and 2016 and is updated annually.

In 2019, |Angrist et al| (2019) have built another database focusing specifically on the education

dimension and covering 164 countries and territories representing 98% of the world population
between 2000 and 2017. This standardized database is updated annually, is openly accessible and
allows for comparisons to be made. The data from this database is widely used to measure the
education dimension of the HCI. It also makes it possible to present stylized facts and build
models to analyze relationships between human capital, particularly in the quality of education
dimension, and other variables of interest in terms of economic development. It is also possible to

make comparisons between several groups of countries both in terms of the HCT and its education-

related dimensions. Using data from this database, |Angrist et al.|(2019) also develops a measure of

human capital based on the quality of education and compares it to alternative measures from the
Penn World Tables data.

In addition to researchers working on the design and measurement of the HCI, some of them build
the databases needed for the calculations, while others use the HCI for analysis. Indeed, in their
article, |Collin & Weil| (2020) are not interested in the design of the HC'T itself but use it in a dynamic

and simulation framework to analyze the effects of changes in the index on growth rates and poverty

measures. They consider several scenarios for the evolution of the HCI for the 20-24 age cohort in

the population.

[Pasquini & Rosati (2020)) estimate the HCT at the provincial level in Italy. Their objective is to




capture and confirm the heterogeneity in human capital among 110 Italian provinces in 2016. The
authors also propose a provincial ranking in three main groups based on the level of HCI and on
the income per capita. They deduced the socio-economic characteristics to explain these differences

between groups of provinces in terms of human development.

It is reasonable to believe that at each of the stages of construction of the HCT i.e. design, formula-
tion, basic indicators, measurement of variables, parameter estimation and analysis, several sources
of uncertainty can be identified. For example, in the article by |Collin & Weil| (2020), it is shown
that any change in the level of the HCT implies a change in the level of GDP per capita and in
the poverty rate. Thus, any uncertainty in the measurement of the HCT will be translated de facto
into uncertainty in these other indicators (GDP per capita and poverty). In general, uncertainty
about the index developed by [Kraay| (2018) is present in all analyses and rankings based on it and
can therefore be questioned. Our approach makes a significant contribution in this sense by propos-
ing the construction of confidence intervals (measure of uncertainty) of the HCI using confirmed
statistical methods. With a marginal extension, our method can be used to take into account this
uncertainty on the other variables related to the HCI deduced in other analyses (GDP per capita,

growth rate, poverty rate, ...).

2.1. HCI : Presentation

The HCT is a measure that is intended to be transparent and easy to understand in order to assist
in the implementation of public policies related to education and/or health. This composite index
combines dimensions related to health and education. It provides an estimate of the quality of
human capital that a child born today can expect to obtain at the age of 18 given the health and
schooling conditions in a given geographic area. The definition given by Kraay| (2018) to this Human

Capital Index is as follows:

"The Human Capital Index (HCI) is an international metric that benchmarks key com-
ponents of human capital across countries. Measuring the human capital that a child
born today can expect to attain by her 18" birthday, the HCI highlights how current
health and education outcomes shape the productivity of the next generation of workers.
In this way, it underscores the importance for governments and societies of investing in

the human capital of their citizens."

Source : Kraay| (2018)

The HCI therefore aims to characterize today’s decisions about the human capital of the next

generation. The three components considered in the construction of the HCI are :

- Survival as measured by the under-five mortality rate ;

- Years of schooling adjusted for learning achievement (or harmonized school achievement) that

take into account the quality of education;



- Health, which is based on two sub-components: the rate of stunting in children under 5 years
of age and the adult survival rate, defined as the proportion of 15-year-olds who will reach the

age of 60.

These three components are combined to infer the level of productivity of an adult worker as inferred
by previous econometric studies. By construction, the HCT is expressed as a measure of productivity
relative to an optimal benchmark that results from a complete education and perfect health. This
means that in a geographical area where a child born today can expect to benefit from complete
health and education, i.e. without stunting, with a probability of survival to adulthood equal to one
and a high quality schooling over a period of 14 years of school attendance before the age of 18, the
HCT would be equal to 1 (Filmer & Rogers, 2018). On the observed data, this index varies between
0.8 and 0.9 for the countries that invest the most in health and education and between 0.3 and 0.4
for the countries that invest the least in these areas (WB) 2019)). Formally, the HCT is written as

follows:

HCI = Survival x School x Health (1)

where

Survival = % (2)
p
and p, the survival rate of children under 5 years of age, i.e. :
p=1—-TME_5 (3)

where TM E_5 is the under-five mortality rate and p* =1;

School = e?(Sva—s") (4)
with TS
Sng = ESY.— (5)
sc

and with T'S the harminized test score, ESY = 2(117:4 ENR, the expected number of years of
schooling and where ENR,, is the schooling rate of children of age a. It is therefore assumed that
an education is complete and of good quality when the number of years equals s* = 14 years and

with a sc* score of 625 points in the harmonized tests!T]

Finally, the third component is written:

Health = e3 (Vasr(ASR—=2")+¥stunting(NSR—=2")) ©

where ASR is the adult survival rate, NSR is the complement to one of the stunting rate and z* = 1.

