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ABSTRACT 

The prime objective of the study was to introduce the application of a Bayesian method of 

estimation in the computation of the Gini coefficient. The bootstrap estimation technique was also 

employed to obtain confidence intervals for the estimated Gini coefficients which were used to 

statistically analyze the significant change of inter-household income inequality between 2005/06 

and 2012/13 in Ghana with emphasis on the sex of head of household. Most of the methods used 

in calculating the Gini coefficient are numerically determined and many rely on income. This 

study provides a more statistical way of calculating the Gini coefficient which depends on income 

and household size. The income gap between the rich and the poor in Ghana increased from 0.507 

in 2005/06 to 0.647 in 2012/13. Meanwhile, the percentage change in the unequal distribution of 

income was higher among all male headed households than their female counterparts. It was also 

discovered that not only was the spatial differentials of inter-household income inequality 

between 2005/06 and 2012/13 alarming but also statistically significant. Income inequality 

remains a threat to the developmental strategies in Ghana. Government and policy makers need to 

formulate policies and programs targeted at bridging the income gap between the rich and the 

poor in Ghana. 
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CHAPTER ONE                                                                                                          

INTRODUCTION 

 1.0 Background of study 

 Income inequality has become a hot button issue in the 21
st
 century due to the popularity it has 

gained in the discussion of developmental issues. Income inequality is a broader concept than 

poverty. Unlike poverty, income inequality is defined over an entire population and does not only 

focus on the poor. It solely covers the degree of income disparities of a given population.  

As poverty has become a subject of global interest, greater emphasis has been attached to the role 

of income distribution as well as growth in reducing poverty (Fosu, 2010; Ali & Thorbecke, 2000; 

Ravallion, 2001; Khan, 2009; Naschold, 2002). However, research has shown that regardless of 

the rate of economic growth it is less likely that economic growth can reduce poverty. Moreover, 

there is a growing consensus that extreme inequality in income can stunt growth itself (Birdsall, 

2005).   

Also spatial patterns of income inequality are often of importance in their own right as well as 

relevant to the political economy of policy-making (World Bank, 2006). According to Al-Hassan 

& Diao (2007), regional inequality deserves special attention as Ghana pursues the attainment of 

the Millennium Development Goals (MDGs) which aims at reducing poverty and hunger.  

Following the increased attention income inequality has gained in recent times due to its impact 

on poverty and other economic issues, some studies have been conducted in Ghana to explore the 

relevance of the subject.  
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 The results obtained from the Ghana Living Standards Survey conducted in 1991/1992 and 

1998/1999 indicate a dramatic increase in inter-regional income differences. The Gini coefficient 

(a measure of income inequality) in 1991/1992 was 0.30 whiles that recorded in 1998/1999 was 

0.60 depicting a 100% increase in income inequality (GSS, 2000). In northern Ghana income 

inequality increased by 25% compared to 9.7% in southern Ghana between the years 1991 and 

2006. According to Shepherd, Gyimah-Boadi, Gariba, Plagerson & Musa (2005) the rising 

inequality between the southern and northern sectors of Ghana provides the most obvious example 

of inter-regional income inequality in Ghana. It was also discovered that while inequality exists 

between regions (inter –regional), they are more significant within regions (intra-regional) 

(Aryeetey, Owusu & Menash, 2009). At the district level, within district inequality was higher 

than inequality between districts. More importantly, the district level inequality shows a 

significant effect on poverty but with varying signs depending on the state of economic activity in 

the district (Annim, Mariwah & Sebu, 2012).  

In spite of all these findings income inequality in the country is on the ascendency and poverty 

remains a threat to the developmental initiatives of the country. This study seeks to statistically 

analyze the spatial differentials of income inequality in Ghana with emphasis on the sex of the 

head of household and also presents the use of Bayesian estimation in the calculation of Gini 

coefficient which is a measure of income inequality. 
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1.1 Statement of the problem 

Many researchers have devised and discussed various methods for calculating income inequality   

(Dasgupta, Sen & Star-rett, 1973; Berribi & Sibler , 1985; Chotikapanich & Griffiths, 2000; 

Grifiths, 2008; Atkinson, 1970; Gastwirth, 1972; Mussard, Seyte & Terraza, 2003, Charles-Coll, 

2011 ). However, the Gini coefficient has been recognized as the best single measure of income 

inequality (Morgan, 1962). Although the Gini coefficient can be computed using different 

methods, the most popular measure is derived from the Lorenz curve (De Maio, 2007).  In order 

to obtain estimate of the Gini coefficient many empirical analysis employed the use of probability 

distributions which pertains to only income (Longford, Pittau, Zelli &Massari, 2010; Gastwirth, 

1972; Prisner, 2009; Aaberge, 1993). Meanwhile, the Lorenz curve is represented by a plot of the 

cumulative proportion of income (arranged in an ascending order) against the cumulative 

proportion of household size. In this study, the researcher used information on both income and 

household size in the estimation of the Lorenz curve and consequently the Gini coefficient 

through Bayesian parameter estimation. 

Political analysts, political leaders and developmental organizations are faced with the obligation 

to come out with the next new idea after the Millennium Development Goals has expired in 2015. 

It was realized that the lack of focus on inequality was a key limitation of the MDGs and rightly 

this has become a major priority for the post 2015 agenda. Therefore, income inequality has 

become prominent in developmental issues which include the reduction of poverty. 

 Since 1980’s, the poverty rate has been trending considerably downward in all regions of the 

world except in Sub-Saharan Africa where the first target of the Millennium Development Goal 

seems unlikely to be attained by 2015 (Fosu, 2010). Meanwhile, Hammer & Naschold (2000) 
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asserted that Sub-Saharan Africa and least developed countries will not be able to achieve the first 

Millennium Development Goal through growth alone. 

Ghana, one of the strongest emerging economies in Sub-Saharan Africa has achieved a noticeable 

decline in poverty between the years 1992 and 2006. The proportion of the poor went down from 

0.52 in 1992 to 0.39 in 2006. This decline in poverty resulted in about 1.7 million poor people 

moving out of poverty (GSS, 2007).The economic growth rates in Ghana between 1983 and 2000 

led to an average growth rate of about 4.7%. After attaining an unprecedented high growth rate of 

about 15% in 2011 which was believed to be the fastest growth rate in the world at the time, the 

growth rate in the country has been dwindling consistently between 2011 and 2013. The growth 

rate in 2011 fell from 15% to 8.8% in 2012 and further declined to 7.1% in 2013 (GSS, 2014). 

Consequently, Ghana has not been able to sustain her high growth rate momentum attained in 

2011. However, the expansion in the economy resulted in almost 50 percent reduction in poverty 

in 2006 from 1990 levels.  

Therefore, Ghana stands out to be the first African country among other countries in the world 

that have the largest poverty reduction and most likely to meet the first MDG target of reducing 

poverty by half in 2015 in her continent (Easterling, Fox & Sands, 2008). Meanwhile, the fall in 

poverty has not been accompanied with a decline in income inequality (Coulombe & Wodon, 

2007).  

Ghana would have achieved the target for MDG 1 years earlier if the Gini index had reduced 

considerably. Thus, the persistent increase in income inequality makes poverty reduction difficult. 

And even growth is less effective in reducing poverty in high inequality countries (Mckay, 1997; 

Hammar & Naschold, 2000). This means that what matters for the complete eradication of 
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poverty does not rely solely on the rate of growth but also the distribution of income. Wodon 

(1999) confirmed that changes in income inequality will have large effect on poverty. 

One important factor which influences the extent of income inequality is gender. Although, 

gender inequality is a global issue, it is made worse by income distribution. When women and 

men do not have equal access to the resources of a country or equal opportunities to take part in 

decision-making, there are direct and indirect economic and social consequences.  

 

1.2 Objectives of the Study                                                                                                                                                                                                                                                                                                                                                              

The ultimate goals of the study are to develop an alternative measure of the Gini coefficient 

through the application of Bayesian estimation by using the Lorenz curve and to analyze the 

changes in income inequality in Ghana between 2005/06 and 20012/13 with emphasis on the sex 

of household head. 

The specific objectives are as follows: 

1. To establish the use of Bayesian parameter estimation in the calculation of Gini 

coefficients. 

2. To construct confidence intervals for the population Gini coefficients. 

3. To examine the differences in income inequalities among male headed households and 

also among female headed households between 2005/06 and 2012/13. 

4. To determine the statistical significance of changes in income inequalities among 

heads of households in the various administrative regions, ecological zones and 

rural/urban localities in Ghana between 2005/06 and 2012/13. 
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1.3 Significance of the study 

The main relevance of the study is to improve the targeting mechanism for policy implementation 

towards the alleviation of poverty in Ghana. Since income inequality affects not only poverty and 

financial decisions but all other sectors of the economy, this study will enable the government to 

make better economic decisions and will also inform government on the allocation of resources. 

This will help to resolve the issue of gender based inequalities in income in Ghana. Finally, this 

study seeks to provide a more statistical alternative way of computing Gini coefficient based on 

Bayesian method of estimation.   

 

1.4 The organizational structure 

The thesis is divided into five chapters; the first chapter provides an overview of the research 

topic and comprises: the background to the study; the statement of the problem; the objectives of 

the study and the justification of the study. Chapter two is concerned with the review of literatures 

in relation to the study. Chapter three provides an in-depth explanation of the methods of analysis. 

Chapter four focuses on the analysis of data and the discussion of results or findings. Chapter five 

provides summary of the study, conclusions with regards to the objectives of the study and some 

recommendations. 
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CHAPTER TWO 

 LITERATURE REVIEW 

2.0 Introduction 

The alleviation of poverty has become a priority in most countries since it serves as a benchmark 

for measuring the development of a country. With an increasing focus on addressing poverty 

issues, income inequality has attracted the attention of most researchers. This is because it has 

been realized that income inequality matters when it comes to making progress in poverty 

reduction (Addison & Cornia, 2001). Therefore, understanding the concept of income inequality 

and its measures are very paramount to this study. 

 

2.1 Definition of inequality? 

The word “inequality” triggers different ideas in the mind of a reader or a listener depending on 

his or her training. Inequality can be viewed as a departure from some idea of “equality” (Cowell, 

2009). Inequality can be defined in terms of outcomes, opportunities or processes. For instance 

unequal outcomes in income may result in unequal opportunities in education or access to basic 

services like health. 

It is also relevant to distinguish between vertical and horizontal inequalities. Vertical inequality 

refers to inequalities between individuals and horizontal inequality looks at inequalities between 

groups that may be based on age, gender, regions, ethnicity or religious affiliation. This research 

focuses on horizontal income inequality. 
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2.2 Measures of income inequality 

The measures of inequality can be classified into two categories, namely the positive and 

normative measures. The positive measures of inequality describe the existing pattern of income 

distribution and summarize it into a single statistic while the normative measures explicitly base 

inequality on value judgment (Kanbur, 1984). Positive measures include range, relative mean 

deviation, Gini index etc. Some well-known normative measures are the Dalton measures and the 

Atkinson index. Sen (1973) also explained that many of the positive measures are special cases of 

the normative measures. 

The simplest measure of income inequality sorts the population from the poorest to the richest and 

shows the percentage of income (or expenditure) attributable to each quintile or decile of the 

population. However, the Gini index (or coefficient) is by far the most popular measure for 

operationalizing income inequality. The reason may be attributed to the fact that it is easy to 

calculate and interpret. Hence, this study employs the use of Gini coefficient as a measure of 

income inequality. 

 

2.3 The Gini coefficient 

As discussed above, there are various methods for measuring income inequality. However, the 

most common measure used is the Gini coefficient. The Gini coefficient was developed in 1921 

by an Italian sociologist and statistician, Corrado Gini. This coefficient measures the extent to 

which the income or expenditure among individuals or households within a country or a sub-

population deviates from a perfectly equal distribution. The Gini coefficient assumes values 

between 0 (or 0%) and 1(or 100%) inclusive. While a Gini coefficient of 0 implies perfect 
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equality (which means equal share of income or expenditure), a Gini coefficient of 1 represents a 

state of perfect inequality (which means only one person or household has all the income). Hence, 

the closer a Gini coefficient is to zero the more equal the economy and the farther the Gini 

coefficient from zero the more unequal the economy. 

