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Abstract: The purpose of this study is to identify the effects of multidimensional (fuzzy) 

inequalities and marginal changes on the Gini coefficients of various factors. This allows a 

range of social policies to be specifically targeted to reduce broader inequalities, but these 

policies are focused primarily on health, education, housing, sanitation, energy and drinking 

water. It is necessary to target policy areas that are unequally distributed, such as those with 

access to unevenly distributed drinking water policies. The data are from the Household and 

Consumption Survey of 6695 households in 2003 and 9259 households in 2011. This paper 

uses Lerman and Yitzhaki’s method. The results revealed that the main contributors to 

inequalities over the two periods were health and education. These sources have a potentially 

significant effect on total inequality. Health increases overall inequalities, but sources such as 

housing, sanitation and energy reduce them. This article provides resources to disadvantaged 

and vulnerable target groups. Multiple inequalities are analyzed for different subgroups of 

households, such as place of residence and the gender of the head of household. Analyzing 

fuzzy poverty inequalities makes it possible to develop targeted measures to combat poverty 

and inequality. This study is the first to investigate the sources of Gini’s fuzzy inequality in 

Chad via data analysis techniques, and in general, it is one of the few studies in Saharan Africa 

to be interested in this subject. Some development policies in sub-Saharan Africa should 

therefore focus on different sources (negative effect), sources (positive effect) and the 

equalization effect. 

Keywords: decomposition by source; fuzzy poverty; fuzzy inequality; marginal effect; Gini 

coefficient 

JEL code: C02; D12; I32 

1. Introduction 

Rising inequality in Africa has been accompanied by increasing poverty over 

time. The World Bank also admits that inequality can be a major contributor to poverty 

(Beegle et al., 2016). Like many other African countries, Chad has experienced 

increasing inequalities over the years. Within the framework of policies to combat 

poverty and inequality, social interventions in health have improved health indicators. 

Life expectancy was 48.06 years in 2003 and 50.01 years in 2011 (Demsou, 2023; 

World Bank, 2021). Chad’s policy aims to ensure food self-sufficiency, improve 

nutrition, increase incomes and organize markets. Social work has been carried out in 

the areas of energy, water and sanitation (Demsou, 2023). In the area of education, the 

goal is to eliminate inequality (girls/boys), training and employment. 

The Gini 2023 indices in the CEMAC (Central African Economic and Monetary 

Community) are as follows: Cameroon, 46.2%; Central African Republic, 43.0%; 

Congo, 48.9%; Gabon, 38.0%; and Chad, 37.4% (World Bank, 2024). 

Gender inequalities in Chad are persistent everywhere: in 2021, 14.1% of girls 

and 24.2% of boys completed lower secondary schools in Chad. Adult literacy is lower 
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among women (18.9%) than among men (35.8%) in 2022, and 25.9% of seats in the 

national parliament were held by women in 2022 in Chad. In 2022, 22.6% of women 

and 24.9% of men in Chad accounted for, the female participation rate was 48.6%, and 

the male participation rate was 72.2% in 2023 (World Bank, n.d.). Income inequality 

increased from 2003–2011 but then decreased. From 2003–2011, while poverty rates 

declined, the inequality of consumption distribution rose from 39.4% to 42.1%. 

However, inequality decreased to 35% in 2014 and 33.6% in 2018, with declines 

particularly pronounced in urban areas. The urban Gini coefficient rose from 37.4% 

in 2014 to 33.7% in 2018 (World Bank, 2021). 

Specific steps have been taken to reduce inequality and inequity between men 

and women by giving preferential treatment to disadvantaged groups. However, social 

policies aimed at reducing poverty and inequality appear to have led to a reduction in 

monetary poverty. In 2003, income poverty was 54.8%, and in 2011, it was 46.7% 

(Demsou, 2023; World Bank, 2021); however, these policies often did not 

significantly change the structure of the income distribution (Gini index: 43.32 in 2011, 

compared with 39.82 in 2003) (Demsou, 2022; World Bank, 2021). 

This paper identifies at least two main research questions: i) What factors 

contribute most to total fuzzy inequality? ii) What are the effects of these factors? 

This article provides resources to disadvantaged and vulnerable target groups. 