ISee [Kraay]| (2018) section A2.2 for details on the methodology to determine the adjustment of education quality
through harmonization of multinational tests.



*

The parameters p*, s*, 2z* and sc* are therefore reference values characterizing the level of human
capital corresponding to a complete education and health. |Kraay|(2018]) considers the values reported

above for survival rate, years of schooling, health and harmonized score respectively.

Furthermore, ¢, yasr and ystunting are parameters that convert the components of HCT into their
respective contributions to productivity. |[Kraay (2018) calculates the HCT by giving these parameters
the values 0.08, 0.65 and 0.35 respectively for all countries. Thus, based on empirical data, Kraay
(2018) postulates that an additional year of education increases income by 8% in adulthood (¢). In
addition, it assumes that when adult survival rates increase by 10 percentage points, adult height
increases by 1.9 centimetres and adult productivity increases by 3.4% for each additional centimetre
(vasr = 0.19 x 3.4% = 0.65%). Finally, it is also generally accepted that reducing stunting by 10
percentage points increases adult height by 1.02 centimetres and thus increases productivity by 3.5%
(Ystunting = 0.102 x 3.4% = 0.35%).

2.2. About HCI robustness

Kraay| (2018) itself identifies several sources of uncertainty in the calculation of the HCT depending
on the country. A priori each of the three components could be estimated with a standard deviation.
He recommends to use of confidence intervals reflecting this incertainty for each of the components.
For survival rates calculated from the under-five mortality rate, he proposes the use of the Unicef
estimateEI For the second component, i.e. that relating to harmonized educational achievement,
Kraay| (2018)) identifies two sources of uncertainty and uses the boostrap method proposed by [Patri-
nos & Angrist| (2018]) to determine confidence intervals associated with this measure. For the third
component, it jointly uses estimates from the United Nations Development Programme (UNDP)
and the Institute for Health Metrics and Evaluation (IHME) to obtain lower and upper bounds for

adult survival rates.

For the sub-component on stunting of children under 5 years of age, Kraay| (2018]) suggests the
use of interval estimates given by Unicef, the World Health Organization (W HO) and the World
Bank when available. Finally, in the absence of a joint distribution of uncertainties for the different
components that would allow these uncertainties to be considered simultaneouslyﬂ Kraay| (2018)
proposes a simple method for constructing a confidence interval for the HC'I. This approach consists
in retaining the lower or upper bounds of the components of interest. By this fact, it assumes a

strong correlation between the different components of the HC1I.

It follows in any case that if the confidence intervals of the HCI constructed with the method
proposed by [Kraay| (2018) between two countries overlap, one must be careful in interpreting this
ranking and prefer the use of the HCT value itself. This is especially recommended when imple-
menting policies to increase the productivity of the next generation workers.In the update of its
report, the World Bank has even chosen to no longer present the ranking of countries according to

the value of the HCT but rather to report it by groups of countries where the HCT is within a given

2Cf. https://data.unicef.org/topic/child-survival/under-five-mortality .
30r at least the non-availability of a variance-covariance matrix for the estimators of these components.



range (WB, 2020). There are four reasons for this choice. The first is that often the basic indicators
used to construct these composite indices may not be perfectly identical across countries. This is the
case, for example, with school tests that may be taken at different ages depending on the country.
In the case of the HCI, to our knowledge there are not yet reliable measures of the quality of higher
education that are comparable in most countries of the world. A second limitation is that for a
marginal variation in the HC1T score for a given country, the number of places gained (or lost) in the
ranking would differ from one interval to another, depending on the density in terms of the number
of countries in each interval. In other words, the number of countries in a given scoring interval
may influence the observed changes in the ranking. A third reason is that the ranking by definition
determines a relative position with respect to others. Thus, gains or losses that might be observed
for a given country between two periods may not be clearly apparent if the order does not change.
Finally, the authors of the World Bank report mention that the mission of this indicator is not to
compare countries, but rather to measure the loss of productivity of a child born today when he or
she reaches adulthood and to put in place policies that will improve the country’s situation (WB|
2020). Comparison over time, provided that the methodology remains the same, should therefore

be preferred.

