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Introduction: Sarker et al. (2006) in their paper argued that Human Development Index 

(HDI) should include income equality measures (EQ) also in addition to the three 

measures, life expectancy index (LE), educational index (ED) and per capita income at 

the purchasing power parity with US dollar  (PCI), conventionally incorporated in it. 

They computed the per capita income distribution-adjusted composite index (DAPCHDI) 

of human development and showed that the ranking of countries on the basis of this type 

of HDI (that includes income distribution as one of the component indices) differed 

substantially from the ranking calculated in the Human Development Reports of UNDP 

(published annually).  They suggested, therefore, that within-country income distribution 

should be given its due importance in international comparison of countries.  

 

 Sarker et al. used data on life expectancy, educational index and per capita 

income from the Human Development Report of UNDP for 2004. From the information 

on Gini coefficients of income distribution available in the HDR for various years they 

also constructed an index to measure equality in distribution of per capita income. They 

used the Gini coefficients data over a span of 13 years (1990–2002). Under the 

constraints of data availability on income distribution, they chose 125 countries for 

construction of distribution-augmented HDI.
 

The indices were subjected to the principal 

component analysis (PCA) and two composite indices of Human Development, the one 

(PCHDI) without incorporating equality index and the other (DAPCHDI) with its 

inclusion were obtained.  They noted, among other points, the following: 

 

o Against the equal HDR weights for every index (1/3 0.333≈ ), the principal 

component weights for life expectancy, education and per capita income in the 

PCHDI were 0.36, 0.32 and 0.32 respectively. These weights were 0.30, 0.25 and 

0.25 for the DAPCHDI. Since the latter also includes the equality index, the 

residual (0.20) weight was assumed by this additional variable. These weights 

sum up to unity.  

o Due to change in weights assigned to different indices to make their linear 

aggregate (the composite index of HDI), the ranks of different countries in 

PCHDI and DAPCHDI were notably different.  

 

The Present Study:  Our objective here is twofold. First, we re-compute the DAPCHDI 

with the data given by Sarker et al. in their paper to compare our composite index with 

theirs. Secondly, we compute a slightly different DAPCHDI by a new method, which, 

unlike the principal component analysis that aims at maximizing the sum of squared 

coefficients of correlation between the composite index and the constituent variables, 

maximizes, instead, the sum of absolute coefficients of correlation between the composite 

index and the constituent variables. We call them NHDI2 and NHDI1 respectively. 

 



Haq (2003) noted that there is no a priori rationale for assigning different weights 

to different constituent indices. Each dimension of development is important, but the 

importance of each dimension may be different for developed and developing countries. 

Hence, he pleaded for equal weights on the principle of insufficient reason to 

discriminate among the constituent indices. In a hurry to abandon income as a sole 

measure of development, the protagonists of human development resorted to extreme 

pragmatism. On the other hand, the PCA, a blindly empiricist method, has a tendency to 

undermine poorly correlated variables and instead favour highly correlated variables to 

make a composite index (Mishra, 2007-a and 2007-b). A comparison of the principal 

component index with the one constructed by maximizing the sum of absolute correlation 

coefficients has revealed that the latter is an inclusive index (giving due weights to poorly 

correlated variable too) while the principal component index is largely elitist, favoring 

highly correlated variables and undermining the poorly correlated ones (Mishra, 2007-c).  

 

A Formal Description: It has been mentioned that the PCA makes a composite index 

such that the sum of squared coefficients of correlation between the composite index and 

the constituent variables is maximized. On the other hand, our new (inclusive) method 

maximizes the sum of absolute coefficients of correlation between the composite index 

and the constituent variables. Formally, if I is the composite index, ; 1,2,...,
j

x j m=  are 

the constituent variables (such as the life expectancy index, educational index, etc) and 

( , )
j

r I x  is the coefficient of correlation between I and 
j
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(2). I (new method) is obtained by maximizing 
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 These measures relate to the Minkowski norm, Lp, for p=2 and p=1 respectively. 

The I (PCA) may be obtained by maximizing the above measure directly by some 

suitable method of non-linear optimization or by the traditional method (finding largest 

eigenvalue and the associated eigenvector of the correlation matrix of constituent 

variables, etc). However, I (new method) must be obtained by direct maximization. 