 

2.4 Properties of the Gini coefficient 

The Gini coefficient satisfies most of the desirable properties of a good measure of income (or 

consumption) inequality. Some of these properties satisfied by the Gini coefficient include: 

 Mean independence: This means that if all income were doubled or change by the same 

proportion, the measure income inequality would not change. 

 Population size independence: All other things being equal, if the population were to 

change, the measure of income inequality would not change. 

 Symmetry: This implies that if there should be a swap in income between two people there 

should be no change in the measure of income inequality. 

 Pigou-Dalton transfer sensitivity: Here, the transfer of income from rich to poor should 

reduce measured income inequality and a transfer from a poor person to a rich person 

should be recorded as a rise in inequality. 

 Decomposability: Under this criterion, income inequality may be broken down into sub 

groups by any dimension such as between-group inequalities and within-group 

inequalities. 

 Statistical testability: One should be able to test the significance of change in the index 

over time. 
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2.5 Measures of Gini coefficient 

Different methods of estimation have been developed to calculate the Gini coefficient or index. A 

more mathematically convenient way of deriving the Gini coefficient developed by Dasgupta et 

al, (1973), is the one that estimates for a population homogeneous on the income values and that 

are indexed in a non-decreasing order, 
1 , 1,2,...,i iy y i n    and the Gini coefficient is given by: 

                

 
1

1

1
1

1 2

n

i

i
n

i

i

n i y

G n
n

y




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   

    
  

  
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


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1

2
1

n

i

i
n

i

i

iy
n

n
n y






 



                                                                                   (2.1)                   

Berrebi & Sibler (1985) showed that the Gini coefficient can be computed as: 

                
1

1n

i

i

n i i
G y

n n

  
   
                                                                                   (2.2) 

where, n  is the sample size and iy  is the proportion of total income earned by the individual or 

household whose income has the thi  rank in the income distribution, assuming that

1 2 ... ...i ny y y y     . 
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Chotikapanich & Griffiths (2000) suggested an alternative estimator of the Gini coefficient which 

is defined as: 

               
1 1

1 1

n n

i i i i

i i

G x y x y 

 

   
    
   
                                                                       (2.3)              

 where, ix  and iy are the cumulative proportion of the population and income respectively. So that 

1nx   and 1ny  . The income variable 
iY  are arranged in an increasing order such that 1 ,i iy y      

1,2,...,i n . 

Another estimator of the Gini coefficient known as the Gini coefficient of mean difference which 

clearly proves that the Gini coefficient is a measure of dispersion is given by: 

                

1

2
1 1

1

2

n n

i j

i j i

y y
n

G




  






   ,  i j                                                             (2.4) 

where,             

                     =  average income 

                      iy = levels of income                                                                                           

1

1 1

n n

i j

i j i

y y


  

  = the sum of the absolute difference of all pairs of incomes.                                

The numerator of the estimator represents the mean absolute difference of all pairs of incomes. 
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2.6 Theoretical framework 

This study can be explained within the framework of Lorenz curve and Gini coefficient. These 

theories play a central role in measuring the extent of income inequality. The Lorenz curve plots 

the cumulative proportion (percentage) of  household income (or expenditure) which is sorted 

from lowest to highest income or expenditure (on the y-axis) against the cumulative proportion (or 

percentage) of  household size (on the x-axis)..  The Lorenz curve can also be derived based on 

the distribution of income. Here, let y  be income and  f y  be the continuous probability 

function of y . Also let  G y  be the probability that a unit (household or individual) selected at 

random will have income less than or equal to y .  

Then 

             
0

y

G y f x dx       (2.5) 

   The average income earned by these units is given by:   

             
0

y

Q y xf x dx         (2.6) 

Now, the proportion of income earned by units whose incomes are less than or equal to y  will be: 

            
 Q y

y


                                                                                                          (2.7) 

where,  is the average income of all the units. 
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A plot of    G y on the x-axis and  y on the y-axis gives the Lorenz curve. 

Generally, the Lorenz curve must satisfy the following conditions (Kakwani & Pondder, 1973): 

1. If  0G   then 0   

2. If 1G   then 1   

3.   < G  

4. The slope of the curve increases monotonically 

The first and second conditions rules out the possibility of a household or unit earning zero or 

negative income. And the third and fourth conditions imply that the Lorenz curve must lie 

below the hypothetical line of equality. 

 

 

Figure 1: The Lorenz curve 
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The Gini coefficient is then computed as the area between the Lorenz curve and the line of 

equality  A , divided by the total area under the line of equality  A B .  

Thus the Gini coefficient is obtained by: 

                 2 0.5 1 2
A

G B B
A B

    


                                                                 (2.8)                                                                      

where, 
1

0
( )B L x dx   and ( )L x is a function that represents the Lorenz curve.     

There are alternative ways of computing the Gini coefficient. However, when the Lorenz curve is 

employed, the most commonly used method is the trapezium rule. Now, let  ,i ix y  be a known 

point on the Lorenz curve then the area under the Lorenz curve  B  can be estimated using 

trapezoids and the Gini coefficient will be given as:  

                    1 1

1

1
n

i i i i

i

G x x y y 



                                                                          (2.9) 

Although the trapezium rule is simple, it is positive bias and consequently leads to a negative bias 

Gini coefficient (Fellman, 2012). Meanwhile, many researchers have proposed different 

parametric models for estimating the Lorenz curve (see Kakwani & Pondder, 1973; Thurow,1970; 

Gaswirth, 1972;  Bartels & van Metelen 1975; Kakwani, 1980). In most approaches a particular 

assumption about the statistical distribution of income is made and the parameters are estimated. 

Abdalla & Hassan (2004) compared the maximum likelihood and the non-linear least squares 

estimation technique and from their findings it was noticed that the non-linear least squares 

provided better and more reliable fit than the maximum likelihood method. 
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In this study, the researcher proposed the Bayesian estimation technique for estimating the Lorenz 

curve after fitting a regression model. 

2.7 The decomposition of income inequality 

Many empirical analysis of income inequality depends on measures of inequality which are 

decomposable (Bourguignon, 1979). The most common decomposable income inequality 

measures used are the generalized entropy measures (which include the Theil’s T & Theil’s L). 

The generalized entropy measures are given by: 

        
  1

1 1
1

1

n
i

i

y
GE

n y




  

  
   

    
    ,   0                                                      (2.10) 

where,  

            = the weight given to the distance between incomes at different levels.  

           n  = the number of individuals or households in the sample.                                     
 

y
y

n

 
 

 
 = the mean income per person or household. 

Unlike the Gini coefficient the generalized entropy measure of income inequality assumes values 

from zero to infinity. When the inequality value is zero, this suggests an equal distribution of 

income and as the value increases, inequality in income distribution also increases. 

The Theil’s T and Theil’s L which are also known as the mean log deviation measure are obtained 

when   is equal to 1 and 0 respectively. The Theil’s L index is calculated as: 
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1

1
(0) ln

n

i i

y
GE

n y

  
   

  
                                                                                    (2.11) 

And the Theil’s T is also given as: 

          
1

1
(1) ln

n
i i

i

y y
GE

n y y

  
   

  
                                                                              (2.12) 

These measures of income inequality allow the decomposition of total inequality into within-

group inequality and between-group inequalities. 

The Theil’s T decomposition of income inequality into between-group and within-group 

inequalities is given as: 

                 

lnk k k
k

k k k

y y y n
T T

y y y n

       
         

       
                                                     (2.13) 

And that for Theil’s L is given by: 

                 

lnk k
k

k k k

n n y
L L

n n y

  
    

   
 

               

                                                  (2.14)          

where, 

          n  = represents the sample size of the entire population. 

          kn  = the sample size of the kth sub-group of the population. 

          ky  = the total income for the  kth  sub-group. 

           
y = the mean income of the entire population. 
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           kT = the value of  1GE for sub-group k. 

           
kL  = the value of  0GE  for the thk sub-group. 

For each of the decompositions above, the first term represents within-group inequality and the 

second term denotes between-group inequality. 

 This decomposition of income inequality helps in identifying the main source of income 

inequality in a given population. Usually, at least three-quarters of inequality in a country is due to 

within-group inequality and the remaining quarter to between-group differences.  

 According to Kim & Jeong (2003), Costa & Michelini has shown that the calibration of 

subpopulations to total inequality is more accurately done with the decomposition of the Gini 

index than the Theil’s index. There has been different approach to the decomposition of the Gini 

index. Griffiths (2008) proved that the traditional decomposition of the Gini index and a new 

approach called the Dagum decomposition have identical component though their interpretation 

differs. 

 

2.8 Empirical results 

By using the Dagum Gini decomposition Ozkoc, Gurler & Ucdoğruk (2011), found that the 

income inequality between gender, years, level of education and occupation in Turkey was 

significant meanwhile there was no significant difference in the levels of affluence between rural 

and urban areas. Lambert & Aronson (1993), throws more light by graphical analysis on the 

residual term that arises if the subgroup income ranges overlap in the decomposition of the Gini 

coefficient into within-groups and between-groups contributions. Senadza (2011) used the Gini 
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decomposition technique to investigate the effect of non-farm income on income inequality in 

rural Ghana. Meanwhile in Namibia, the Theil’s T and Theil’s L measures of entropy were used to 

ascertain the contribution of within-group inequality and between-group inequality to total income 

inequality. In this study within-group inequality was found to be the principal determinant of total 

inequality (EkstrÖm, 1998). In Ghana, the generalized entropy measure of inequality was 

employed by Aryeetey et al (2009) and Annim et al (2012) to determine the within-region and 

between-region as well as within-district and between-district income inequalities. Most of the 

empirical researches reviewed were focused on the decomposition of income inequality into 

within-group and between group income inequalities. This study analyses the spatial differentials 

of income inequality with emphasis on sex of head of household. It also includes the construction 

of confidence intervals for the actual population Gini coefficients. 

 

2.9 Definition of poverty? 

Although poverty is different from inequality, they are related. Inequality focuses on the 

variations in living standards across a whole population. On the other hand, poverty deals with 

only those whose standard of living falls below a particular threshold which is referred as the 

poverty line. This threshold may be fixed in absolute terms (based on an externally determined 

norm, such as calorie requirements) or in relative terms (based on a fraction of the overall 

standard of living). Intuitively, relative poverty is more related to income inequality (Mckay, 

2002).  
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2.10 The relationship between income inequality and poverty 

The relation between income inequality and poverty has won the interest of many researchers in 

recent times (Addison & Cornia, 2001 and Abbas & Assane, 2006). This is because of the 

influence of income inequality in poverty reduction and also income inequality is essential to 

evaluate the benefit of a development strategy (Joshi & Gebremedhin, 2012). The most recent 

data showed that global poverty has been falling even as the world has become more unequal. 

This pattern was reflected in all the regions of the world except in Latin America and the 

Caribbean (LAC) where the reduction in poverty has been accompanied by a decline in income 

inequality. In Brazil, half of the total change in poverty between 2001 and 2009 was accredited to 

the reduction in income inequality. This result is even stronger for the case of extreme poverty 

(Lopez-Calva, 2012). After conducting a study to find out the long run and the short run impact of 

poor governance and income inequality through time series analysis for the year 1984-2008 in 

Pakistan, the results obtained confirmed positive relationship between income inequality and 

poverty both in the short run and long run. However, it was noticed that poor governance could 

have a significant impact on poverty in the long run but not in the short run (Akram, Wajid, 

Mahmood & Sarwar, 2011). In a research   undertaken in India, the total change in poverty was 

decomposed into changes in the rise of mean income level and changes in the distribution of 

income. The results obtained indicated that, an increase in the mean income caused a decline in 

poverty but the effect was not fully realized and this was due to the changes in the distribution of 

income (Dhongde, 2002). This finding was also confirmed by Cheema & Sial (2012). They 

showed that the net growth elasticity of poverty is smaller than that of gross elasticity of poverty 

which suggests that some of the growth effect on poverty has been undermined by the rise in 

inequality. According to Gakuru & Mathenge (2012), in order to effectively address the poverty 
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situation in Kenya, the focus of government, economists and policy makers should not only be on 

growth but more importantly on the reduction of inequality. Poverty in Ethiopia has been a major 

issue of concern however there has not been a noticeable decrease in the levels of poverty. In an 

attempt to investigate the relationship between poverty, inequality and growth in rural Ethiopia, it 

was discovered that the inability of growth to reduce poverty substantially in the past was because 

of the increased inequality in the rural areas (Gelaw, 2009). By using a time series data of Middle 

East and North Africa (MENA), Ncube, Anyanwu & Hausken, (2013), realized that higher levels 

of inequality reduced the potential of growth to reduce poverty. Thus income inequality hinders 

the progress in attaining the prime goal of alleviating poverty and sustaining growth in the MENA 

region. High inequality can have undesirable political and social consequences (Alesina & Perotti, 

1993).  