This reflection on the classification of the HCI and the comparison in space leads us to question the
inclusion of uncertainty in the calculation of the HCT itself. Several authors have already pointed
out the lack of robustness of the HCT from its conception. [Pasquini & Rosati| (2020) underline the
fact that setting the values of ¢ and y4gr as proposed by [Kraay| (2018)) can be arbitraryﬂ To account
for some of this uncertainty, they conduct a limited sensitivity analysis of their results. However,
their approach consists of varying the two parameters in an ad hoc way, ¢ and y4ggr from 0.08 and
0.65 to 1 simultaneouslyﬂ Their results show that the value of the HCI changes substantially but
that the ranking of Italian provinces is not affected by this change in the parameters. Again, this
finding raises the problem of the reliability of the resulting rankingﬁ Another measure of limited
sensitivity, proposed by the authors, is to change the manner in which certain components related to
the education dimension used in the calculation of the HCI. Here again, the authors find that the
values of the HCT differ but that the positions remain broadly unchanged. In doing so, [Pasquini &
Rosati| (2020)) identify another source of uncertainty in the calculation of the HCI, the one related

to the measurement of elementary indicators.

Angrist et al.| (2019) are also aware of the uncertainty in the proposed HCI measurements and
rankings by questioning the values of the education sub-component. They assume that the scores
obtained by students in different countries follow asymptotically a Normal distribution and con-
struct confidence intervals using the bootstrap method. These authors explicitly identify a source

of uncertainty associated with the education dimension of the HCI.

Thus, as we have pointed out, |[Kraay| (2018]), the designer of the HCI, is aware of the limitation of

4These authors only consider one dimension in the health component.
5See in section the origin of the values of ¢ and y4sg used by Kraay| (2018).
6See Figure 14 p. 25 of |[Pasquini & Rosati| (2020).



the approach he proposes to construct the confidence intervals of the HCI. Indeed, it does not take
into account all the uncertainty related to the estimation of the parameters ¢, yasr and Ystunting

and their impact on the education and health returns used in the calculation of the HC'I.

In this article, we also highlight the existence of several sources of uncertainty in the calculation of
the HCT and in the consequent ranking. Our proposal is precisely to improve this issue at both
theoretical and empirical levels. The confidence intervals that we construct with our method will

allow us to nuance the weak comparisons resulting from the rankings between countries or over time.

3. Methodology and data

The uncertainty associated with the /CI emanates from the three parameters ¢, yasr and ystunting
which can be estimated in a classical way from an econometric method, but also from the values of
the variables that enter into the calculation of each component of the HCI (IT'ME, ESY, TS, ASR
and NSR). A Bayesian design i.e. with a priori on the uncertainty relative to these eight variables

would also be possible with our approach.

3.1. Presentation of the method

The approach we propose to capture the uncertainty around the punctual estimate of the HCT
through the construction of confidence intervals is inspired by |[Rao| (1973) revisited and detailed by
Abdelkhalek & Dufour] (1998]). It is a method based on projections of confidence regions. Formally,
we consider the two sources of uncertainty underlined above, recognized by [Kraay| (2018) but never

treated simultaneously.

Let 8 be the vector of the eight sources of uncertainty identified in our case and let C' be the
rectangular simultaneous confidence region of level 1 — v and associated with 3 E| In other words, as
in |Abdelkhalek & Dufour| (1998), we consider:

PBeC]>1-a (7)

where C is a random subset of R® and with 0 < a < 1. To any value of 3 € C corresponds a
value possibly different of the HCT and conversely, to any value of HCI would correspond at least
one value of 8 € C. Note by ¢g(C) the image set of C' in R through the function ¢(.) such that
g : R® — R which corresponds to the function that calculate HCI. As Rao| (1973) shows, g(C)
is a confidence interval of level 1 — « for g(8) and thus for the HCI. This is precisely the major
theoretical contribution of this paper. Indeed, since 8 € C = g(8) € g(C) then

Plg(B) e g(C)] =z P[p e C] =21 —a. (8)

"The confidence region is rectangular since it is impossible to have an estimate of the variance-covariance matrix
relative to the estimators of the eight parameters/variables considered. If such a matrix is available, ellipsoidal
confidence regions can be constructed and retained at this level. For more details see the comment of Kraay| (2018])
(P. 51) and the solution proposed in [Abdelkhalek & Dufour]| (1998)).



On the other hand for the implementation issues, let g©(C) and gY(C) be respectively the lower
and upper bounds of the confidence interval of g(3) i.e those of the HCT defined as:

(C)=inf{g(p): BeC}

gL
9
gU(C) =sup{g(B): BeC}. (9)

So, for every g € C, we deduce from it
9(B) € 9(C) = ¢"(C) < 9(B) < ¢"(C) (10)
and therefore by combining and :

Plg"(C) <g(B) <gY(C)] = Plg(B) €y(C)] = P[BeC] > 1—q. (11)

Thus, given the available information, the a priori on uncertainty of the eight parameters/variables

contained in 8 and translated into the C' region, we can numerically construct a confidence interval
for g(B) i.e. for the HCT.

