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Abstract 
This paper considers the progress of poverty alleviation in Sub-Saharan Africa using 
multidimensional indices. The Human Development Index (HDI) produced by the 
United Nations considers aspects of human development in income, health and 
education. This study seeks to offers an addition, with similar calculations, of the 
composition of variables to also include technology and gender equality. The index is 
applied to 40 countries in the Sub-Saharan African region. By observing the changes 
in the index between the years of 2005 and 2010, we find our index shows remarkable 
improvement in human development over the period. We conclude that multivariate 
wellbeing in Africa appears to have been improving, although there is evidence of 
continuing divergence between already well performing countries and those lagging 
behind. 
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1. Introduction 
There has been a recent focus in economic literature on the measurement of 
wellbeing.  Previously economic welfare has mostly been concerned with monetary 
resources, however increasingly researchers have endeavoured to add non-monetary 
factors into social wellbeing indices (Sen, 1985; Decancq and Lugo, 2010). A key 
part of this approach, when measuring human welfare, is to take into consideration a 
combination of factors that are both tangible and intangible. 

The most common example of this is the Human Development Index (HDI), which is 
a wellbeing measure calculated at national level. The HDI provides a measure of the 
development of countries that accounts for differences in income, education and life 
expectancy (Herrero, et al., 2012). Combining indicators of these criteria into a single 
measure provides a framework to make general conclusions about the contrasting 
states of economic wellbeing in differing countries.  

One potential criticism of the HDI is that it ignores various facets of welfare that 
could be considered important (Ravallion, 2010). For example the enfranchisement of 
women is generally considered to be a desirable characteristic for a nation to exhibit, 
yet there is no such measure that appears in the HDI. Similarly a high level of 
technological development may pave the way for future growth, yet this is also not 
directly accounted for. 

The purpose of this paper is to produce an alternative indicator to the HDI that 
considers these other aspects of welfare. We develop a measure based on income, the 
labour force participation ratio of females, technological sophistication, education and 
infant mortality. The index is applied to recent data from Sub-Saharan Africa, because 
poverty in this region has been unusually severe. Fortunately, there has been positive 
economic growth in recent years, and the Millennium Development Goal of halving 
dire poverty by 2015 (relative to 1990 levels) is likely to be met. By measuring 
development using multidimensional welfare indices we are able to confirm this 
recent progress. 

Specifically the paper monitors the trend in welfare from 2005 to 2010. Furthermore 
it will examine the distribution of wellbeing across countries, and study mobility in 
welfare over time. In particular we are interested in the issue of convergence, notably 
whether poorer countries are catching up to richer countries, or if there is increasing 
inter-country inequality in welfare. 

This paper proceeds as follows. Section 2 explains the sources used for the collection 
of data. It introduces the sample of countries took into consideration for the index, 
justifies the choice of variables and gives their formal interpretations. Section 3 
develops the adjusted Sub-Saharan African multidimensional development index and 
focuses on how the rankings of nations change during the period between 2005 and 
2010. It examines the average score of the index in the two time periods and discusses 
whether there has been a significant improvement in the development of the most 



 

2 

disadvantages countries. Section 3 concludes by discussing to what extent the level of 
inequality in human development has been reduced. 

2. Data 
Data is taken from the World Bank and the United Nations databases. The 
observations considered are 40 countries located in Sub-Saharan Africa in 2005 and 
2010. Only in one observation, data from 2004 was chosen as the 2005 data was 
missing. These years were chosen as they are two of the most recent which are 
affected the least by missing values. The two years analysed are also sufficiently far 
apart to allow for trends in welfare to be assessed. 

In order to measure welfare at national level we take observations on income, health, 
female empowerment, technological sophistication and education. A description of 
each variable follows. Gross National Income (GNI) is a widely used measure of 
economic activity.  It represents a claim on resources at the national level and 
therefore captures traditional notions of welfare such as poverty and consumption. 
Health is measured using the infant mortality rate in each country. This variable is 
indicative of the ability for a society to care for its most vulnerable measures and 
serves as a proxy for the overall state of health in the population.  