 

2.11 Factors that influence income inequality 

 Most researchers have unveiled the negative impact of the rise in income inequality on poverty. 

In order to curb the influence of income inequality on poverty it is necessary to evaluate the 

causes of income inequality. 

Charles-Coll (2011), classified the causes of income inequality into two categories, namely 

endogenous and exogenous. The endogenous or individual-specific causes of income inequality 

has to do with the characteristics or circumstances pertaining to an individual that can determine 

the future income as a result of influencing their comparative advantages either in the form of 

higher productivity or by the possession of scarce attributes which makes them comparatively 

more market- valuable and in a broader sense more socially competitive. The most basic group of 
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the endogenous causes of income inequality is the innate abilities of individuals. These may 

include intelligence, personality, charisma and physical attributes such as strength or skills, height 

and so on. A second group of the endogenous causes can be considered as necessary complement 

to the innate abilities. This involves the preferences or choices made by individuals. Most often 

the choices made by individuals irrespective of their inbuilt abilities can determine their level of 

income. Physical difference between individuals such as gender and race were also identified as 

endogenous causes of income inequality. 

As the name suggests the exogenous causes are attributable to external factors that determine 

income levels. Some of the exogenous causes identified by Charles-Coll include land distribution, 

education, erroneous educational policies, labour market (or wage distribution), economic cycles, 

global recessions, globalization and intergenerational inequality.  The land distribution is more 

associated to the rural setting where the possession of more lands means an increase in 

productivity. Education has been one of the major determinants of income level. In a society with 

poor access to education, the few inhabitants who obtain education may be allocated with 

positions that come with very high salaries. Most often, higher levels of education translate into 

higher salaries. This brings disparities in the income levels of individuals, thus influencing income 

inequalities. Erroneous educational policies could affect income inequality especially when 

demand characteristics of the labour market do not correspond to the skills acquired through 

education. Globalization through trade and financial liberalization has been found to be associated 

with income inequality. The global recession experienced at the beginning of 2008 rendered most 

people jobless bringing about differences in income levels. In some cases, income inequality 

occurs because of the influence of the decisions made by parents with regards to the choices they 

made in the past.  
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There are other possible sources of income inequality that have been investigated by         

researchers. In Germany, for instance between 2000 and 2006 it was realized that the unexpected 

increase in income inequality was due to changes in employment outcomes and in market returns 

as well as changes in the tax systems (Biewen & Juhasz, 2010). Unemployment does not only 

increase the risk of poverty but also contributes to inequality (Saunders, 2002).  An increase in the 

student population in Denmark has led most of the youth to settle for low-wage jobs. This and 

other factors such as women engaging in full time jobs and family formulation caused the 

ascendency of income inequality for 30 years (Neamtu & Westergaard-Nielsen, 2013). Bulĭř 

(2001), showed that the level of development, state employment, fiscal redistribution and price 

stability also serve as sources of income inequality. Reduction in inflation contributes immensely 

in lowering income inequality. This is because inflation appears to be one of the strongest factors 

fuelling income inequality especially in Africa (Anyanwu, 2011). Among other explanatory 

factors cyclical and structural changes in the labour market, the increasing relevance of capital 

income as well as the decreasing effectiveness of the public mechanism of income distribution 

improve income inequality (Schmid & Stein, 2013). In a country like Vietnam a substantial 

amount of total inequality was accounted for by spatial inequality, returns on education and the 

prevalence of white collar jobs (Heltberg, 2012). Corruption is another factor that worsens the 

levels of income inequality and also poverty in a country (Gupta, Davoodi & Alonso-Terme, 

1998). The provision of education, health, transportation and financial services and also the 

execution of relevant development programs that will boost the income level of the population 

have been recognized as relevant for the fall in income inequality and the alleviation of poverty 

(Osahon & Osarobo, 2011). In Ghana, both internal and external remittances reduce the levels of 
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the depth and severity of poverty. However, there is a negative relationship between both types of 

remittances and income inequality (Adams, 2008). 

 

2.12 Significance of spatial analysis 

Spatial inequality is the uneven distribution of income and other socio-economic variables across 

different locations and regions (Aryeetey et al 2009). 

Analyzing poverty and income inequality in a spatial context is becoming increasingly essential 

regarding the regional variations in their relationship (Joshi & Gebremedhin, 2012). Addressing 

ethnic and spatial inequalities is critical to poverty reduction for a number of reasons: 

 First, between groups (or horizontal) inequalities make a large component of overall 

inequality within any country. A focus on only vertical inequality may obscure 

important differences among groups. 

 Secondly, regional inequality in large industrializing countries, as well as in most 

developing and transition economies appears on the rise. If ethnic groups are 

geographically clustered industrialization or development may bypass groups that are 

not located in economic dynamic zones, intensifying poverty in the neglected areas. 

 Third, inequalities between ethnic groups can lead to conflict, which is likely to affect 

development. Indeed, most conflicts today tend to have an ethnic dimension and are 

difficult to resolve. 
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 Fourth, horizontal or between-group inequalities are significant because in some 

situations it may not be possible to improve the position of individuals without tackling 

the position of groups. 
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CHAPTER THREE                                                                                                                         

METHODOLOGY 

3.0 Introduction 

This Chapter provides information on the source of data and presents a detailed discussion on the 

methods applied in the analysis of data.  

 

3.1 Source of data 

This study utilizes data extracted from the 2005/2006 and 2012/2013 Ghana Living Standards 

Survey. The Ghana Living Standards Survey (GLSS) is a nation-wide survey conducted by the 

Ghana Statistical Service (GSS). It provides vital information in assessing and monitoring the 

living conditions of households in Ghana. Ghana has conducted 6 rounds of the Living Standards 

Survey since 1987. The second, third, fourth, fifth and sixth rounds were carried out in 1988/1989, 

1991/1992, 1998/1999, 2005/2006 and 2012/2013 respectively. Nationally representative samples 

of 8,687 households in 580 enumeration areas (EAs) as well as 18,000 households in 12,000 EAs 

were covered in GLSS5 and GLSS6 respectively. In both surveys, a two-stage stratified random 

sampling technique was adopted.  At the first stage of sampling the EAs were allocated into the 

ten regions or strata using probability proportional to population size (PPS). This was followed by 

a complete listing of households in the selected EAs. At the second stage, a fixed take of 15 

households were selected from each EA. This resulted in the nationwide sample sizes of 8,687 and 

18,000 in GLSS5 and GLSS6 respectively. A comprehensive questionnaire which entailed key 

indicators such as health, education, demographic, migration, tourism, housing, non-farm 
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enterprises, employment, household income, consumption and expenditure among others was 

used in a face-to-face interview during both surveys. 

 

3.2 Variables 

The variables from GLSS 5 and GLSS 6 used in the analysis were nominal/gross household 

income, household size and sex of household head. The nominal income of the household 

constitutes income from rent, remittances, farm employment, non-farm employment and other 

sources. Household size also refers to the number of members in a household. 

 

3.3 Data organization 

Three spatial areas were considered in the study. These include the ten administrative regions, the 

ecological zones (Coastal, Forest and Savannah) and urban/rural localities. 

The households sampled in these geographical areas were further grouped according to gender of 

household headship. The total sum of incomes earned by these sub-populations as well as the total 

sum of household sizes were calculated and the share (or proportion) of income and household 

size for the various households were also determined. The computed proportions of income for the 

head of households within each sub-population were sorted from the lowest to the highest with 

their corresponding proportion of household sizes. Then, the cumulative proportions of income 

and household size were computed.  For each of the sub-populations, the cumulative proportions 

of income were plotted against the corresponding cumulative household sizes to obtain the Lorenz 

curve. In each instance, a regression model was fitted to the Lorenz curve and the coefficient 
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parameters were estimated through the application of Bayesian methods. Finally, the Gini 

coefficients for the various sub-populations are worked out. A detailed explanation of the 

procedures used in the derivation of the Lorenz curve and the Gini coefficient are discussed 

below. 

 

3.4 Derivation of the Lorenz curve 

Given a sample size of n , let kM  be the income of the thk  household and kN  be the 

corresponding household size, where 1,2,...,k n . Then, the proportion of the different levels of 

income will be given as: 

              

1

k
i n

k

k

M
Z

M





,         1,2,...,i n                                                                          (3.1) 

and the proportion of the household sizes will be: 

                  

1

k
i n

k

k

N
S

N





,        1,2,...,i n                                                                         (3.2) 

Clearly,        
1

1
n

i

i

Z
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      and       
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S

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Now, let 
( )iZ be the thi order statistic of the proportion of income such that: 

(1)Z = the smallest of 
1Z , 2Z , . . . nZ  

(2)Z = the second smallest of 
1Z , 

2Z , . . . 
nZ . 

. 

.  

( )jZ = the thj  smallest of 
1Z , 

2Z , . . . 
nZ  

. 

. 

. 

( )nZ = the largest of 1Z , 2Z , . . . nZ  

So that, 
   (1) 2

...
n

Z Z Z     
 

Let 
 iS  be the corresponding value of 

 iZ  1,2,...,i n , for the thi household  and let iY  and iW  

be defined as follows: 

   
1

i

i j

j

Y Z


  and  
1

i

i j

j

W S


  

Then clearly, 1nY   and  1nW  .                                                                                                                                      

The functional relation between iW  and iY  derived by  i iY L W  is known as the Lorenz curve. 

In this study, the Bayesian estimation method is used to determine the function L  from the data.                                                                                                                                                                                                      
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Let A be the area between the Lorenz curve and the line of equality and let B  be the area below 

the Lorenz curve. Then the Gini coefficient  G  is given as: 

    1 2
A

G B
A B

  


                                                                                                    (3.3)                                              

where,           

  
1

0
( )B L W dw                                                                                                          (3.4)

 

A regression model ( )Y L W  will be fitted to the Lorenz curve and the parameters of the 

regression coefficient will be estimated using the Bayesian method of estimation. 

 

3.5 The regression model 

Because of the curvilinear nature of the Lorenz curve the regression model will take the form: 

               
2 3

1 2 3 ... p

i i i i p i iY W W W W         
                                                         

(3.5)
 

The model does not have an intercept because the regression line will have to go through the 

origin. 
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3.5.1 Assumptions of the regression model 

 The 
iW ’s are fixed (or known). 

  The error term,
i  is random and follows the normal distribution with mean zero and 

variance 2 (a constant).  Thus 
i N (0, 2 ). 

 The
iY ’s are also random through

i  and independent. 

 W and Y are both continuous variables. 

 

3.6 Bayesian estimation 

Bayesian estimation begins with an assumed probability distribution on the parameter space, 

where the parameter(s) is(are) considered to be random. The probability distribution of the 

parameter(s) is(are) then updated based on the sample taken. Suppose the parameter space 

consists of a single parameter, . Then the distribution of the parameter  on   is called the prior 

distribution which reflects the researcher’s belief about  . The conditional probability of the data 

given the prior is called the likelihood. The posterior distribution then becomes the conditional 

distribution of the parameter after the sample data has been observed which integrates the prior 

and the sample information. Suppose, X is a random variable whose distribution depends on the 

parameter  . Then the probability distribution of X is given as  |f x  , let the prior distribution 

be    . The posterior distribution of  is obtained as follows: 

 
 

 

   

 

, |
|

x x

f x f x
f x

f x f x

   
                                                                
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Because  xf x  is independent of   , we can express the posterior distribution as proportional 

   to (Likelihood   prior distribution). 