As proposed by [Abdelkhalek & Dufour| (1998), the numerical procedure consists in minimizing then

maximizing HCI = g(f) under the five constraints which allow to calculate the HCI (equations
to @ and the definition of the simultaneous confidence region C' of g which is based on inequalities
(two per source of uncertainty, i.e. 16 in total)ﬁ This is the fundamental step characterizing the

core of the implementation of the method.

To solve this highly non-linear mathematical program, we use the GAMS software. Let us specify
that in this approach, the three parameters that appear in the calculation of the HCI (that is
&, Yasr and Ysiunting) become variables in the same way as the five other sources of uncertainty
(TME, ESY, TS, ASR and NSR). During the resolution, a complete scan is performed on all

these sources, simultaneously in the C region considered, contrary to a limited sensitivity analysis

on discrete values of these parameters as proposed by Kraay| (2018) and Pasquini & Rosati| (2020)).

The following system must therefore be solved twice (minimization and maximization) for each

8The mathematical formulation of this system is detailed below.



selected country for comparison.

Min/Max;, [HCI(8) = g(8)]
Under constraints:

HCI(B) = Survival(8) x School(3) x Health(3)

Survival = p%

p=1-TME_;

School — e#(Sxa—s") (12)
Sne = ESY L2

Health = ¢ (asr(ASR=2")+Ystunting(NSR—z"))

pr=1 ; s =14 ; 2=1 ; sc*=625

of < oY 5 Visr <7vasr <VYsg ; vétummg < Ystuntin WSUtummg

< <

X g
TME* <TME <TMEY ; ESY: < ESY < ESYY ; TSE LTS <TSY;
ASRF < ASR < ASRY ; NSRY < NSR < NSRY

with § a vector of eight components which are ¢, yasr and vstunting, TME, ESY, TS, ASR and
NSR. The 16 bounds of these parameters/variables (with the exponents L and U) are known at
this level from a classical or a Bayesian statistical approaches. The last three lines of the system
[12] explicitly define the rectangular simultaneous confidence region relating to these eight sources of

uncertainty, noted C previouslyﬂ

3.2. Data

To demonstrate that the approach proposed in this paper can be implemented and systematized,
we use the database constructed by the World Bank to calculate the HCT used in the 2020 report
(WB, 2020)@ Kraay| (2018)) presents in detail the construction of each of the indicators and their

sources.

In 2020 report, this database covers 217 jurisdictions (countries and territories) and contains a
priori all the indicators needed to calculate the HCI. To these indicators, we have added a variable
designating the region in which each country is located, based on the World Bank classification in
which six regions are identified [7] This variable region allowed us to construct plausible bounds for

each of the variables in our system[”]

It should be noted that several values of certain indicators contained in the database were found

9The system we propose here is general and remains unchanged even in the case where one or more uncertainties
disappear (the lower and upper bounds would then be equal for the uncertainty concerned).

10For a detailed definition of the indicators used in the calculation of the HCT and to access the raw database see
https://databank.banquemondiale.org/source/human-capital-index.

*1See https://donnees.banquemondiale.org/

12This variable could also be used for intra-regional comparisons.
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to be missing for some countries. However, given the demonstrative nature of this article, we have
only retained those jurisdictions for which we had all the information for the intermediate variables
in the calculation of the HCI. Then, the final database on which our exercise is based contains 91
countries [

The first treatment we have done is to construct the rectangular simultaneous confidence region (C)
for the eight sources of uncertainty as it appears in the system To do this, we first deduced, at
the level of each of the six regions, the minimum and maximum values of each of the five variables
observed for each countryE These values are then considered lower and upper bounds respectively
for each country in its region in our optimization program. Normally these five variables are calcu-
lated from country-specific statistical surveys and would be accompanied by appropriate standard
deviations that would be used to construct confidence intervals for these same parameters. In this
more methodological article, we have not gone as far as this level, especially since it is impossible to
us to have these standard deviations for all countries and for all variables[]

For the other three sources of uncertainty (¢, yasr and ystunting) Which are real parameters in the
econometric sense, it would have been ideal, here again, to have punctual estimates and standard de-
viations (or ideally a variance-covariance matrix) associated with the estimation of these parameters
for each country. These date would then have made it possible to construct the confidence region, C,
more rigorously. However, as [Kraay| (2018) points out, this information is not available even for the
punctual estimate. As noted in the section [I} for these three parameters the World Bank uses the
same values for all countries (cited in WB| (2019) and \WB| (2020)). In our case, we have considered
that the value of ¢ is between 0.05 and 0.09 for all countries, knowing that the punctual estimate
usually used is equal to 0.08. For the other two parameters, the limits retained are 0.45 and 0.8 for
vasr (for a punctual estimate of 0.65) and 0.25 and 0.45 for Ysiunting (for a punctual estimate of
0.35)@ Following this second step, the C confidence region under consideration is fully delimited.