 

Findings: We have maximized the quantities directly (Mishra, 2007-d) by the 

Differential Evolution method of global optimization to obtain I (PCA) and I (new 

method) from the four indices, namely life expectancy (LE), education (ED), per capita 

income (PCI) and equality index (EQ). The data for 125 countries, given by Sarker et al. 

in their paper, are reproduced in Table-4 here. We also reproduce the HDR-2004 ranks 

(R1), PCHDI ranks (R2) and values as well as the DAPCHDI ranks (R3) and values 

obtained by Sarker et al. It may further be noted that computation of I (PCA) by the 

traditional method gives the same correlation coefficients (loadings) to variables (LE, 

ED, PCI and EQ) as does the direct optimization method.  

 

 The HDI indices computed by us are NHDI2 (principal component) and NHDI1 

(new method) and the ranks obtained by different countries are R4 and R5 respectively. 

These HDI indices too are presented in Table-4. Note that ranks are based on more 

accurate NHDI2 and NHDI1 figures than what are presented in the Table-4. 



 In our analysis, the constituent indices of HDI obtain different weights and are 

differently correlated with their composite HDI indices. These weights and correlation 

coefficients are given in Table-1 and Table-2 respectively. 

 
Table-1: Weights assigned to the Constituent Indices by Different Methods 

Indices LE ED PCI EQ 

DAPCHDI 0.30 0.25 0.25 0.20 

NHDI2 0.270909751 0.275588551 0.289481714 0.164019853 

NHDI1 0.239643184 0.258695275 0.265657700 0.236003815 

  
Table-2: Correlation of Composite HDI Indices with Different Constituent Indices 

Index LE ED PCI EQ SAR SSR 

NHDI2 0.923635411 0.870389039 0.890306269 0.567829911 3.25216063 2.72575551 

NHDI1 0.914036295 0.845974366 0.865869176 0.639601336 3.26548117 2.70995428 

SAR=Sum of Absolute correlation coefficients; SSR=Sum of Squared correlation coefficients 

 

 It may be noted that NHDI1 trades off SSR only slightly to assign higher weights 

to EQ index. In exchange, the weights of LE, ED and PCI are reduced. Overall, NHDI1 

weights are more egalitarian than the NHDI2 weights. Finally, in the Table-3 below we 

present the matrix of correlation coefficients (based on figures in Table-4) among and 

across different ranks and composite HDI measures.  

 
Table-3: Correlation Matrix of Different Ranks and HDI Indices obtained by Different Methods 

Ranks obtained by Different Methods HDI Indices obtained by Different Methods 
Ranks/  

HDI Indices R1 R2 R3 R4 R5 PCHDI 
DA 

PCHDI 
NHDI2 NHDI1 

R1 �������� �������� �������� ������	� ����
�	� �������
� �����	��� ��������� �����
���

R2 �������� �������� ����	
�� ������
� ������
� ��������� �����
	�� ��������� ���������

R3 �������� ����	
�� �������� �����
�� ����
�
� ������
�� ����
	��� ����
�
�� ����
��
�

R4 ������	� ������
� �����
�� �������� ������
� ������
�� ����
���� ����
	
�� ����
	
��

R5 ����
�	� ������
� ����
�
� ������
� �������� ����
�	
� ����
	�	� ��������� ����
�

�

PCHDI �������
� ��������� ������
�� ������
�� ����
�	
� �������� �������� ���

�	� ����	���

DAPCHDI �����	��� �����
	�� ����
	��� ����
���� ����
	�	� �������� �������� �����

� ����
���

NHDI2 ��������� ��������� ����
�
�� ����
	
�� ��������� ���

�	� �����

� �������� ��������

NHDI1 �����
��� ��������� ����
��
� ����
	
�� ����
�

� ����	��� ����
��� �������� ��������

 

Concluding Remarks: The Human Development Reports assign subjective (or arbitrary) 

weights to indices of life expectancy, education, and income. Inclusion of equality index 

to HDI naturally raises the question as to the weight to be assigned to it. It is also 

required to reduce the weights assigned to other indices. An attempt may be made to 

obtain weights by the principal component analysis. However, the principal component 

analysis has a tendency to undermine the variables with weaker correlation coefficients. 

It may be elitist in favouring the highly correlated indices. Variance or explanatory power 

of a composite index cannot be the sole guide to assign weights. Representation of 

individual indices in the composite HDI also matters. The HDR has taken an extreme 

stand of assigning equal weights to all indices and suffers from an excessive bias to 

pragmatism. However, the new method of obtaining weights and constructing an HDI 

suggested by us is inclusive in nature, which takes care of weakly correlated indices also 

and gives them proper representation in the composite Human Development Index. 
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