 That is, 

     | |f x f x                                                                                                   
(3.6)

 

Suppose X is a random vector from the distribution ( | )f x  , then the posterior distribution is 

given as: 

    ( / )f x = 1, 2

1, 2

( ,..., , ) ( )

( ,..., )

n

n

f x x x

f x x x

  

                                                                                      

                  

= 1, 2

1, 2

( ,..., | ) ( )

( ,..., )

n

n

L x x x

f x x x

  
 

                  
1, 2,....,( | ) ( )nL x x x   

                                                                                 (3.7)
 

where, 
1, 2,....,( | )nL x x x   is the joint probability distribution function of X called the likelihood 

function. 

In the Bayesian setting, all the information about  from the observed data and from the prior 

knowledge is contained in the posterior distribution.  Therefore, the posterior distribution provides 

a more reliable estimation of  than the prior. Hence, the Bayesian estimate of a parameter is the 

posterior mean.   This knowledge can also be utilized in determining the Bayesian estimates for 

more than one parameter. 
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Now, from equation (3.5): 

Let, 
1i iW X , 2

2i iW X , 3

3i iW X , .  .  . , p

i piW X  

So that equation (3.5) becomes:                                                                  

                    1 1 2 2 3 3 ...i i i i p pi iY X X X X         
                                                         

 

                         
/

i iX                                                                                         (3.8) 

where,
/

1 2 3( , , ,..., )p      and 
/

1 2 3( , , ,..., )i i i i piX X X X X  

Given the assumptions of the regression model, it follows that the iY ’s are independent with each 

having a normal distribution with mean
/

iX   and variance 2 . So that the conditional distribution 

of the iY ’s given   is: 

    
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(3.9)                                  

The likelihood function is given as: 

     |L Y 
/ 2
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


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

  
  
 

                                                         (3.10)        

Now, assuming the prior distribution of the random vector   is the multivariate normal 

distribution with mean vector   and covariance matrix,  . Thus, ( , )pN    
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 Then   

               
 

1

2
1

2

1 1

2

p
Q

e




    
  

 

                                                                           (3.11)             

where,      
/

1 Q          . Also,

11 1

1

1

p

p pp

a a

a a



 
 

   
 
 

 and 
1 2 3( , , ,..., )p      

So the posterior distribution will be given as: 

         | |f Y L Y       

                        

/ 2
/ 1

2
1

1 1( ) 1 ( ) ( )22 2 2 22(2 ) (2 )

n

i i

i

n pY X

e e
    

 




      
    

                      / 2 / 1

2
1

1 1
exp ( ) ( ) ( )

2

n

i i

i

K Y X    








 
      

 
                (3.12)  

where, K represents all terms that do not involve  .  

Now let  

                           
/ 2

2
1

1
( )

n

i i

i

V Y X
 

   

                               

2

2
1 1

1 pn

i j ji

i j

Y X
  

 
  

 
 

                                                          (3.13)
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Let, 1i  and 1,2,3j   then : 

 

2
3

2

1 1 1 1 11 2 21 3 31

1

j j

j

Y X Y X X X   


 
     

 
  

                             2 2 2

1 1 1 11 1 2 21 1 3 31 1 11 1 2 11 212 2 2 2Y Y X Y X Y X X X X            

                                   2 2 2 2

1 3 11 31 2 21 2 3 21 31 3 312 2X X X X X X          
                      (3.14)

 

From the above equation, equation (3.13) can be summarized as follows:  

                        

2 2 2

2 2 2
1 1 1 1 1

1 1 1
2

p pn n n

i j ji i j ji

i i j i j

V Y X Y X 
      

    
 

 

                            
1

2
1 1

1
2

p pn

j s ji si

i j s j

X X 




  

                              (3.15) 

 Also let: 

              / 1( ) ( )T       
                                                                                   (3.16)

 

 Now, let  

                  
1 2 3( , , )    , 1 2 3( , , )      and   

11 12 13

1

21 22 23

31 32 33

a a a

a a a

a a a



 
 

 
 
 
 
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Then equation (3.16) can be written as: 

 
11 12 13 1 1

1 1 2 2 3 3 21 22 23 2 2

31 32 33 3 3

a a a

a a a

a a a

 

       

 

  
  

   
  
    

 

                       
2

11 1 1 21 2 2 1 1 31 3 3 1 1a a a                  

                                
2

12 1 1 2 2 22 2 2 32 3 3 2 2a a a                  

                               
2

13 1 1 3 3 23 2 2 3 3 33 3 3a a a                
         (3.17)

 

From equation (3.17), T  (equation 3.16) can be generalized as: 

                
1
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1 1
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jj j j js j j s s

j j s j
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  

       
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1 1 1
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a a a     
  

     

                                     (3.18) 
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Now  

       
1

2 2

2 2
1 1 1 1

1 1
2

p p pn n

ji jj j ji si js j s

j i j s j i

V T X a X X a  
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    

   
       

   
     

                    
2

1 1

1
2

p n

ji i j

j i

X Y m R
 

 
   

 
                                                                  (3.19) 

where, 
1

p

jk k

j

m a 


 , j 1,2,3, . . . , p  and R is a constant term independent of 
j .             

Clearly, 

    
1

( )
2|

Q

Y Ke
 

 


                                                                                                                (3.20) 

Hence the posterior distribution follows the multivariate normal distribution. 

Let the matrix defining ( )Q   be 
1





 , where  
  is a p p  matrix with an inverse 

1





  . 

The elements of  
1





  are given as: 

              
2

2
1

1 n

jj ji jj

i

n X a
 

    ,   1,2,...,j p                                                                (3.21) 

              
2

1

1 n

js ji si js

i

n X X a
 

   ,       j s                                                                   (3.22) 

The constant term is a column vector 
/

1 2( , ,..., )pc c c c  of order p with the thj  element given as: 

               
2

1 1

1
2

pn

j i ji jk k

i k

c Y X a 
  

 
   

 
  ,     1,2,...,j p                                            (3.23) 
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The mean vector of the posterior distribution is obtained as: 

            
1

2
C                                                                                                         (3.24)           

Meanwhile the Bayesian estimates of the regression parameters in equation (3.7) are given as: 

               ̂ = 
                                                                                                               (3.25) 

                 

3.7 Estimating   and     of the prior distribution    

The jackknife estimation approach was used to determine the estimates of   and   of the prior 

distribution. The jackknife or “take out one” method of estimation is an iterative process. Here, 

the parameters of interest are estimated using the entire sample then each data point is in turn 

eliminated from the sample to obtain the partial estimates of the parameters. 

  Let    
/

1 2
ˆ ˆ ˆ ˆ, ,..., ; 1,2,...,i i i pi i n      be the thi  jackknife estimate of the regression parameters 

from a given data set which consist of a response variable Y  and predictor variables, 

1 2, ,..., pX X X . Then the estimate of the mean vector   of the random vector 
 
is given as:

/

1 2 3( , , ,..., )p    
  

where 
1

1 ˆ ; 1,2,...,
n

j ji

i

j p
n

 


  ;                                                                                  (3.26) 

and the estimate of the covariance matrix is given as.    
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          
1

1 ˆ ˆˆ ˆ ; 1,2,...,
1

n

js ji j si s

i

a j p
n

   


   

  and 1,2,...,s p .                          (3.27)                                                              

 

3.8 Model estimation 

Supposing the estimated model is obtained as: 

                
2 3

1 2 3
ˆ ˆ ˆ ˆˆ ... p

pY W W W W       
                                                             (3.28)                                                       

 

Then equation (3.4) becomes: 

                
1

2 3

1 2 3
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ˆ ˆ ˆ ˆˆ ... p
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...

2 3 4 1

p
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p

  
 

     
  

                                                                      

                 1 2 3
ˆˆ ˆ ˆ

...
2 3 4 1

p

p

   
     

  

                                                             (3.29) 

So the estimated Gini coefficient from equation (3.3) will be given as: 

              

1 2 3
ˆˆ ˆ ˆ

ˆ 1 2 ...
2 3 4 1

p
G

p

   
      

  

                                                               (3.30) 
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3.9 Model evaluation 

In order to ascertain the goodness of the regression model [equation (3.28)] used in estimating the 

Lorenz curve based on the Bayesian estimation criterion, the R-square (coefficient of 

determination) and the Adjusted R- square will be computed.  R-square is a statistical measure 

that determines the closeness of the data points to the fitted model while adjusted R-square 

penalizes for adding additional explanatory variable. Unlike R-square the adjusted R-square will 

only increase if an additional explanatory variable actually influences the dependent variable. 

Most often the R-square is greater than or equal to the adjusted R-square. With both measures, the 

closer they are to 1 the better the model and in most instances the closer they are to 0 the worse 

the model. Hence, R-square and Adjusted R-square falls between 0 and 1 inclusive. 

The R-square is computed as: 

            
2 1

SSE
R

SST
               

                    

 

 

2

1

2

1

ˆ

1

n

i i

i

n

i i

i

Y Y

Y Y







 






                                                                                        (3.31) 

where, SSE = Error Sum Squares 

            SST = Total Sum Squares 

The adjusted R-square is also given as: 

            
  2

2
1 1

1
1

adj

R n
R

n k

  
   

   

                                                                              (3.32) 

where, n  is the sample size and k is the number of explanatory variables. 
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3.10 Bootstrapping the Gini coefficient 

The bootstrap method proposed by Bradley Efron is also known as resampling with replacement. 

Here the data points from the original data set are randomly selected with replacement to form 

new data sets of the same size as the original. Since each drawing is made from the entire data set, 

a simulated data set is likely to omit some points and have duplicates or triplicates of others. 

Therefore, it is essential to generate a large number of bootstrap samples (1000 or more) in order 

to minimize the variability that may occur given any analysis. 

An estimated Gini coefficient was calculated from each of the bootstrap samples so that the 

standard error of the bootstrap distribution of the estimated Gini coefficients can be calculated 

using the following formula:  

              ˆ

1

ˆ / 1
N

iG
i

SE G G N


                                                                                 (3.33) 

   where, ˆ
iG  = the Gini coefficient from the  thi  bootstrap sample.             

            G = 1

1

ˆ
N

i

i

G N 



 
 
 
  = the mean of the Gini coefficient from the bootstrap samples. 

            N = number of bootstrap samples. 

The confidence interval for the true population Gini coefficient was obtained as: 

             ˆ
2

ˆ
G

G Z SE                                                                                               (3.34) 

Here, the distribution of the sampled estimated Gini coefficients from the bootstrap samples was 

presumed to be standard normal because of the large sample size.  
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3.11 Significance test for differences in Gini coefficient 

To test the significant difference in income inequality between 2005/06 and 2012/13 given the 

various geographical areas with emphasis on gender the following hypotheses were considered. 

Hypotheses: 

H0: There is no significant difference in income inequality between 2005/06 and 2012/13. 

H1: There is a significant difference in income inequality between 2005/06 and 2012/13. 

Meanwhile, the two-way hypothesis test stated above was also applied to examine: 

1. The difference in income inequality between 2005/06 and 2012/13 by regions, ecological 

zones and (urban/rural) localities with emphasis on the sex of head of household. 

2. The significance of the change in income inequality between male headed household and 

also between female headed households in the entire country between 2005/06 and 

2012/13 

The null hypothesis (H0) was rejected at the α-level of significance if the confidence interval for 

the actual sub-population Gini coefficient in 2005/06 does not overlap with that in 2012/13. 

Otherwise we failed to reject H0 and conclude that there is no significant change in income 

inequality. 
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CHAPTER 4 

 ANALYSIS OF DATA AND DISCUSSION OF RESULTS 

4.0 Introduction 

This chapter deals with the analysis of data and presents a discussion on the results obtained. The 

chapter also provides descriptive analysis of the data used as well as the data processing tools 

employed.  