Multiple inequalities are analyzed for different subgroups of households, such as 

residence or the gender of the head of household. This study is the first to investigate 

the sources of Gini’s fuzzy inequality in Chad via data analysis techniques, and in 

general, it is one of the few studies in Saharan Africa to be interested in this subject. 

Section 2 focuses on the methodology, and Section 3 provides the results and 

discussion. Section 4 presents the conclusions. 

2. Methodology 

2.1. Data 

These analyses were conducted by the National Institute for Statistics (INSEED). 

Sample of surveyed households: 9259 households in 2011 and 6695 households in 

2003. The sample was nationally representative and stratified by place of residence 

and region. The sampling frame consisted of complete lists of 6685 and 12,150 census 

tracts from the first and second population and housing censuses, respectively 

(RGPH1 in 1993; RGPH2 in 2009). Census tracts are unique, nonempty territorial 

units that encompass the entire country. They are portions of a country’s territory and 

are structured to accommodate approximately 1000 residents each 

The household survey covers nine main themes: identification of persons living 

in the household, its composition, education of household members, activities of 

household members, types of dwellings, wealth of household, health status of 

household members, past expenditure and personal consumption (Demsou, 2022). 

2.2. Variable selection and explanation 

The indicator of preference for deprivation is of essential importance. The choice 

of variables is never exhaustive. There is always a margin of error. However, authors 
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such as (Guio, 2005, 2009) recommended considering an indicator representing 

lifestyle deprivation if it meets the following four conditions: i) It reflects the lack of 

a common standard of living for the majority of populations. In other words, it is 

recognized as a social necessity; ii) it allows for international comparisons; iii) it 

allows us to follow evolution over time; and iv) it is sensitive to changes in living 

standards. 

The chosen indicator must be correlated with income to differentiate between 

poor and rich individuals (with reference to income). The analysis must clearly 

distinguish between influencing variables and poverty causal variables (Cheli and 

Lemmi, 1995; Cheli et al., 1994). Furthermore, the choice of deprivation indicator is 

particularly challenging because decisions cannot be made without administering any 

dose, and the final measurements obtained depend on data availability (Miceli, 2006). 

Deprivation thresholds first identify people who are suffering from deprivation 

for each selected indicator (Dirksen et al., 2022). Table 1 provides details of the 

dimensions and attributes used (Deutsch et al., 2018). 

Table 1. List of variables. 

Variables Deprivation thresholds 

Education 

Not all individuals in the household can read, write and count. 

No school-age children participate 

Head of household has no schooling 

Housing 

The roofs of his houses are not made of sheet metal/tile and concrete 

The walls of the house are not made of cement 

The floor of the house is made of dirt 

Health 
The household does not have access to the health center 

More or at least one child is sick during the week 

Sanitation 
Lack of access to adequate sanitation 

No Water-Closet 

Drinking water  
Lack of access to clean water 

Access to drinking water more than 30 minutes away 

Energy 
The household’s dwelling is not electrified 

The household does not use fuel for cooking 

Source: Author. 

2.3. Method 

2.3.1. Theoretical framework 

In 1982, Shorrocks proposed a method to decompose inequalities measured by 

the squared coefficient of variation (Shorrocks, 1982). This method provides rules for 

disaggregating measures of income inequality by subgroup or source of income 

(Demsou, 2022). The first method is limited to decomposing the index structure into 

within-group and between-group measures. If we divide the population into two 

groups, the within-group coefficient represents the magnitude of the distribution of 

income disparities within the groups, whereas the between-group measure represents 

the inequality that exists between population groups (Demsou, 2022). 
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In 1985, Lerman and Yitzhaki developed and used a new method in the United 

States in 1980 to decompose income inequality into its component parts (Elbers and 

Lanjouw, 2001; Lerman and Yitzhaki, 1985). Yitzhaki (1990) in Egygt (1981–82), 

Yitzhaki and Thirsk (1990) in Cote d’Ivoire (1985), Yitzhaki (1994) in Israel (1979–

80), Keifman and Maurizio (2012) in Argentina, Brazil, Chile, Mexico, and Uruguay 

(2003–1910), Mookodi (2021) in Botswana (2009–10 and 2015–16), and Stark et al. 