Gender inequalities are measured using the ratio of female to male employment. As 
there has been a lot of criticism of aggregate national indicators for not taking this 
variable into account while monitoring process in achieving the MDGs (Wamala & 
Kawachi, 2010) it is especially important that it be included here. In addition we 
measure technological sophistication using the number of mobile phones per one 
hundred people in a country. It is worth noting that Sub-Saharan Africa and South 
Asia have the lowest access to ICT in the world (Pigato, 2001) so an improvement in 
this space would mean justification for development and movement towards western 
use of technology. Lastly, education is measured using mean years of schooling. It is 
added to capture the educational dimension within our index, which is a major 
measure of well-being and economic development and also greatly reflects the quality 
of life in a particular region. 

To incorporate these variables into an index, the standardisation method used to 
calculate HDI will be used which will give each variable a value between 0 and 1 
(United Nations, 2014). For minimum and maximum variables, the highest and lowest 
observed value for both years within the sample of 40 countries was used. For infant 
mortality the standardised calculation was subtracted from 1 as lower mortality shows 
an increase in development. 

In each case we use the standardization formula 

     (1) 
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to convert each dimension to a score from 0 to 1.  The maximum and minimum values 
are obtained from the pooled data set across both 2005 and 2010. Once the 
standardized data are obtained, the scores are combined to produce a composite 
wellbeing index for each country. The CES functional form is used 

     (2) 

where  is the welfare score for each country, and   is a weight that governs the 
degree of substitution between the dimensions. Using  makes the index equal to 
the arithmentic mean of the dimension scores. Using a geometric mean instead has the 
advantage of penalizing a country for having uneven attainments across the 
dimensions, however it would have caused the index equate 0 for the countries that 
score the lowest in the data set, as their standardised value for that specific variable 
will be 0. Conversely the arithmetic mean does not penalise at all for countries that 
over perform or underperform in one specific area (e.g. income) but is straightforward 
to calculate and interpret. 

A compromise between these weightings may be obtained by setting  which 
allows for non-zero scores for all countries and imperfect substitution in welfare 
criteria across the dimensions. This is the specification used throughout the paper. 

3. Results 
The results are presented in Table 1 below. The nations with the highest index include 
Botswana (0.91), Gabon (0.81) and South Africa (0.78). Conversely, the nations with 
the lowest values include Niger (0.13), Chad (0.20) and Mali (0.22). Considering the 
change in index from 2005 to 2010, the average of the index has increased 0.1331 
over the five year period. This shows a substantial increase of wellbeing across Sub-
Saharan Africa.  Botswana and Equatorial Guinea had the largest increase with 0.26 
and 0.22 respectively. Marginal increases below 0.1 include the Democratic Republic 
of Congo, Niger, Chad, Central Africa, and Burundi. 

Table 1. 

Country 
2005 
Index 
value 

2005 
Rank 

2010 
Index 
value 

2010 
Rank 

Change 
in Index 

Change 
in rank 

Angola                              
            0.2006 27 0.3737 26 0.1730 1 

Benin 0.2534 22 0.4255 19 0.1721 3 
Botswana 0.6592 3 0.9144 1 0.2552 2 
Burkina Faso 0.1459 37 0.2565 36 0.1106 1 
Burundi 0.1957 28 0.2907 30 0.0951 -2 
Cameroon 0.3323 12 0.4455 14 0.1133 -2 
Cape Verde 0.3372 11 0.4805 11 0.1433 0 
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Central African Republic 0.1853 30 0.2757 31 0.0904 -1 
Chad 0.1218 38 0.2024 39 0.0806 -1 
Cote d'Ivoire 0.2430 24 0.3922 24 0.1492 0 
Democratic Republic of 
Congo 0.1797 31 0.2445 37 0.0648 -6 