 

4.1 Data processing 

The statistical software that assisted in the analysis of data include R-Studio, SPSS, and MS 

Excel. The R-studio was used to write programs that derived the Gini coefficients. It was also 

used to obtain bootstrap samples for constructing confidence intervals for the true population Gini 

coefficients. The other softwares were used in performing other statistical tasks including the 

graphical presentation and tabulation of results. 

 

4.2 Descriptive analysis of data 

This section focuses on the sample sizes used in the analysis of data for the various sub-

populations considered in the study. It also provides some descriptive statistics on household sizes 

and incomes of household heads from GLSS 5 and GLSS 6.  
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4.2.1 Sample sizes 

The sample sizes used for the analysis from GLSS 5 and GLSS 6 were 8,375 and 16,551 

correspondingly. This was as a result of cleaning the data by excluding household heads with 

either negative or no income. 

Among the ten administrative regions in Ghana, the Ashanti region had the largest share of the 

sample size in both surveys while the Upper East region recorded the lowest share also in both 

surveys. The samples from the forest zone as well as the rural localities also had the highest count 

of interviewees in the two surveys. The proportion of male headed households in the entire sample 

was almost the same in both surveys (GLSS 5=71.83%, GLSS 6= 71.80%) and was more than 

twice the proportion of the female household heads. This proves that most of the households in 

Ghana are headed by males (See Appendix 1).  

 

4.2.2 Descriptive statistics of income and household size 

The two main variables considered in the analysis of data were income of household head and 

household size. This sub-section provides a discussion on some salient summary statistics on 

income of household head and household size from GLSS 5 and GLSS 6. 
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4.2.2.1 Income 

Table 1: Summary statistic of  household income 

Statistic 

GLSS 5 GLSS 6 

Sex of household 

head 

 

Sex of household 

 head 

 Male Female All Male Female All 

Mean 1369.33 913.69 1240.99 16594.51 10188.57 14788.18 

Error margin of mean 58.34 67.78 46.25 924.00 829.17 704.78 

Maximum 52711.61 27328.96 52711.6 2184471 984446.69 2184469.3 

Minimum 1.48 4.36 1.48 4.00 2.00 2.00 

Standard deviation 2308.15 1678.87 2159.27 51388.44 28893.49 46257.61 

Standard error 29.76 34.57 23.59 471.39 422.94 359.56 

Source: Author's computation from GLSS 5 and GLSS 6 

(Note: All income in GH¢. Also, 95% confidence interval  for population mean = Mean   Error 

margin of mean) 

 

 From Table 1, it was realized that the average income earned by all male headed households in 

Ghana was significantly higher than that of the female headed households in both 2005/06 and 

2012/13. This could mean that the male headed households in Ghana engage in higher paid jobs 

than their female counterparts.  Also, the average income among the male headed household and 

the female headed household increased significantly between 2005/06 and 2012/13. 

The maximum income earned by the male headed households was greater than that of the female 

headed households in both 2005/06 and 2012/13. Although, the minimum income earned by the 

female headed households was higher than that recorded among the male headed households in 

2005/06, the female headed households had a lower minimum income in 2012/13.  

It can be deduced from Table 1 that the income recorded for the male headed households during 

both GLSS 5 and GLSS 6 were more variable than that of the female headed households. It was 

also realized that the standard error for the average income earned by the male headed households 

University of Ghana                              http://ugspace.ug.edu.gh



45 
 

was higher than that of the female headed households. This means that the precision associated 

with the estimated average income with respect to the true average income was higher among the 

female headed households than their male counterparts.   

 

4.2.2.2 Household size 

Table 2: Summary statistic of household size 

Statistic 

GLSS 5 GLSS 6 

Sex of household 

head 

 

Sex of household 

head 

 Male Female All Male Female All 

Mean 5 4 5 5 4 5 

Error margin of mean 0.08 0.08 0.06 0.05 0.06 0.04 

Maximum 29 14 29 29 20 29 

Minimum 1 1 1 1 1 1 

Standard deviation 3.00 2.03 2.83 2.94 2.07 2.79 

Standard error 0.04 0.04 0.03 0.03 0.03 0.02 

Source: Author's computation from GLSS 5 and GLSS 6 

(Note: 95% confidence interval  for population mean = Mean   Error margin of mean) 

 

From Table 2, the average household size for all male headed households was bigger than that of 

the female headed households during GLSS 5 and GLSS 6. 

The maximum household size recorded for the male headed households was higher than their 

female counterparts during both surveys. The minimum household size for male and female 

headed households remained the same for both surveys.  

Also, the data analyzed from both GLSS 5 and GLSS 6 showed that the variability in household 

size among the male headed households in Ghana was higher than that of the female headed 

households. The standard errors associated with estimated average household size was minimal 
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for both male and female headed households during GLSS 5 and GLSS 6 indicating that the 

estimated average household sizes were good representatives of the true average household sizes.  

 

4.3 Estimation of Gini coefficient 

This section provides detailed results on how the Gini coefficient and confidence interval for the 

population Gini coefficient for female headed households in the Central region were obtained 

from GLSS 6 based on the methodology explained in the previous chapter. 

 

4.3.1 The Prior distribution 

From equations (3.26) and (3.27), the jackknife estimates of  and    were obtained as:  

             

0.2480467

ˆ 1.008396

1.558266



 
 

 
 
 
 

     

and          

The inverse of the covariance matrix, 1ˆ   was also obtained as: 

            
1

555859545 357005940 248118830

ˆ 357005940 246204129 178295357

248118830 178295357 132070580



 
 

 
 
 
 

   

 

6.9234 07 2.7724 06 2.4421 06

ˆ 2.7724 06 1.1283 05 1.0024 05

2.4421 06 1.0024 05 8.9524 06

E E E

E E E

E E E

    
 

      
 
     
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4.3.2 The Posterior distribution 

From equations (3.21) and (3.22) the covariance matrix defining  Q   of the posterior 

distribution was given as: 

            

1

556316725 357340285 248381656

ˆ 357340285 246466956 178511507

248381656 178511507 132253938





 
 

 
 
 
 

 

The inverse of the covariance matrix above was obtained as: 

              

6.8139 07 2.7267 06 2.4007 06

ˆ 2.7267 06 1.1092 05 9.8513 06

2.4007 06 9.8513 06 8.7958 06

E E E

E E E

E E E



    
 

      
 
     

 

Now the result obtained for the constant term defining  Q  of the posterior distribution from 

equation (3.23) was: 

               Ĉ  

164696877

2 118269319

87686861

 
 

 
 
 
 

 

The mean vector of the posterior distribution from equation (3.24) was obtained as: 

              ˆ
  

0.2480468

1.0083958

1.5582662

 
 

 
 
 
 
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Since, ̂ = 
  the Bayesian parameter estimates of the regression model in equation (3.25) were 

also obtained as: 

            
̂  

0.2480468

1.0083958

1.5582662

 
 

 
 
 
 

 

Hence the estimated Bayesian regression model which was used to represent the Lorenz curve 

from equation (3.23) can be written as: 

                  
 

2 3ˆ 0.2480 1.0084 1.5583Y W W W     

This procedure was used to determine the estimated regression model for the other sub-

populations covered in the study. 

 

 

      Figure 2: Graphical representation of the fitted Lorenz curve 
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The adjusted R-square for the fitted model was 0.99 which means that about 99% of the variation 

in the cumulative proportion of income has been explained by the model. This also means that the 

Bayesian estimation used provided good estimates of the regression parameters. The adjusted R-

squares obtained for the other sub-population were all close to 1. Hence, with the various sub-

populations the regression model fitted to the Lorenz curve was of the third order. (See Appendix 

3). 

After obtaining an estimate of the fitted model, the area under the Lorenz curve from equation 

(3.24) was obtained as:  

           ˆ 0.1774B   

Finally, the estimated Gini coefficient for female headed households in the Central region was 

obtained as: 

          ˆ 0.64512 0.645G    

The histogram and quantile plot for the Gini coefficients estimated from the 1000 bootstrap 

samples from Figure 3 provides a strong indication that the distribution of the sampled Gini 

coefficient from the bootstrap samples followed the Standard normal distribution. 
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Figure 3: Graphical plot of Gini coefficient from bootstrap sample 

Thus from the 1000 bootstrap samples the 95% confidence interval for the true population Gini 

coefficient was (0.641, 0.649). Hence, we are 95% confident that the true population Gini 

coefficient for female headed households in the Central region during GLSS 6 was between 0.641 

and 0.649 given the sampled data.  

The computed Standard error for the estimated Gini coefficients obtained from the bootstrap 

samples of the various sub-populations was low. This resulted in very narrow confidence 

intervals. This proved that the estimated Gini coefficients were good estimates of the population 

Gini coefficients. 
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4.4 Income inequality in Ghana during 2005/06 

This section presents findings on the distribution of income in Ghana during 2005/06 by regions, 

ecological zones and urban/rural localities with emphasis on the sex of household headship.  

 

4.4.1 Regions 

Table 3: Gini coefficient by regions in 2005/06 

Region 
Male headed household Female headed household All heads of household 

Gini     Error margin Gini Error margin
 

Gini Error margin 

Western 0.378 0.0024 0.487 0.0047 0.402 0.0020 

Central 0.465 0.0041 0.555 0.0096 0.498 0.0037 

Greater Accra 0.460 0.0031 0.518 0.0047 0.477 0.0026 

Volta 0.427 0.0027 0.428 0.0037 0.427 0.0020 

Eastern 0.448 0.0033 0.448 0.0029 0.450 0.0024 

Ashanti 0.454 0.0022 0.487 0.0031 0.463 0.0018 

Brong Ahafo 0.531 0.0043 0.465 0.0061 0.520 0.0031 

Northern 0.529 0.0031 0.464 0.0102 0.523 0.0027 

Upper East 0.546 0.0047 0.545 0.0153 0.546 0.0043 

Upper West 0.492 0.0041 0.526 0.0153 0.491 0.0039 

Source: Author's computation from GLSS 5  

(Note: Confidence interval= Gini  Error margin) 

 

The results obtained from Table 3 showed that among the male headed household from the 

administrative regions of Ghana, the Western region recorded the lowest share of income 

inequality. The region with the most unequal distribution of income was the Upper East region 

(Gini=0.546). This was also reflected among the households headed by men in the region. Among 

the female headed households within the various regions, it was found that most of the income 

generated in the Central region was shared by fewer households (Gini=0.555) compared to the 

rest.  The extent of income inequality among households headed by women was the same in the 
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Western and Ashanti regions during GLSS 5. The region with the lowest income inequality across 

the administrative regions and among the female headed households (Gini=0.428) was the Volta 

region. Most of the regions in the Northern regions of Ghana had higher levels of inter-household 

income inequality and could explain why poverty rate in these regions is most glaring. 

Also, the inequality in income recorded for female headed households in the Western, Central, 

Greater Accra, Ashanti and Upper West regions were significantly higher than that of their male 

counterparts. Although, the unequal distribution of income for the female headed households was 

higher than the male headed households in the Volta and Upper East regions, it was not 

statistically significant. The income inequalities for female headed households in the Brong Ahafo 

and Northern regions were significantly lower compared to that of the male headed households. 

 

4.4.2 Ecological zones 

Table 4: Gini coefficient by ecological zones in 2005/06 

Ecological zone 
Male headed household Female headed household All heads of household 

Gini Error margin Gini        Error margin Gini Error margin 

Coastal 0.469 0.0022 0.535 0.0035 0.491 0.0018 

Forest 0.438 0.0014 0.470 0.0020 0.447 0.0010 

Savannah 0.553 0.0018 0.507 0.0033 0.545 0.0016 

Source: Author's computation from GLSS 5. 

(Note: Confidence interval= Gini  Error margin) 

 

It was revealed from Table 4 that the percentage of the unequal distribution of income among 

female headed households was more than 50% except in the forest zone. On the other hand 

inequality in income recorded among the male headed households in the various ecological zones 

was less than 50% except in the savannah zone. In all, the results obtained from the analysis 
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showed that the share of income in the savannah zone of Ghana had the highest share of income 

inequality. 