(1986), using data from two Mexican villages (1982), used Lerman and Yitzhaki’s 

methodology. Inequality in US consumption expenditures in 1987 is examined via the 

Lerman and Yitzhaki covariance method for decomposing the Gini coefficient (Clert 

and Wodon, 2001; Garner, 1993). In 1989, Podder used data from Australia to 

disaggregate the Gini index by factor components (Podder, 1993). 

We use the Lerman and Yitzhaki method of 1985 to identify the effects of 

multidimensional inequalities and marginal changes on the Gini coefficients of various 

factors (Amarante, 2016; Demsou, 2022). This decomposition approach helps to 

explore how small changes in the fuzzy component poverty indices affect overall 

inequality (Lerman and Yitzhaki, 1985). In addition, the elasticity of the Gini 

coefficient can be calculated on the basis of a specific fuzzy poverty index. Policy 

discussions about the level of inequality in society greatly benefit from the use of these 

elasticities. The significance of the issue can be determined by the fact that a 

significant percentage of the fuzzy poverty ratio is attributed to cash benefits received 

from the government. Moreover, the government has the power to indirectly affect 

other sources of the fuzzy poverty index by using appropriate fiscal or monetary 

instruments (Podder, 1993). 

2.3.2. Model specification 

The fuzzy poverty index provides a framework for a better understanding of the 

different dimensions of poverty. In 1990, Cerioli and Zani explained that this approach 

has clear advantages because it takes into account the relative numbers of poor people 

and both their absolute and relative disadvantages (Cerioli and Zani, 1990). However, 

it does not consider many characteristics that may be important for a thorough 

understanding of poverty (Cerioli and Zani, 1990). The main criticisms are as follows: 

i) Assessments of individual income are often inaccurate, mainly due to the reluctance 

of respondents to provide accurate information. As a result, traditional income-based 

indices can produce misleading results. In addition, income itself is a rather vague 

concept. ii) Multidimensional poverty is now under control, but measures based on a 

single variable are not sufficient (Cerioli and Zani, 1990). iii) A comparison between 

poverty and nonpoverty seems impossible (Cerioli and Zani, 1990). 

Suppose that 𝑃, a population of 𝑛 households and the attribute 𝑋j (j = 1, … , m). 

μ(Xj) = ∑ xij
n
i=1 f(ai) ∑ f(ai)

n
i=1⁄   (1) 

with 𝑤j = Log (
∑ f(ai

n
i=1 )

∑ xijf(ai)
n
i=1

) (Cerioli and Zani, 1990). 

𝑤j is the ponderation assigned to attribute𝑋j = (x1j, x2j, … , xij, … , xnj) 

and 

f(ai) =
M

m

Ki

ni
  (2) 
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is the household weighting ai or the inverse of the probability for any household ai to 

belong to the sample in the stratum, where 𝑀 is the total number of ZDs (counting 

areas), m is the number of ZDs in the sample, ni  is the number of households ai 

sampled and 𝐾𝑖 is the updated total number of households from the ZD of household 

ai. 

In the sample: xij = 1, if 𝑎𝑖 does not have the attribute 𝑗, else 𝑥𝑖𝑗 = 0. 
𝑓(𝑎𝑖)

∑ 𝑓(𝑎𝑖)𝑛
𝑖=1

 is 

the proportion of 𝑎𝑖  in the total population (Demsou, 2023; Deutsch et al., 2018; 

Mussard and Pi Alperin, 2005;). 

The ratio μ(Xj) is the degree of deprivation of characteristic Xj. The contribution 

of Xj attributes to multidimensional poverty can be calculated via attribute 

decomposition (Dagum and Costa, 2004). The fuzzy poverty index is calculated as 

follows (Demsou, 2023): 

μ = ∑ 𝜇m
j=1 (Xj)wj ∑ wj

m
j=1⁄   (3) 

The absolute contribution of the Xj attribute to the multidimensional poverty 

index is obtained as follows: 

μ = ∑ 𝜇𝑗
𝑚
𝑗=1   (4) 

where 𝜇𝑗 = μ(Xj)wj ∑ wj
m
j=1⁄ . 