3.3. Implementation and resolution

The implementation consists in solving the System [12| using specialized softwarem When writing
the program, the first step is to import the database introduced in the section [3.2] and assigning
initial values to the eight variables of the system as well as the bounds that define the C' regionE For
verification, we first calculate the value of the HCT for 2020 for each country based on the punctual

estimates that were imported. The results obtained are exactly the same as those presented in the
report |WB| (2020).

In the second step, all the equations of the System [I2] are introduced as well as the 16 inequalities

13We focused our work on the year 2020. However, it can be replicated for any year and for any number of countries
or groups of countries.

14The five variables that have been treated with this approach are: NSR, ASR, ESY, T'S and p.

15This data processing was carried out with STATA software, version 16.

161n the annexed Tablesto we reproduce the punctual estimates and bounds for the five sources of uncertainty
varying according to the region of the 91 countries under consideration.

"In our case, we used the GAMS software.

18 At this step, ¢, Yasr and YStunting are considered as variables and not as parameters.
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defining the confidence region of the eight variables under uncertainty as explained above. The
appropriate initializations for all variables are also introduced. In a loop, the program solved twice
the system for each of the 91 countries in our database. The first minimizes the HCI under all
constraints and the second maximizes it. We then obtain respectively the minimum and maximum
value of the HC' for each of the countries considered. Figure[I]schematizes the implementation and

the resolution.
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Figure 1: Schematic representation of the resolution algorithm

Preparation of the database and construction of the rectangular simultaneous
confidence region for the 8 sources of uncertainty

Punctual estimates : 3 = {NSR, ASR, ESY, TS, b, & Vasp» Vstunt}

Lower and upper bounds: - et Y

Final database: 91 countries

IVIin/I\/IaXS [HCI(B) =gq(3)]
[nder constraints:

HCI(B) = Survival(8) x School(8) x Health(8)
Survival = ;}%

p=1-TME_s

School = e#(Sve—=")

Sy =ESYZLS

Health = e3(7as#(ASR—=") 1S tunting(NSR—3"))

pr=1 :: s=14d ; =1 ; sc'=625
<o <Y 5 Visr <SR <Visr 1 VEunting < Vstunting < VSyunting
TMEL ¢ TME < TMEV . ESYL < ESY < ESYV . TSL < TS < TSY,;

ASRL £ ASR< ASRY . NSRLE< NSR< NSRY

Numerical resolution of the programin a I'oop (91 countries) with initialization of the
variables on the initial assignments performed in step 1:

[ and other intermediate variables

Output: HCI and the corresponding confidence intervals for each country
[8(B) ; 8Y(B)] = [HCl,,¢; HClg,,,)

Source: Authors
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4. Results and discussion

Once the System is solved for each country (minimization and maximization), the results for
the lower and upper bounds of the HCT are recovered. Table [1| presents these results in confidence
intervals for the 91 countries to which we have added the calculated punctual values of the HCI.
Countries are thus ranked in ascending order of their HCT in 2020 as the World Bank continues to
do.

As expected, the confidence intervals obtained are more informative for each country. They also
allow comparisons to be made between countries, but especially over timeE For example, in the
case of Morocco, the punctual estimate of the HCT in 2020 is equal to 0.504. Our results show that
this index would in fact lie between 0.493 and 0.514 precisely because of the various uncertainties
related to its calculation, as approached and integrated into our method. A similar analysis done
for a Latin American country such as Paraguay, for example, shows that this confidence interval is
wider (from 0.510 to 0.542) for a punctual estimate equal to 0.528. This observation can be observed
for most countries of this continent. It should be noted that the intervals for Asian countries are
shorter than those obtained for African or Latin American countries. This is explained by the fact
that the information contained in the database for Asian countries is very close to each other (less
dispersion and therefore less uncertainty) unlike African or Latin American countries where there is

more dispersion in the basic data, which indicates more uncertainty.