The male headed households in the Coastal and Forest zones had income inequality significantly 

lower than the female headed households while the income inequality for the male headed 

households was significantly higher than their female counterparts in the Savannah zone. 

 

4.4.3 Urban/ Rural localities 

Table 5: Gini coefficient by localities in 2005/06 

Locality 
Male headed household Female headed household All heads of household 

Gini Error margin Gini Error margin Gini Error margin 

Rural 0.511 0.0010 0.488 0.0018 0.503 0.0010 

Urban 0.457 0.0018 0.504 0.0022 0.472 0.0014 

Source: Author's computation from GLSS 5  

  (Note: Confidence interval= Gini  Error margin) 

Table 5 showed that the disparity in the distribution of income among male household heads was 

more in the rural localities than in the urban localities. Meanwhile, the income gap among female 

headed households was bigger in the urban localities than in the rural localities. It was deduced 

from the information retrieved from the analysis that, the distribution of income was highly 

unequal among households in the rural localities than households in the urban localities. 

In the rural localities, income inequality among the male headed households was significantly 

higher than that of the female headed households. In the urban communities, income inequality 

was rather significantly higher among the female headed households than the male headed 

households. 
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4.5 Income inequality in Ghana during 2012/13 

This section also presents results from the analysis of data on income inequality in Ghana during 

2012/13 for the various geographical areas with emphasis on the sex of heads of households.  

 

4.5.1 Regions 

Table 6: Gini coefficient by regions in 2012/13 

Region 
Male headed household Female headed household All heads of household 

Gini Error margin Gini Error margin Gini       Error margin 

Western 0.550 0.0026 0.584 0.0043 0.558 0.0022 

Central 0.676 0.0049 0.645 0.0043 0.669 0.0033 

Greater Accra 0.552 0.0029 0.619 0.0047 0.570 0.0024 

Volta 0.613 0.0041 0.591 0.0051 0.611 0.0029 

Eastern 0.521 0.0027 0.557 0.0047 0.532 0.0022 

Ashanti 0.675 0.0041 0.642 0.0055 0.668 0.0031 

Brong Ahafo 0.627 0.0041 0.664 0.0069 0.639 0.0033 

Northern 0.620 0.0029 0.636 0.0065 0.620 0.0027 

Upper East 0.701 0.0031 0.608 0.0080 0.689 0.0026 

Upper West 0.689 0.0051 0.635 0.0090 0.686 0.0047 

Source: Author's computation from GLSS 6 

(Note: Confidence interval= Gini  Error margin) 

 

The data analyzed from GLSS 6 showed that among the male headed households in the various 

regions of Ghana, those in the Upper East region had the highest proportion of income inequality. 

Interestingly, the Eastern region had the lowest uneven share of income among both male and 

female household heads. The variation in income among the female headed households in the 

Brong Ahafo region (Gini=0.664) was wider than those in the other regions. It was also 

discovered from Table 7 that the rates of income inequalities in the Eastern, Greater Accra and 
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Western region were below 60% but not lower than 50%.  Just like the results obtained in GLSS 

5, inequity in inter-household income inequality in Northern Ghana was quite higher than those 

recorded in the Southern part of the country. 

It was also noted that income inequalities in the Western, Greater Accra, Eastern, Brong Ahafo 

and Northern regions were significantly higher among households headed by females than males. 

However, in the other regions income inequalities were significantly higher among male headed 

households than households headed by females.  

 

4.5.2 Ecological zones 

Table 7: Gini coefficient by ecological zones in 2012/13 

Ecological zone 
Male headed household Female headed household All heads of household 

Gini Error margin Gini Error margin Gini Error margin 

Coastal 0.602 0.0024 0.629 0.0027 0.612 0.0018 

Forest 0.619 0.0016 0.617 0.0024 0.620 0.0014 

Savannah 0.664 0.0020 0.680 0.0039 0.666 0.0016 

Source: Author's computation from GLSS 6 

(Note: Confidence interval= Gini  Error margin) 

From Table 7, it was noticed that very few people in the Savannah zone of Ghana have access to 

the income generated in the zone. This was because higher inequality in income was recorded 

among both male and female heads of households in the zone. The lowest proportions of income 

inequality among the female and male headed households across the ecological zones of Ghana 

were recorded in the forest and coastal zones respectively. 

Inequality in income among male headed households in the Forest zone was higher than that 

among female headed households but not significant. Income inequalities among the female 
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headed households in the Coastal and Savannah zones were significantly higher than households 

headed by men. 

 

4.5.3 Urban/ Rural localities 

Table 8: Gini coefficient by localities in 2012/13 

Locality 
Male headed household Female headed household All heads of household 

Gini Error margin Gini         Error margin Gini Error margin 

Rural 0.601 0.0012 0.589 0.0022 0.598 0.0012 

Urban 0.640 0.0020 0.645 0.0022 0.644 0.0016 

Source: Author's computation from GLSS 6 

(Note: Confidence interval= Gini  Error margin) 

From Table 8, it was noticed that the male headed households in the urban localities recorded 

higher income inequalities than their female counterparts in the rural localities. On the other hand 

the distribution of income across households with women as heads was more unequal in the urban 

than in the rural. 

It was also unveiled from the analyses of data that the unequal distribution of income among the 

male headed households in the rural localities was significantly higher than that of the female 

headed households. However, inequality in income in the urban localities was significantly higher 

than that of their male counterparts. 
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4.6 Summary statistic of income inequality for 2005/06 and 2012/13 in Ghana  

Table 9: Gini coefficient in 2005/06 and 2012/13 in Ghana 

Survey 
Male headed household Female headed household All heads of household 

Gini Error margin   Gini Error margin    Gini  Error margin 

GLSS 5 0.509 0.0008 0.511 0.0014 0.507 0.0008 

GLSS 6 0.649 0.0012 0.645 0.0016 0.647 0.0010 

Source: Author's computation from GLSS 5 and GLSS 6 

(Note: Confidence interval= Gini  Error margin) 

Table 9 presents a summary of the income inequality observed in Ghana from GLSS5 and GLSS 

6 based on all male and female headed households in Ghana. Consequently, it was noticed that the 

rate of income inequality among female headed households in the entire country was significantly 

higher than that of the male headed households in 2005/06. In 2012/13, the extent of income 

inequality among all female headed households in Ghana was significantly lower than their male 

counterparts.             
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4.7 Spatial differentials of income inequality 

This section entails discussions on the spatial differentials of income inequality among heads of 

household in the geographical areas covered in the study between 2005/06 and 2012/13 with 

much emphasis on the sex of household heads. 

Table 10: Spatial differentials of income inequality for male headed      

      household   

Geographical area 

Male headed household 
% 

change 

in Gini 

GLSS 5 GLSS 6 

Gini 95% CI Gini 95% CI 

Region 

Western 0.378 (0.376, 0.380) 0.550 (0.547, 0.553) 46% 

Central 0.465 (0.461, 0.469) 0.676 (0.671, 0.681) 45% 

Greater Accra 0.460 (0.457, 0.463) 0.552 (0.549, 0.555) 20% 

Volta 0.427 (0.424, 0.430) 0.613 (0.609, 0.617) 44% 

Eastern 0.448 (0.445, 0.451) 0.521 (0.518, 0.524) 16% 

Ashanti 0.454 (0.452, 0.456) 0.675 (0.671, 0.679) 49% 

Brong Ahafo 0.531 (0.527, 0.535) 0.627 (0.623, 0.631) 18% 

Northern 0.529 (0.526, 0.532) 0.620 (0.617, 0.623) 17% 

Upper East 0.546 (0.541, 0.551) 0.701 (0.698, 0.704) 28% 

Upper West 0.492 (0.488, 0.496) 0.689 (0.684, 0.694) 40% 

Ecological 

zone 

Coastal 0.469 (0.467, 0.471) 0.602 (0.600, 0.604) 28% 

Forest 0.438 (0.437, 0.439) 0.619 (0.617, 0.621) 41% 

Savannah 0.553 (0.551, 0.555) 0.664 (0.662, 0.666) 20% 

Locality 
Rural 0.511 (0.510, 0.512) 0.601 (0.600, 0.602) 18% 

Urban 0.457 (0.455, 0.459) 0.640 (0.638, 0.642) 40% 

Source: Author's computation from GLSS 5 and GLSS 6 

 

 From Table 10, it was realized that between 2005/06 and 2012/13 income inequality among male 

household heads in the Ashanti region increased tremendously by almost 50% which was the 

highest across all the regions. The region with the lowest increase in income inequality among the 

male headed households was Eastern region. In all the regions, income inequality increased 

significantly among the male headed households in Ghana. 
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Income inequality also increased significantly among the male headed households in the various 

ecological zones. However, the percentage increase in income inequality among male headed 

households in the forest zone was almost twice of that recorded in the coastal and savannah zones. 

Although the increase in income inequality was statistically significant among male headed 

households in the rural and urban localities, the percentage increase in income inequality among 

the male headed households was higher in the urban locality than in the rural locality. 

Table 11: Spatial differentials of income inequality for female headed     

      households   

Geographical areas 

Female headed household 
% 

change 

in Gini 

GLSS 5 GLSS 6 

Gini 95% CI Gini 95% CI 

Region 

Western 0.487 (0.482, 0.492) 0.584 (0.580, 0.588) 20% 

Central 0.555 (0.545, 0.565) 0.645 (0.641, 0.649)  16% 

Greater Accra 0.518 (0.513, 0.523) 0.619 (0.614, 0.624) 19% 

Volta 0.428 (0.424, 0.432) 0.591 (0.586, 0.596) 38% 

Eastern 0.448 (0.445, 0.451) 0.557 (0.552, 0.562) 24% 

Ashanti 0.487 (0.484, 0.490) 0.642 (0.637, 0.647) 32% 

Brong Ahafo 0.465 (0.459, 0.471) 0.664 (0.657, 0.671) 43% 

Northern 0.464 (0.454, 0.474) 0.636 (0.630, 0.642) 37% 

Upper East 0.545 (0.530, 0.560) 0.608 (0.600, 0.616) 12% 

Upper West 0.526 (0.511, 0.541) 0.635 (0.626, 0.644) 21% 

Ecological 

zone 

Coastal 0.535 (0.531, 0.539) 0.629 (0.626, 0.632) 18% 

Forest 0.470 (0.468, 0.472) 0.617 (0.615, 0.619) 31% 

Savannah 0.507 (0.504, 0.510) 0.680 (0.676, 0.684) 34% 

Locality 
Rural 0.488 (0.486, 0.490) 0.589 (0.587, 0.591) 21% 

Urban 0.504 (0.502, 0.506) 0.645 (0.643, 0.647) 28% 

Source: Author's computation from GLSS 5 and GLSS 6 

 

 The results of analysis recorded in Table 11 shows that households headed by women in the 

Brong Ahafo region had the largest rise in income inequality which was a little above 40%. The 

percentage increase in income inequality among female household heads in the Volta and 

Northern regions was close to 40%. The female headed households in the Upper East region had 
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the least percentage increase (12%) in income inequality among the ten regions. It can also be 

deduced from Table 11 that income inequality increased significantly among the female headed 

households between 2005/06 and 2012/13 in Ghana.                      

The female headed households with the smallest percentage increase in income inequality were in 

the coastal zone. Interestingly, the other two ecological zones had the same proportional increase 

in income inequality. The difference in income inequality among the female headed households in 

all the ecological zones was statistically significant. 

Just as among the male headed household, income inequality was higher among female headed 

households in the urban locality than in the rural locality. However, the change in income 

inequality for the female headed households in both localities was significant. 