We assume a household fuzzy poverty index 𝜇, a minimum level a, a maximum 

level b, and a cumulative distribution of the fuzzy poverty index F. The half Gini mean 

difference (G) can be written as: 

𝐺 = ∫ 𝐹(𝜇)(1 − 𝐹(𝜇))𝑑𝜇
𝑏

𝑎
  (5) 

Using integration by parts, with 𝑢 = 𝐹(𝜇)(1− 𝐹(𝜇)) and 𝑣 = 𝜇, we obtain 

𝐺 = ∫ 𝜇(𝐹(𝜇) − 1
2⁄ )𝑓(𝜇)

𝑏

𝑎
  (6) 

By defining 𝜇(𝐹) as the inverse function of 𝐹(𝜇), Equation (6) can be further 

transformed to 

𝐺 = 2 ∫ 𝜇(𝐹)(𝐹 − 1
2⁄

1

0

)𝑑𝐹 (7) 

Note that 𝐹  is uniformly distributed between [0,1]  so that its mean is 1/2 

(Lerman and Yitzhaki, 1985; Novignon, 2017). 

Equation (7) (Novignon, 2017) can be rewritten as follows. 

𝐺 =
2 𝑐𝑜𝑣 (𝜇,𝐹)

 𝜇̅
  (8) 

The fuzzy poverty coefficient is decomposed as follows: μ = ∑ 𝜇𝑗
𝑚
𝑗=1 . 

Where 𝐹𝑗 is the cumulative distribution of 𝜇𝑗 and where 𝜇̅𝑗 is the arithmetic mean. 

Therefore, the Gini index of the jth component is as follows: 

𝐺𝑗 =
2 𝑐𝑜𝑣 (𝜇𝑗, 𝐹𝑗)

𝜇̅𝑗 
 (9) 
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Then, utilizing the cumulative distributions and averages of the fuzzy poverty 

ratio, 

The Gini coefficient of total expenditures is expressed as follows (Demsou, 2023; 

Mookodi, 2021): 

𝐺 = ∑ 2
𝑐𝑜𝑣 (𝜇𝑗,𝐹)

 𝜇̅
𝑚
𝑗=1    (10) 

By combining Equations (9) (Lerman and Yitzhaki, 1985) and (10), the index of 

Gini can be written as: 

𝐺 = ∑ (
2 𝑐𝑜𝑣 (𝜇𝑗,𝐹)

𝑐𝑜𝑣(𝜇𝑗,𝐹𝑗) 

𝑐𝑜𝑣(𝜇𝑗,𝐹𝑗)

𝜇̅𝑗
 
𝜇̅𝑗

 𝜇̅
)𝑚

𝑗=1   (11) 

with 𝑅𝑗 =
 𝑐𝑜𝑣 (𝜇𝑗,𝐹)

𝑐𝑜𝑣(𝜇𝑗,𝐹𝑗) 
, 𝐺𝑗 =

2𝑐𝑜𝑣(𝜇𝑗,𝐹𝑗)

𝜇̅𝑗
 and 𝑆𝑗 =  

𝜇̅𝑗

 𝜇̅
. 

Thus,  

𝐺 = ∑ 𝑅𝑗
𝑚
𝑗=1  𝐺𝑗𝑆𝑗 =  ∑ 𝐶𝑗

𝑚
𝑗=1   (12) 

We write 𝐺 = ∑ 𝑝𝑗
𝑚
𝑗=1  𝐺𝑗 with 𝑝𝑗 = 𝑅𝑗𝑆𝑗 : Gini’s weight for attribute 𝑋j. 

Where 𝑅j  is the correlation between the contribution of attribute 𝑗 and the 

multidimensional poverty index, 𝐺j is the index of Gini for each attribute 𝑗, and Sj is 

the contribution to the multidimensional poverty index of attribute 𝑗 (Demsou, 2023; 

Lerman and Yitzhaki, 1985). 

Similarly, concentration coefficients are sometimes used to measure income 

inequality: 

𝐶𝑜𝑛𝑐𝑗=𝐺𝑗×𝑅𝑗 (13) 

We have: 

The contribution of attribute 𝑗 of inequality is  

𝐼𝑗 =
𝐶𝑗

𝐺
 (14) 

Relative marginal effects:  

𝐼𝑗 − 𝑆𝑗 = 𝑆𝑗(
𝐺𝑗× 𝑅𝑗

𝐺
 − 1) (15) 

and fuzzy poverty index elasticity: 

𝑒𝑗 =
𝐺𝑗× 𝑅𝑗

𝐺
  (16) 

Typical errors and bootstrap confidence intervals are also estimated via this 

decomposition method. We use the command sgini in Stata. This allows us to 

decompose the Gini coefficient via ambiguous poverty index sources and calculate the 

impact of small variations in a particular ambiguous poverty index on inequality 

(Kumar Mishra et al., 2019). 