At the level of cross-country comparisons, the results seem more reliable and robust. Indeed, on an
ad hoc basis, it can be deduced that Egypt’s HCT (0.494) is lower than that of Morocco (0.504)
and Tunisia (0.517). However, examination of the confidence intervals for these HC1I for these three
countries leads to nuance these rankings. It is easy to see that these confidence intervals for the HCT
for these three countries overlap at least two by two, which makes some comparisons ambiguous.
Moreover, it is known that all the values contained in a confidence interval are statistically equivalent.
Thus, the HCT score of Egypt (0.494) belongs to the confidence interval constructed for the HCT
of Morocco. This is the case for an infinity of other values in the confidence interval of the HC'T
of Egypt. It also emerges that there is a very clear intersection between the confidence intervals
of the HC'T constructed for Morocco and Tunisia. Similar results are observed by comparing the
confidence intervals of the HCI constructed for Senegal and South Africa for example. For these
reasons, and as noted in section [2.2] comparisons based only on punctual estimates of the HCT
should be conducted with caution. Sometimes comparisons based on confidence intervals lead to
robust assertions. This is the case, for example, when comparing the confidence interval of Morocco’s
HCT with that of South Africa.

19Note that our method can be used several successive years for the same country. The resulting confidence intervals
can be examined to conclude about the significance of the progress made on the HCI over time.
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Table 1: Confidence intervals of HCT

Country HCIpny HCI HClsyp | Country HCIpny HCI HClsup
Chad 0,282 0,300 0,317 Bangladesh 0,455 0,464 0,472
South Sudan 0,267 0,307 0,334 Zimbabwe 0,444 0,467 0,488
Niger 0,295 0,316 0,333 Myanmar 0,459 0,478 0,494
Mali 0,307 0,318 0,329 Honduras 0,469 0,481 0,491
Liberia 0,303 0,319 0,332 Cambodia 0,471 0,492 0,507
Nigeria 0,335 0,361 0,381 India 0,489 0,494 0,498
Mozambique 0,343 0,362 0,377 Egypt 0,480 0,494 0,508
Angola 0,330 0,362 0,385 Guyana 0,477 0,495 0,510
Sierra Leone 0,345 0,363 0,379 Dominican  Re- 0,489 0,503 0,515
public
Congo, Dem. 0,344 0,366 0,385 Morocco 0,493 0,504 0,514
Rep.
Guinea 0,352 0,371 0,387 Tajikistan 0,481 0,504 0,525
Eswatini 0,352 0,373 0,390 Nepal 0,490 0,505 0,519
Yemen, Rep. 0,353 0,373 0,388 Nicaragua 0,500 0,508 0,516
Sudan 0,362 0,377 0,391 Philippines 0,501 0,516 0,531
Rwanda 0,364 0,380 0,392 Tunisia 0,508 0,517 0,525
Cote d’Ivoire 0,362 0,380 0,398 Paraguay 0,510 0,528 0,542
Mauritania 0,345 0,382 0,406 Algeria 0,527 0,535 0,542
Ethiopia 0,372 0,383 0,392 Jamaica 0,518 0,535 0,548
Burkina Faso 0,363 0,384 0,402 Indonesia 0,530 0,540 0,550
Uganda 0,371 0,384 0,396 El Salvador 0,531 0,546 0,560
Burundi 0,364 0,386 0,406 Kenya 0,527 0,547 0,565
Tanzania 0,377 0,390 0,401 North Macedonia 0,551 0,557 0,563
Madagascar 0,375 0,392 0,409 Azerbaijan 0,562 0,578 0,591
Zambia 0,381 0,397 0,410 Armenia 0,569 0,579 0,589
Cameroon 0,377 0,397 0,418 Bosnia and 0,571 0,580 0,588
Herzegovina
Afghanistan 0,387 0,400 0,413 Moldova 0,575 0,584 0,593
Lesotho 0,375 0,400 0,423 Ecuador 0,585 0,594 0,603
Comoros 0,360 0,405 0,434 Kyrgyz Rep. 0,587 0,597 0,605
Pakistan 0,392 0,406 0,419 Sri Lanka 0,592 0,598 0,604
Traq 0,401 0,408 0,414 Argentina 0,592 0,602 0,612
Malawi 0,395 0,413 0,429 St. Lucia 0,588 0,603 0,615
Congo, Rep. 0,393 0,419 0,440 Colombia 0,592 0,604 0,616
Solomon Isl. 0,409 0,420 0,430 Peru 0,593 0,605 0,616
Senegal 0,404 0,420 0,435 Thailand 0,598 0,609 0,620
Gambia, The 0,394 0,422 0,442 Malaysia 0,601 0,611 0,621
South Africa 0,414 0,425 0,437 | Mexico 0,605 0,613 0,621
Papua New 0,413 0,429 0,444 Bulgaria 0,603 0,614 0,625
Guinea
Togo 0,410 0,432 0,452 Mongolia 0,597 0,614 0,630
Namibia 0,423 0,446 0,465 Kazakhstan 0,622 0,629 0,635
Haiti 0,428 0,447 0,463 Montenegro 0,624 0,633 0,641
Ghana 0,438 0,450 0,462 Albania 0,625 0,634 0,643
Timor-Leste 0,432 0,454 0,472 Turkey 0,641 0,649 0,658
Vanuatu 0,436 0,455 0,470 China 0,640 0,653 0,665
Lao PDR 0,441 0,457 0,470 Serbia 0,665 0,677 0,687
Gabon 0,433 0,458 0,478 Vietnam 0,671 0,690 0,708
Guatemala 0,451 0,461 0,470