Equatorial Guinea 0.5385 5 0.7574 5 0.2189 0 
Ethiopia 0.1547 36 0.2645 34 0.1097 2 
Gabon 0.6765 1 0.8189 2 0.1424 -1 
Gambia 0.2925 18 0.4528 13 0.1603 5 
Ghana 0.3962 7 0.5540 7 0.1578 0 
Guinea 0.1595 35 0.2716 32 0.1121 3 
Guinea Bissau 0.1930 29 0.2997 29 0.1067 0 
Kenya 0.3746 8 0.5163 8 0.1417 0 
Lesotho 0.3276 13 0.4355 17 0.1079 -4 
Liberia 0.2186 26 0.3640 27 0.1454 -1 
Madagascar 0.3184 15 0.4401 16 0.1217 -1 
Malawi 0.2387 25 0.3786 25 0.1398 0 
Mali 0.1034 39 0.2187 38 0.1153 1 
Mauritania 0.1676 32 0.3039 28 0.1362 4 
Mauritius 0.6129 4 0.7660 4 0.1531 0 
Mozambique 0.1595 34 0.2676 33 0.1080 1 
Namibia 0.4907 6 0.6759 6 0.1852 0 
Niger 0.0552 40 0.1327 40 0.0775 0 
Nigeria 0.2698 20 0.4002 23 0.1304 -3 
Rwanda 0.2488 23 0.4042 22 0.1554 1 
Sao Tome and Principe 0.2616 21 0.4083 21 0.1467 0 
Senegal 0.3109 17 0.4576 12 0.1468 5 
South Africa 0.6656 2 0.7750 3 0.1093 -1 
Sudan 0.1622 33 0.2632 35 0.1010 -2 
Swaziland 0.3724 9 0.5130 9 0.1406 0 
Tanzania 0.3413 10 0.4834 10 0.1421 0 
Togo 0.3159 16 0.4190 20 0.1031 -4 
Uganda 0.2925 19 0.4287 18 0.1362 1 
Zambia 0.3187 14 0.4447 15 0.1259 -1 
AVG 0.2973 - 0.4304 - 0.1331 - 

 

Figure 1 in the appendix shows the increase in index score from 2005 to 2010 relative 
to country ranks in 2005. From a visual observation a downward trend can be 
recognised. This suggests that countries which initially had a higher ranking in 2005 
also had the highest improvement over the 5 year period. Countries that had a lower 
ranking in 2005 tended to have relatively smaller increase in their index, particularly 
the bottom 13 countries which all had increases below 0.15. Botswana, Equatorial 
Guinea and Namibia had the 3 largest increases in index and are also in the top 6 
ranked countries in 2005.  

The results are largely influenced by changes in access to communication proxied by 
mobile phone access. During the observed period, a massive increase in mobile phone 
users in the Sub-Saharan African region of an average of 566% has been a the main 
contributor to development in our analysis. A much greater access to communication 
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technologies shows that a greater proportion of the population gains access to 
electricity and improved living standards. 

The next main driver of the increase is mortality rate, indicating that access to health 
is improving on average across the data set. The average decrease in mortality rate for 
children under the age of 5 dropped by 20% from 115 deaths per 1000 births in 2005 
down to 93 in 2010. According to O’Hare et al. (2013), an improvement in infant 
mortality is usually a spill over effect for an enhanced overall access to health in a 
country, especially in the lower socio economic groups where the likelihood of infant 
mortality is the highest. Hence, having this variable as one of the main contributors to 
the index growth is indeed positive. 

Only small increases have occurred in the measures of schooling and the measure of 
gender equality. Both these findings highlight areas for further improvement in Sub-
Saharan Africa. Improving gender equality is important to ensure that development is 
shared between the sexes and that increasing opportunities that come with growth is 
not solely distributed among males. Having a sufficient amount of time devoted to 
basic education has been proven to be a strong driver of happiness as well as an 
enabler for economic expansion required to stimulate improvements in living 
standards (Suri et al., 2011). 

The LHS of Figure 2 shows the frequency distribution of index scores for both. The 
distribution shows the average value increasing with most scores around 0.25 in 2005 
and the scores distributing around 0.4 in 2010. The skewness of the distribution shows 
that severely underdeveloped nations sitting in the left tail have increases significantly 
over the period. 2010 shows much less density here, indicating a reduction in severely 
underdeveloped countries. This reduction is a positive sign for Sub-Saharan Africa, 
showing that improvements in income, health, education, gender equality are reaching 
the poorest nations. The RHS of Figure 2 shows the correlation between the 2005 and 
2010 values for the index. A very clear upward trend can be observed here, with more 
density in the lower index region. This suggests that divergence is occurring between 
the large cluster of countries with a lower score and a few countries that are breaking 
away.  

4. Conclusion 
This paper has calculated a multidimensional wellbeing index for Sub-Saharan Africa. 
The index was based upon Gross National Income, child mortality rates, female 
labour force participation, technological development and average educational 
attainments. We show that there was a promising increase in development from 2005 
to 2010 across all nations in the region. However our results indicate that it was the 
more developed countries that progressed most over this period, suggesting a 
divergence in wellbeing. 
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Figure 1. Change in Welfare Index Relative to 2005 Ranking 
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Figure 2. Densities of and Correlations between Welfare Scores – 2005 and 2010 
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