3. Results and discussion 

3.1. Fuzzy poverty index 
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The choice of indicators of deprivation is particularly difficult because without 

dosage interventions, the measures obtained depend on the availability of data. The 

socioeconomic characteristics used to study poverty status were selected on the basis 

of the multidimensional concept of poverty, data from the Ecosit 3 in 2011 and the 

Ecosit 2 in 2003 surveys and the Sustainable Development Goals (Miceli, 2006). 

Table 2 shows the fuzzy poverty index. Chad’s fuzzy poverty index was 48.74% 

in 2003 and 58.89% in 2011, whereas it was 54.8% in 2003 and 46.7% in 2011. Fuzzy 

poverty increased by 10.15%, and income poverty decreased by 8.04% between 2003 

and 2011. 

According to the results, a strong contribution of variables was observed in 2003: 

health (25.30%), education (22.60%), drinking water (20.90%), and housing (18.10%). 

The largest contributors in 2011 were education (29.00%), health (24.00%) and 

drinking water (22. 10%) and housing (14.30%). Education and housing had high 

fuzzy poverty and relative contributions over the two periods in Chad. 

Table 2. Fuzzy poverty coefficient. 

Dimensions 

2003 2011 

Weight Poverty 
Absolute 

contribution 

Relative 

Contribution 
Weight Poverty 

Absolute 

contribution 

Relative 

Contribution 

Education 0.173 0.638 0.110 0.226 0.266 0.643 0.171 0.290 

Housing 0.108 0.808 0.088 0.181 0.101 0.833 0.084 0.143 

Health 0.317 0.389 0.123 0.253 0.319 0.445 0.142 0.241 

Sanitation 0.076 0.727 0.055 0.113 0.076 0.742 0.056 0.095 

Drinking water 0.316 0.322 0.102 0.209 0.233 0.558 0.130 0.221 

Energy 0.010 0.972 0.010 0.021 0.005 0.986 0.006 0.010 

Chad 1.000 0.487 0.487 1.000 1.000 0.589 0.589 1.000 

Source: Own estimations. 

3.2. Gini coefficient decomposition in fuzzy poverty 

The analysis was performed by using household consumer expenditure data from 

the National Sample Survey in 2003 and 2011. 

Instead of decomposing income inequality and consumption expenditures, the 

fuzzy poverty coefficient method can also consider various nonmonetary inequalities, 

such as education, housing, health, sanitation, drinking water, and energy (Demsou, 

2023). These coefficients are also tools to fight poverty and inequality, considering 

nonmonetary aspects that are missing in current instruments. If the nonmonetary 

dimensions of inequality are not taken into account, limitations on inequality reduction 

would be justified (Aaberge and Langorgen, 2006). 

Table 3 shows that the total Gini coefficient of the fuzzy poverty coefficient was 

0.229 in 2003 and 0.215 in 2011. The coefficients of the Gini component greater than 

the overall Gini index for the fuzzy poverty coefficient over the two periods are for 

drinking water, health, sanitation, and education. These sources are unevenly 

distributed between the two time periods. These results suggest that unequally 

distributed resources do not necessarily equate to wealth. This means that not only are 



Journal of Infrastructure, Policy and Development 2024, 8(13), 7816. 
 

8 

the sources highly unequal (high Gini index), but they can also lead to poverty (Lopez-

Feldman, 2006; Taylor et al., 2008). 

The smallest component of the Gini coefficient during the 2 periods is the energy 

source. The Gini coefficient component of education increased from 0.294 in 2003 to 

0.354 in 2011. 

Table 3. Inequality effects of deprivation and component Gini coefficients. 