Sources: Authors
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5. Conclusion

To monitor the progress in human development and to make comparisons over time and space,
several international institutions have developed composite indices. The best known is the famous
Human Development Index (H DI) of the UNDP. In 2018, in what appears to be a reaction, adopting
an approach developed by |Kraay| (2018), the World Bank proposed its own composite index, the
Human Capital Index (HCT). This last one is innovative since it focuses on the accumulation of

human capital relative to future generations for children born today.

This index, like others used for international comparisons, suffers of robustness due to the lack of
systematic consideration of uncertainties in its calculation. In the case of the HCI, the designer
of the index itself recognizes this weakness. The solution proposed by Kraay| (2018) is simple and
ad hoc. The approach that we propose in this article largely fills this gap without questioning the

relevance of the index or its calculation method.

For this purpose, we construct an econometric method based on projections of confidence regions to
take into account several uncertainties related to the calculation of the HCI. The theoretical basis
of this approach is presented in our paper as well as its numerical implementation. Using the 2020
World Bank database, we construct confidence intervals of the HCT for 91 countries. These allow

reliable comparisons to be made that are much more robust than those based on punctual estimates.

We believe that this approach can be systematized by the World Bank, for example, to accompany
punctual estimates of the HC'I. Confidence intervals constructed with our method allow to statisti-
cally bound the estimate of the HCI. In the case of Paraguay, for example, saying that the punctual
estimate of the HCT is equal to 0.528 is to be qualified since the productivity of a child born today
will actually have a productivity expected today for 2038, between 51% and 54.2%. On the other
hand, our method also makes it possible to nuance comparisons resulting from rankings on the base
of the HC1I over time or between countries. On the time dimension, in the example of Paraguay, if
in 2025, the calculated HCT was equal to 54%, with an interval similar to that of 2020, the progress
made by Paraguay over this period would be considered statistically insignificant. For comparisons
between countries we have shown, for example, that in 2020 between Morocco, Tunisia and Egypt,
the confidence intervals overlap, which imposes a nuanced comparison. On the other hand, in other
situations, our approach allows an unambiguous comparison of the situation between two countries.

This is the case, for example, of Morocco in comparison with South Africa in 2020.

In a next step, the proposed method could be completed at several levels. Indeed, as we mentioned,
in this article we have used the values proposed by |Kraay| (2018) for the parameters ¢, yasr and
VStunting- Bven if we have constructed confidence intervals to introduce uncertainty, the bounds
considered remain only illustrative. It would therefore be interesting to estimate these parameters
econometrically, to deduce the standard deviations for the estimated values and the corresponding
confidence intervals for each country. At our level, this could only be done for a few countries for
which we would have access to data. In the same perspective, the confidence region considered in
this paper is a rectangular type. It would be interesting to consider ellipsoidal confidence regions at

least, for some parameters. For this, our method can beeasily adapted. .
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The extension of our method can also be done to consider the uncertainty related to variables linked
to HCI deduced in other studies (GDP per capita, growth rate, poverty rate, ...). Ultimately, we
plan to rapidly make systematic the use of our method to construct confidence intervals for the HC'T
calculated by the World Bank or other researchers, by making our GAMS and R programs freely

available.
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Annex

Table 2: Confidence intervals for the five components under uncertainty HC'T

Country ASRInf ASRSup ESY]TLf ESYSup TS]nf TSsup NSR]nf NSRSUP PInf PSup
Chad 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
South Sudan 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Niger 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Mali 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Liberia 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Nigeria 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Mozambique 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Angola 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Sierra Leone 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Congo, Dem. Rep. 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Guinea 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Eswatini 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Yemen, Rep. 0,804 0,961 6,932 13,763 321,327 480,752 0,536 0,916 0,945 0,996
Sudan 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Rwanda, 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Cote d’Ivoire 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Mauritania 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Ethiopia 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Burkina Faso 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Uganda 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Burundi 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Tanzania 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Madagascar 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Zambia 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Cameroon 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Afghanistan 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
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Table 3: Confidence intervals for the five components under uncertainty HCI - Continued