Table 12: Spatial differentials of income inequality for all heads    

 household   

Geographical area 

All heads of household 
% 

change 

in Gini 

GLSS 5 GLSS 6 

Gini 95% CI Gini 95% CI 

Region 

Western 0.402 (0.400, 0.404) 0.558 (0.556, 0.560) 39% 

Central 0.498 (0.494, 0.502) 0.669 (0.666, 0.672) 34% 

Greater Accra 0.477 (0.474, 0.480) 0.570 (0.568, 0.572) 19% 

Volta 0.427 (0.425, 0.429) 0.611 (0.608, 0.614) 43% 

Eastern 0.450 (0.448, 0.452) 0.532 (0.530, 0.534) 18% 

Ashanti 0.463 (0.461, 0.465) 0.668 (0.665, 0.671) 44% 

Brong Ahafo 0.520 (0.517, 0.523) 0.639 (0.636, 0.642) 23% 

Northern 0.523 (0.520, 0.526) 0.620 (0.617, 0.623) 19% 

Upper East 0.546 (0.542, 0.550) 0.689 (0.686, 0.692) 26% 

Upper West 0.491 (0.487, 0.495) 0.686 (0.681, 0.691) 40% 

Ecological 

zone 

Coastal 0.491 (0.489, 0.493) 0.612 (0.610, 0.614) 25% 

Forest 0.447 (0.446, 0.448) 0.620 (0.619, 0.621) 39% 

Savannah 0.545 (0.543, 0.547) 0.666 (0.664, 0.668) 22% 

Locality 
Rural 0.503 (0.502, 0.504) 0.598 (0.597, 0.599) 19% 

Urban 0.472 (0.471, 0.473) 0.644 (0.642, 0.646) 36% 

Source: Author's computation from GLSS 5 and GLSS 6 
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From Table 12, it was noticed that the regions with more than 40% increase in income inequality 

were the Ashanti and Volta regions. The Greater Accra and the Northern regions of Ghana had the 

same percentage increase (19%) in income inequality. The region with the smallest percentage 

increase (18%) in income inequality was the Eastern region. From Table 12, it was also realized 

that income inequality increased significantly in all the regions for all heads of household in 

Ghana between 2005/06 and 2012/13. 

The proportional change in the inter-household income inequality between 2005/06 and 2012/13 

was more pronounced in the forest zone of Ghana than in the coastal and savannah zones. The 

increase in income inequality in all the zones for all heads of household was significant. 

From Table 10 and Table 11 it was noticed that the percentage increase in income inequality was 

higher among both male and female headed households in the urban locality than in the rural 

locality. This led to a higher proportional change in income inequality in the urban localities than 

in the rural localities for all heads of household. Irrespective of the difference in the percentage 

increase of income inequality in the various localities, income inequality increased significantly in 

both localities. 

Table 13: Summary statistic of the spatial differentials of income 

inequality in Ghana   

Sex of head of 

household 

GLSS 5 GLSS 6 % 

change 

in Gini Gini 95% CI Gini 95% CI 

Male  0.509 (0.508, 0.510) 0.649 (0.648, 0.650) 28% 

Female 0.511 (0.510, 0.512) 0.645 (0.643, 0.647) 26% 

All  0.507 (0.506, 0.508) 0.647 (0.646, 0.648) 28% 

Source: Author's computation from GLSS 5 and GLSS 6 
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The results obtained from Table 13 shows that although income inequality increased more among 

male headed households than female headed households, the proportional change at each instance 

was statistically significant. It is therefore an indisputable fact that income inequality in Ghana is 

on the ascendency and remains a threat to national development. 
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CHAPTER 5                                                                                                                                        

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

5.0 Introduction 

This chapter entails the summary of the objectives of the study and the methodology adopted in 

analyzing the data. It also presents conclusions drawn from the analysis of data and finally 

provides some recommendations. 

 

5.1 Summary 

The study focused on introducing a new method for computing Gini coefficient based on 

Bayesian estimation. It also analyzed the spatial differentials of household income inequality in 

Ghana between 2005/06 and 2012/13. The three spatial areas considered constitute the 10 

administrative regions, the ecological zones and urban/rural localities. The household within these 

geographical areas were then grouped by gender of household headship.  

Although, there are various methods for measuring the degree of income inequality, the Gini 

coefficient was adopted due to its popularity and simplicity. Meanwhile, the computation of the 

Gini coefficient also takes different forms. The study employs the use of Lorenz curve in 

determining the extent of income disparities among households in the various spatial areas 

considered.  

The Bayesian estimation procedure was used to estimate the parameters of the regression model 

fitted to the Lorenz curve. A polynomial regression model of the third order without an intercept 

was found to best fit the Lorenz curve. 
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The bootstrap method was then employed to obtain the standard error of the original estimated 

Gini coefficients from the sample of Gini coefficients calculated from the bootstrap samples.  

These standard errors obtained for the different sub-populations were used in constructing a 95% 

confidence interval for their true population Gini coefficients. 

The researcher was also interested in determining the statistical significance of the change in the 

Gini coefficients computed for the various group of households between 2005/06 and 2012/13. 

With this an overlap of the confidence intervals for the Gini coefficients in the different time 

periods imply that there has not been a significant change and the absence of an overlap indicated 

a significant change. 

 

5.2 Conclusion 

The findings from the study showed that the application of Bayesian estimation provided good 

estimates of the regression model fitted to the Lorenz curve. This was because the values obtained 

for R-square and adjusted R-square were above 90% for each sub-population considered. 

The confidence intervals for the true population Gini coefficients derived for the various sub-

populations were very narrow. This led to the conclusion that the estimated Gini coefficients for 

the different sub-population have very high precision. 

A comparative analysis of the Gini coefficient revealed that the inter-household income inequality 

rose across all the spatial areas considered between 2005/06 and 2012/13. It was realized that the 

increase in unequal distribution of income among male headed households in the various 

administrative regions was considerably higher in the Western (46%), Central (45%), Volta 
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(44%), Ashanti (49%) and the Upper West (40%) regions of Ghana. The income gap among 

female headed household also worsened between 2005/06 and 2012/13 especially in the Brong 

Ahafo (43%), Volta (38%), Northern (37%) and the Ashanti (32%) regions of the country. 

The income gap between the poor and the rich among the male headed households in the forest 

zone increased massively to about 41%. This kind tremendous increase was also noticed among 

female headed households in the savannah zone (34%). 

The change in rural income inequality was observed to be positively higher among both male 

(40%) and female (28%) headed households between the two time periods considered in the study 

compared to their counterparts in the urban localities. Hence, income inequality in the urban 

localities has become a menace. 

It was quite interesting to discover that the ascendency in income inequality was more obvious 

among male headed households than female headed households in Ghana. It was discovered that 

not only was the spatial differentials of income inequality alarming but also statistically 

significant. 

Meanwhile, there is a growing awareness that the continuous rise in income inequality stands in 

opposition to the development strategies of a country. The conclusions derived from the study 

point to an irrefutable fact that income inequality in Ghana is a “huge problem”. Government and 

policy makers are therefore charged with the responsibility of devising appropriate and feasible 

policies that will combat and eliminate the negative influence of income inequality. 
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5.3 Recommendation 

The Bayesian estimation procedure employed in the study provided good estimates for the Lorenz 

curves with reference to the observed coefficients of determination. The confidence interval 

constructed for the true population Gini coefficient for the various sub-populations were narrow 

indicating that the estimated Gini coefficients are more precise. Unlike other parametric models 

that make use of the distribution of income in fitting the Lorenz curve, the regression model used 

in fitting the Lorenz curve relied on information on both household size and income. It is therefore 

recommended to researchers and policy makers to make use of the proposed method when 

measuring income inequality based on the Lorenz curve. It is also easier to construct confidence 

interval for the population Gini coefficient for grouped data when using the proposed method than 

other methods that depend on the distribution of income. 
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Appendix 1 

Table 1A and 2B provides information on the sample sizes for the various sub-populations for 

GLSS 5 and GLSS 6. 

Table 1A: Sample composition for heads household from GLSS 5 

Geographical areas 

Sex- Head of household 

  Male Female Total 

n % n % n % 

Region 

Western 578 71.71 228 28.29 806 100 

Central 424 63.28 246 36.72 670 100 

Greater Accra 836 70.02 358 29.98 1194 100 

Volta 488 70.01 209 29.99 697 100 

Eastern 582 66.14 298 33.86 880 100 

Ashanti 1002 66.45 506 33.55 1508 100 

Brong Ahafo 505 66.10 259 33.90 764 100 

Northern 677 88.15 91 11.85 768 100 

 

Upper East 
 

493 84.13 93 15.87 586 100 

Upper West 431 85.86 71 14.14 502 100 

Total 6016 71.83 2359 28.17 8375 100 

Ecological 
zone 

Coastal 1655 66.73 825 33.27 2480 100 

Forest 2298 67.45 1109 32.55 3407 100 

Savannah 2063 82.92 425 17.08 2488 100 

Total 6016 71.83 2359 28.17 8375 100 

Locality 

Rural 3693 75.23 1216 24.77 4909 100 

Urban 2323 67.02 1143 32.98 3466 100 

Total 6016 71.83 2359 28.17 8375 100 

Source: Author’s computation from GLSS 5 
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Table 2A: Sample composition for heads household from GLSS 6  

Geographical areas 

Sex-Head of household 

  Male Female Total 

n % n % n % 

Region 

Western 1223 72.28 469 27.72 1692 100 

Central 962 61.75 596 38.25 1558 100 

Greater Accra 1310 70.05 560 29.95 1870 100 

Volta 1035 66.09 531 33.91 1566 100 

Eastern 1240 68.93 559 31.07 1799 100 

Ashanti 1287 65.70 672 34.30 1959 100 

Brong Ahafo 1113 70.35 469 29.65 1582 100 

Northern 1498 88.38 197 11.62 1695 100 

Upper East 1084 75.28 356 24.72 1440 100 

Upper West 1132 81.44 258 18.56 1390 100 

Total 11884 71.80 4667 28.20 16551 100 

Ecological 
zone 

Coastal 2535 64.82 1376 35.18 3911 100 

Forest 4711 68.21 2196 31.79 6907 100 

Savannah 4638 80.90 1095 19.10 5733 100 

Total 11884 71.80 4667 28.20 16551 100 

Locality 

Rural 7072 76.20 2209 23.80 9281 100 

Urban 4812 66.19 2458 33.81 7270 100 

Total 11884 71.80 4667 28.20 16551 100 
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Appendix 2 

The R program used for the data analysis is as follows: 

 

install.packages("bootstrap") 

install.packages("boot") 

library("bootstrap") 

library("boot") 

xdata<- read.csv("C:/Users/Benedicta PC/Desktop/REGIONS_6/ez1.csv") 

xdata<- data.frame(xdata) 

xdata 

 

# MSE calculation 

ginifxn<- function(xdata){ 

  regmodel<- lm(CUMINC~CUMSIZE+CUMSIZE2+CUMSIZE3-1, data=xdata) 

  regmodel 

  sm<- summary(regmodel) 

  sm 

   

  mse<- function(sm){ 

    mse<-mean(sm$residuals^2) 

    return(mse) 

  } 

  MSE<- mse(regmodel) 

  MSE 
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Jackknife estimation of   and     of the prior distribution    

   

  DF<- xdata 

  model.lm<- formula(CUMINC~CUMSIZE+CUMSIZE2+CUMSIZE3-1) 

  theta<- function(x, xdata, coefficient){ 

    coef(lm(model.lm, data=xdata[x,]))[coefficient]} 

  results<- jackknife(1:nrow(xdata), theta, xdata=DF, coefficient="(Intercept)") 

   

  # The following function calculates all the coefficients 

  jackknife.apply <- function(x, xdata, coefs){ 

    sapply(coefs,function(coefficient) jackknife(x, theta, xdata=xdata, 

                                                 coefficient=coefficient),simplify=F) 

  } 

  # now jackknife.apply() can be called 

  results <- jackknife.apply(1:nrow(xdata), DF, c("CUMSIZE","CUMSIZE2","CUMSIZE3")) 

  results 

   

  V1<- results$CUMSIZE$jack.values 

  V2<- results$CUMSIZE2$jack.values 

  V3<- results$CUMSIZE3$jack.values 

   

  Final<- data.frame(V1,V2,V3) 