Variable 𝑺𝒋 𝑮𝒋 𝑹𝒋 𝑮𝒋  𝑹𝒋 𝑪𝒋 𝑰𝒋 = 𝑪𝒋/𝑮 𝑰𝒋 − 𝑺𝒋 𝑮𝒋  𝑹𝒋/𝑮 

      2003           

Education 0.226 0.294 0.445 0.131 0.030 0.129 −0.097 0.571 

Housing 0.180 0.164 0.426 0.070 0.013 0.055 −0.125 0.305 

Health 0.253 0.485 0.656 0.318 0.081 0.351 0.098 1.385 

Sanitation 0.113 0.262 0.486 0.127 0.014 0.062 −0.050 0.554 

Drinking water 0.209 0.551 0.801 0.441 0.092 0.402 0.193 1.924 

Energy 0.020 0.028 0.330 0.009 0.000 0.001 −0.019 0.040 

Total 1.000 0.229 1.000 0.229 0.229 1.000 0.000 1.000 

      2011           

Education 0.290 0.354 0.710 0.251 0.073 0.340 0.050 1.171 

Housing 0.143 0.159 0.554 0.088 0.013 0.059 −0.084 0.412 

Health 0.240 0.446 0.666 0.297 0.072 0.333 0.093 1.386 

Sanitation 0.096 0.250 0.558 0.140 0.013 0.062 −0.033 0.651 

Drinking water 0.220 0.382 0.522 0.199 0.044 0.205 −0.016 0.930 

Energy 0.010 0.014 0.654 0.009 0.000 0.000 −0.009 0.044 

Total 1.000 0.215 1.000 0.215 0.215 1.000 0.000 1.000 

Source: Own estimations. 

Note: 𝑆𝑗 = Fuzzy poverty index share; 𝐺𝑗 = Gini source; 𝑅𝑗  = Correlation with rank of total fuzzy 

poverty index; 𝐶𝑗 = Absolute contribution of fuzzy inequality; 𝐺𝑗   𝑅𝑗 = Concentration factors; 

𝐼𝑗  = 𝐶𝑗/𝐺 = Relative contribution of fuzzy inequality; 𝐼𝑗 −𝑆 𝑗  = Relative marginal effects; 𝐺𝑗  𝑅𝑗/𝐺 = 

Fuzzy poverty index elasticity; 𝐺 = Total fuzzy poverty index inequality 

 

Figure 1. Main sources of contribution to inequalities. 

Source: Author. 
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Figure 1 presents the contribution of each component to overall consumption 

inequality (Ferrarini and Nelson, 2003). The main sources contributing to inequalities 

were health and education over two periods. These sources have a potentially 

significant effect on total inequality. 

The relative marginal effects and fuzzy poverty index elasticity results are shown 

in Figure 2. Marginal effects were calculated to better understand the extent to which 

different causes of fuzzy poverty have an increasing or decreasing impact on overall 

income inequality (Novignon, 2017). Podder (1993) concludes that when examining 

whether the influence of a source is increasing or decreasing, marginal effects are more 

meaningful than proportional contributions to inequality. Paul in 2004 and Kimhi in 

2007 reported that the marginal effects of sources are more consistent. Marginal 

effects also show that a 1% change in a particular source of fuzzy poverty has an 

impact on overall inequality (Kimhi, 2007; Paul, 2004). A negative (positive) marginal 

effect is when the share of a particular source increases, overall multidimensional 

inequality decreases (increases): equalizing (dis-equalizing) effect. A positive 

marginal effect coefficient and a concentration coefficient with a value higher than the 

overall Gini coefficient (elasticity coefficient) indicate that inequality increases as the 

fuzzy poverty rate for that component increases. Overall inequality decreases if the 

marginal effect coefficient is negative. This is the same for a concentration coefficient 

with a value below the overall Gini coefficient. 

The study revealed that a 1% increase in this source of the fuzzy poverty index, 

all other things being equal, resulted in an increase in the Gini coefficient of the fuzzy 

poverty index by 9.80% for health and 19.30% for drinking water in 2003 and, 

similarly, by 5% for education and 9.30% for health in 2011 (Demsou, 2023). 

Over two periods, health had an increasing effect on the Gini coefficient as 

opposed to housing, sanitation, and energy: a dis-equalizing (equalizing) effect. 

 

Figure 2. Sources of relative marginal effects. 