Country ASR[nf ASRSup ESY]nf ESYSup TS[nf TSSup NSR[nf NSRSUP Dinf PSup
Lesotho 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Comoros 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Pakistan 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Iraq 0,804 0,961 6,932 13,763 321,327 480,752 0,536 0,916 0,945 0,996
Malawi 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Congo, Rep. 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Solomon Islands 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Senegal 0,523 0,859 4,157 13,084 | 304,922 472,767 0,458 0,830 0,880 0,986
Gambia, The 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
South Africa 0,523 0,859 4,157 13,084 | 304,922 472,767 0,458 0,830 0,880 0,986
Papua New Guinea 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Togo 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Namibia 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Haiti 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Ghana, 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Timor-Leste 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Vanuatu 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Lao PDR 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Gabon 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Guatemala 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Bangladesh 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Zimbabwe 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986
Myanmar 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Honduras 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Cambodia 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
India 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
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Table 4: Confidence intervals for the five components under uncertainty HCI - Continued

Country ASR[nf ASRSup ESY[nf ESYSup TS]nf TSsup NSR[nf NSRSup Pinf PSup
Egypt, Arab Rep. 0,804 0,961 6,932 13,763 | 321,327 480,752 0,536 0,916 0,945 0,996
Guyana 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Dominican Republic 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Morocco 0,804 0,961 6,932 13,763 | 321,327 480,752 0,536 0,916 0,945 0,996
Tajikistan 0,804 0,929 10,858 13,808 390,566 497,546 0,822 0,951 0,965 0,997
Nepal 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Nicaragua 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Philippines 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Tunisia 0,804 0,961 6,932 13,763 | 321,327 480,752 0,536 0,916 0,945 0,996
Paraguay 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Algeria 0,804 0,961 6,932 13,763 | 321,327 480,752 0,536 0,916 0,945 0,996
Jamaica 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Indonesia 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998

El Salvador 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Kenya 0,523 0,859 4,157 13,084 304,922 472,767 0,458 0,830 0,880 0,986

North Macedonia 0,804 0,929 10,858 13,808 390,566 497,546 0,822 0,951 0,965 0,997
Azerbaijan 0,804 0,929 10,858 13,808 390,566 497,546 0,822 0,951 0,965 0,997
Armenia 0,804 0,929 10,858 13,808 390,566 497,546 0,822 0,951 0,965 0,997
Bosnia and Herzegovina 0,804 0,929 10,858 13,808 390,566 497,546 0,822 0,951 0,965 0,997
Moldova 0,804 0,929 10,858 13,808 390,566 497,546 0,822 0,951 0,965 0,997
Ecuador 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Kyrgyz Republic 0,804 0,929 10,858 13,808 390,566 497,546 0,822 0,951 0,965 0,997
Sri Lanka 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Argentina 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995

St. Lucia 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Colombia 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
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Table 5: Confidence intervals for the five components under uncertainty HCI - Continued™* **

Country ASRInf ASRSW, ESY]nf ESYSUP TS]nf TSSup NSR]nf NSRSup Pinf PSup
Peru 0,774 0,940 9,590 13,722 337,815 533,998 0,533 0,975 0,935 0,995
Thailand 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Malaysia 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998
Mexico 0,774 0,940 9,590 13,722 | 337,815 533,998 0,533 0,975 0,935 0,995
Bulgaria 0,844 0,955 11,830 13,936 | 441,093 543,206 0,930 0,930 0,993 0,998
Mongolia 0,782 0,955 8,336 13,921 | 338,657 575,272 0,505 0,919 0,931 0,998
Kazakhstan 0,804 0,929 10,858 13,808 390,566 497,546 0,822 0,951 0,965 0,997
Montenegro 0,804 0,929 10,858 13,808 390,566 497,546 0,822 0,951 0,965 0,997
Albania 0,804 0,929 10,858 13,808 | 390,566 497,546 0,822 0,951 0,965 0,997
Turkey 0,804 0,929 10,858 13,808 | 390,566 497,546 0,822 0,951 0,965 0,997
China 0,782 0,955 8,336 13,921 | 338,657 575,272 0,505 0,919 0,931 0,998
Serbia, 0,804 0,929 10,858 13,808 390,566 497,546 0,822 0,951 0,965 0,997
Vietnam 0,782 0,955 8,336 13,921 338,657 575,272 0,505 0,919 0,931 0,998

*Remember that in our case we have considered for all countries that the value of ¢ is between 0.05 and 0.09, that of yasr between 0.45 and 0.8 and 0.25 and 0.45

for YStunting-
**The order of the countries is the same as in the table [[]based on the value of HCT at the punctual estimate.

Sources: Authors
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