  Final 

   

 meanofCUMSIZE=mean(Final$V1) 

 meanofCUMSIZE2=mean(Final$V2) 

 meanofCUMSIZE3=mean(Final$V3) 
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 meanofCUMSIZE 

  meanofCUMSIZE2 

  meanofCUMSIZE3 

   

  #the meanvector - mu_k 

  MeanVector<- c(meanofCUMSIZE,meanofCUMSIZE2,meanofCUMSIZE3) 

  MeanVector 

   

  d1<- V1-meanofCUMSIZE 

  d2<- V2-meanofCUMSIZE2 

  d3<- V3-meanofCUMSIZE3 

   

  Dmatrix<-data.frame(d1,d2,d3) 

  Dmatrix 

   

  m11<- sum(Dmatrix$d1*Dmatrix$d1)/nrow(xdata) 

  m22<- sum(Dmatrix$d2*Dmatrix$d2)/nrow(xdata) 

  m33<- sum(Dmatrix$d3*Dmatrix$d3)/nrow(xdata) 

  m12<- sum(Dmatrix$d1*Dmatrix$d2)/nrow(xdata) 

  m13<- sum(Dmatrix$d1*Dmatrix$d3)/nrow(xdata) 

  m23<- sum(Dmatrix$d2*Dmatrix$d3)/nrow(xdata) 

   

  xx<- c(m11,m12,m13) 

  xy<- c(m12,m22,m23) 

  yy<- c(m13,m23,m33) 
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  gg<- data.matrix(data.frame(xx,xy,yy)) 

 gg 

  

Estimating 1ˆ     

  #the a_sub i's 

  ggInverse<-solve(gg) 

  ggInverse 

   

  ggInverseMSE<-ggInverse 

  ggInverseMSE<-data.matrix(data.frame(ggInverseMSE)) 

  ggInverseMSE 

   

  Estimating the elements of 
1





  of the posterior distribution 

  head(xdata) 

  sumofsquaresCUMSIZE<- sum(xdata$CUMSIZE^2)/MSE 

  sumofsquaresCUMSIZE2<- sum(xdata$CUMSIZE2^2)/MSE 

  sumofsquaresCUMSIZE3<- sum(xdata$CUMSIZE3^2)/MSE 

  sumofCUMSIZE12<-sum(xdata$CUMSIZE*xdata$CUMSIZE2)/MSE 

  sumofCUMSIZE13<-sum(xdata$CUMSIZE*xdata$CUMSIZE3)/MSE 

  sumofCUMSIZE23<-sum(xdata$CUMSIZE2*xdata$CUMSIZE3)/MSE 

  sumofCUMINCCUMSIZE<- sum(xdata$CUMINC*xdata$CUMSIZE)/MSE 

  sumofCUMINCCUMSIZE2<- sum(xdata$CUMINC*xdata$CUMSIZE2)/MSE 

  sumofCUMINCCUMSIZE3<- sum(xdata$CUMINC*xdata$CUMSIZE3)/MSE 

 Q1<-c(sumofsquaresCUMSIZE,sumofCUMSIZE12,sumofCUMSIZE13) 

  Q2<-c(sumofCUMSIZE12,sumofsquaresCUMSIZE2,sumofCUMSIZE23) 

  Q3<-c(sumofCUMSIZE13,sumofCUMSIZE23,sumofsquaresCUMSIZE3) 
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  QQ<-data.matrix(data.frame(Q1,Q2,Q3)) 

  QQ 

 RR<- data.matrix(QQ+ggInverseMSE) 

  RR 

   

Finding the estimate of the elements of   
  

  RRInverse<- solve(RR) 

  RRInverse 

 

Estimating the constant term Ĉ  

   

  #cross product of a_sub i's  and meanvector 

  CC<-MeanVector%*%ggInverse 

  CC 

   

  # calculate -0.5*C 

  WW<-

data.matrix(c(sumofCUMINCCUMSIZE,sumofCUMINCCUMSIZE2,sumofCUMINCCUMSIZE

3)) 

  WW 

   

 EE<-WW+t(CC) 

  EE 
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Estimates of Bayesian regression parameters ̂  

  

 FF<-RRInverse%*%EE 

  FF 

   

  Gini estimates 

  AA<- ((FF[1]*0.5)+(FF[2]/3)+(FF[3]*0.25)) 

  AA 

  Gini<- (0.5-AA)/0.5 

  Gini 

  } 

 ginifxn(xdata) 

 

Bootstrap estimation 

ginibootstrap<- function(x,i){ 

  d<- x[i,] # allows boot to select sample 

  return(ginifxn(d)) 

  } 

 

Bootstrapping with 1000 replications 

results<- boot(data=xdata, ginibootstrap, 

               R=1000) 

 

View results 

results 

plot(results)
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                   Appendix 3 

 

Source: Author’s computation from GLSS 5 

             

 

 

 

 

 

 

 

 

 

 

 

 

           Table 3A: Bayesian estimates for regression parameters (GLSS 5)     

Geographical areas 
Male headed households Female headed households All head of households 

β1 β2 β3 R-Square 

Adj R-

square β1 β2 β3 R-Square 

Adj R-

square β1 β2 β3 

R-

Square 

Adj R-

square 

Regions 

Western 0.2819 0.1284 0.5080 0.999 0.998 0.2041 -0.0650 0.7052 0.998 0.993 0.2325 0.1741 0.4996 0.999 0.997 

Central 0.2219 -0.0002 0.6257 0.997 0.996 0.3086 -0.6085 1.0850 0.992 0.987 0.2250 -0.1477 0.7510 0.997 0.995 

Greater Accra 0.2971 -0.2400 0.8049 0.997 0.996 0.2181 -0.2610 0.8762 0.998 0.995 0.2338 -0.1114 0.7260 0.997 0.996 

Volta 0.1684 0.2032 0.5387 0.999 0.998 0.2737 -0.1539 0.8020 0.999 0.994 0.1838 0.1478 0.5822 0.999 0.997 

Eastern 0.1159 0.3440 0.4143 0.999 0.998 0.2213 -0.0867 0.7766 0.999 0.996 0.1255 0.2743 0.4841 0.998 0.997 

Ashanti 0.2456 -0.1145 0.7535 0.998 0.998 0.2365 -0.2861 0.9355 0.998 0.996 0.2346 -0.1312 0.7800 0.998 0.997 

Brong Ahafo 0.2245 -0.1795 0.7286 0.997 0.995 0.3165 -0.2859 0.8186 0.996 0.992 0.2430 -0.2091 0.7534 0.996 0.994 

Northern 0.1823 -0.2171 0.8658 0.998 0.997 0.1261 0.1238 0.6551 0.996 0.985 0.1791 -0.1885 0.8465 0.998 0.996 

Upper East 0.2840 -0.7243 1.3065 0.996 0.994 0.2386 -0.5289 1.1385 0.992 0.981 0.2857 -0.7201 1.2968 0.996 0.994 

Upper West 0.2598 -0.2950 0.8903 0.998 0.995 0.4087 -0.9857 1.4445 0.992 0.977 0.2716 -0.3394 0.9278 0.997 0.995 

Ecological 

zones 

Coastal 0.2231 -0.0561 0.6903 0.997 0.997 0.2379 -0.3378 0.9038 0.996 0.995 0.2007 -0.0749 0.7172 0.997 0.997 

Forest 0.2018 0.1234 0.5559 0.999 0.999 0.2625 -0.2730 0.8981 0.999 0.998 0.2019 0.0610 0.6212 0.999 0.998 

Savannah 0.2170 -0.4266 1.0283 0.998 0.997 0.1879 -0.2723 0.9739 0.998 0.996 0.2114 -0.3853 1.0001 0.997 0.997 

Locality 
Rural 0.1852 -0.1872 0.8577 0.999 0.998 0.2067 -0.1473 0.8073 0.998 0.998 0.1870 -0.1549 0.8262 0.999 0.998 

Urban 0.2132 0.0314 0.6183 0.998 0.998 0.2364 -0.2749 0.8863 0.998 0.997 0.1951 0.0071 0.6567 0.998 0.997 
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             Table 3B: Bayesian estimates for regression parameters (GLSS 6)     

Geographical areas 
Male headed households Female headed households All head of households 

β1 β2 β3 R-Square 

Adj R-

square β1 β2 β3 R-Square 

Adj R-

square β1 β2 β3 

R-

Square Adj R-square 

Regions 

Western 0.2795 -0.5083 1.0182 0.996 0.996 0.2386 -0.6569 1.2300 0.995 0.993 0.2543 -0.4915 1.0303 0.996 0.995 

Central 0.2467 -0.7843 1.2013 0.988 0.987 0.2480 -1.0084 1.5583 0.994 0.992 0.2154 -0.7296 1.2044 0.983 0.982 

Greater Accra 0.2321 -0.3769 0.9339 0.995 0.995 0.2138 -0.5359 1.0494 0.994 0.992 0.2150 -0.3804 0.9382 0.995 0.994 

Volta 0.2517 -0.6051 1.0775 0.993 0.992 0.3151 -0.9367 1.4378 0.992 0.991 0.2423 -0.6047 1.0998 0.991 0.990 

Eastern 0.2609 -0.3653 0.9225 0.996 0.996 0.2992 -0.7432 1.2785 0.994 0.993 0.2568 -0.4325 0.9989 0.996 0.995 

Ashanti 0.3449 -1.0982 1.4254 0.983 0.982 0.2405 -0.7263 1.2030 0.989 0.987 0.3106 -0.9688 1.3354 0.980 0.979 

Brong Ahafo 0.3054 -0.7185 1.0936 0.989 0.988 0.2706 -0.7171 1.0873 0.984 0.981 0.2742 -0.6623 1.0567 0.990 0.989 

Northern 0.3509 -0.9699 1.3512 0.992 0.991 0.3587 -1.3843 1.8566 0.995 0.990 0.3457 -0.9775 1.3714 0.991 0.990 

Upper East 0.2144 -0.5437 0.8931 0.991 0.991 0.3521 -1.0754 1.5128 0.986 0.983 0.2291 -0.6030 0.9670 0.990 0.989 

Upper West 0.3670 -1.1811 1.4623 0.977 0.976 0.3253 -1.0617 1.4953 0.987 0.983 0.3410 -1.0838 1.3911 0.976 0.975 

Ecological 

zones 

Coastal 0.2483 -0.5905 1.0870 0.993 0.992 0.2240 -0.7075 1.2383 0.994 0.993 0.2237 -0.5751 1.0954 0.992 0.992 

Forest 0.2791 -0.6939 1.1286 0.992 0.992 0.2592 -0.7563 1.2559 0.993 0.993 0.2615 -0.6696 1.1295 0.992 0.991 

Savannah 0.3007 -0.8848 1.2495 0.989 0.988 0.3433 -1.2004 1.5532 0.987 0.986 0.2928 -0.8777 1.2534 0.988 0.988 

Locality 
Rural 0.2691 -0.6647 1.1461 0.995 0.994 0.2838 -0.8388 1.3724 0.994 0.994 0.2652 -0.6652 1.1600 0.994 0.994 

Urban 0.2600 -0.7347 1.1786 0.990 0.990 0.2302 -0.7512 1.2516 0.992 0.992 0.2391 -0.6986 1.1662 0.989 0.989 

            Source: Author’s computation from GLSS 6 

              Table 3C: Bayesian estimates for regression parameters (GLSS 5 and GLSS 6 ) 

Survey 

Male headed households Female headed households All head of households 

β1 β2 β3 R-Square 

Adj R-

square β1 β2 β3 R-Square 

Adj R-

square β1 β2 β3 R-Square 

Adj R-

square 

GLSS 5 0.16841 -0.1189 0.80329 0.998 0.998 0.2226 -0.2667 0.888 0.998 0.998 0.1772 -0.1311 0.8061 0.998 0.998 

GLSS 6 0.28053 -0.8401 1.26091 0.990 0.990 0.2617 -0.8871 1.3698 0.993 0.992 0.2683 -0.8145 1.2549 0.991 0.991 

             Source: Author’s computation from GLSS 5 and GLSS 6 
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