Source: Author. 
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3.3. Bootstrap results 

The analysis of the decomposition of inequalities has raised important problems 

with respect to the precision of the parameters. Therefore, bootstrapping is applied as 

a resampling method that allows the accuracy of the estimator to be estimated via 

random sampling with replacement from the original dataset (Efron and Tibshirani, 

1986). Table 4 shows the results of the probabilistic sensitivity analysis via the 

bootstrap approach. Through simple bootstrapping, measures of precision such as bias, 

variance, and confidence intervals can be assigned to the sample estimates (Mills and 

Zandvakili, 1997). Column 1 of Table 4 shows the components of the fuzzy poverty 

index in each case. Column 5 shows confidence intervals, indicating that they are all 

significant (García‐Sánchez et al., 2014). 

Table 4. Bootstrap results in 2003 and 2011. 

Bootstrap Results Number of obs = 6695 

  Replications = 250  

  Observed Bootstrap   Normal-based 

2003 Coef. Std. Err. z P > z [95% Conf. Interval] 

G 0.229 0.002 108.80 0.000 0.225   0.234 

Education 0.294 0.004 70.28 0.000 0.286   0.303 

Housing 0.164 0.003 57.08 0.000 0.158   0.170 

Health 0.485 0.006 87.22 0.000 0.474   0.496 

Sanitation 0.262 0.005 50.36 0.000 0.252   0.272 

Drinking water 0.551 0.004 140.70 0.000 0.543   0.559 

Energy 0.028 0.002 18.28 0.000 0.025   0.031 

Bootstrap Results Number of obs = 9259 

  Replications  = 250  

  Observed Bootstrap   Normal-based 

2011 Coef. Std. Err. z P > z [95% Conf. Interval] 

G 0.215 0.003 78.32 0.000 0.209   0.220 

Education 0.354 0.008 42.39 0.000 0.337   0.370 

Housing 0.159 0.004 38.15 0.000 0.151  0.168 

Health 0.446 0.006 78.96 0.000 0.435   0.457 

Sanitation 0.250 0.006 40.70 0.000 0.238   0.262 

Drinking water 0.382 0.006 63.69 0.000 0.371  0.394 

Energy 0.014 0.001 17.38 0.000 0.013   0.016 

Source: Own estimations. 

4. Conclusion 

This paper aimed to investigate multidimensional inequalities in Chad. Income 

inequality was 0.398 in 2003 and 0.433 in 2011 in Chad, whereas inequality in fuzzy 

poverty was 0.229 in 2003 and 0.215 in 2011. Income inequality is increasing, whereas 

multidimensional inequality is decreasing. 

The results of such a study can serve as an important tool for redirecting policies 

to reduce poverty and inequality. Comprehensive anti-poverty measures generally aim 
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to increase incomes, but that goal may not be achieved and is likely to lead to increased 

inequality that benefits only wealthy individuals (Novignon, 2017). Household 

incomes may generally increase, but this income distribution may disadvantage the 

poorest households. Effective poverty reduction policies, including those aimed at 

reducing inequality, should focus on the poorest households (African Development 

Bank Group, n.d.). For example, measures to support small and self-employed 

businesses are essential to achieve progrowth growth. Such measures might include 

providing access to credit and basic infrastructure to the self-employed (African 

Development Bank Group, n.d.). The results of this paper show that the main sources 

contributing to multidimensional inequalities are health and education in both periods. 

These sources have a potentially significant effect on total inequality. 

Marginal effects are the most effective way of establishing whether changes in a 

fuzzy poverty component increase or decrease overall inequality and equalizing (dis-

equalizing) effects (Novignon, 2017). The results show that health has the effect of 

increasing inequalities. In contrast, housing, sanitation, and energy have a reducing 

effect on global inequalities in Chad. These findings have important policy 

implications for Chad. The government should therefore focus on different sources 

(positive effects), health and sources (negative effects), such as housing, sanitation, 

and energy. Appropriate actions should be taken to achieve the goals of reducing 

distributive inequalities and improving the welfare of citizens. 

The article suggests that various social policies to reduce multiple inequalities 

should focus primarily on access to drinking water and education, which are unequally 

distributed in the two periods. These results suggest that an unequal distribution of 

resources does not necessarily benefit wealthy people. Finally, further research is 

needed to address multidimensional inequalities in place of (urban vs. rural) and the 

gender of household heads in different regions of Chad. 
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