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Abstract: This study aims to examine the drivers of inequality of opportunity in health outcome 
among children below 5 years of age, using the Sudanese 2014 Multiple Indicator Cluster Survey. 
It investigates the variation in inequality across and within regions, decomposing inequality into a 
portion that is due to inequality of opportunity and a portion due to other factors, such as 
random variations in health. The results of the generalized entropy measures indicate that the 
overall inequality in child health is high, particularly in poor and conflict-affected regions. The 
contribution of inequality of opportunity to total inequality in child health outcome is found to 
be substantial and varies, both across and within regions. The results also reveal that the share of 
circumstances in inequality of opportunity in child health varies significantly according to health 
indicator and geographic region. Specifically, geographic location, parents’ education, and 
parental wealth are found to be the principal factors contributing to inequality of opportunity in 
child health outcome. 
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1 Introduction 

Sudan is the third largest country in Africa with large agricultural resources and has always been 
considered a potential food basket for Africa and the Arab world. The country has vast arable 
land, considerable amounts of water, cheap labour resources, as well as a diversified climate. 
Despite these available resources, a large segment of population in Sudan, mainly vulnerable 
groups such as children, suffers from hunger and nutrition insecurity. Indeed, child malnutrition 
is a widespread phenomenon, particularly in rural areas, where most of the inhabitants live in 
poverty and food insecurity. According to the 2014 Multiple Indicator Cluster Survey (MICS; see 
Central Bureau of Statistics 2016), about one third (33 per cent) of Sudanese children below 5 
years of age (hereafter referred to as ‘children under five’) are underweight, approximately two in 
five (38.2 per cent) are stunted (too short for their age), and one in six (16.3 per cent) are wasted 
(too thin for their height). Regarding gender variation in undernutrition, the survey shows that 
boys are slightly more underweight, stunted, and wasted than girls. The same report also 
indicates high regional disparity in child nutritional outcomes, as those residing in poor and 

conflict-affected regions are more stunted and wasted (Central Bureau of Statistics 2016). 

Moreover, disparity in access to public services such as healthcare, education, and clean water is a 
prevailing phenomenon across Sudan (Crowther et al. 2014). These inequalities are responsible 
for a wide range of disparities in socioeconomic outcomes among the population, particularly 
child health. In fact, child health is being affected by parental inputs such as quantity and quality 
of food as well as by public health services such as availability of clean water and sanitation. 
Accordingly, unequal distribution of nutrition and health inputs may affect directly child health 
outcome. In addition, during recent decades several regions have suffered from conflict and 
underprivileged economic situation, which has negatively affected the distribution of public 
services and exposed a large segment of children under five to undernutrition. Therefore, 
understanding the pattern and determinants of inequality of opportunity in child health across 
regions would help to determine factors that are under the control of policymakers and have 
important contributions towards enhancing equal opportunities for child health within and 
between regions. 

This paper examines the drivers of inequality of opportunity in child health in Sudan using the 
2014 MICS data. More specifically, the paper aims to (i) measure the total inequality in child 
health outcome along with the share of inequality of opportunity in overall inequality and (ii) 
identify the contributions of different sets of circumstances, such as geographic location and 
parental education and wealth, towards the measured inequality of opportunity. 

It is common practice in inequality of opportunity literature to consider genetic differences and 
luck among the set of circumstances an individual has no control over (Roemer 1998, 2002). 
Adopting such a framework in the case of child health implies that all observed health inequality 
would be inequality of opportunity; this is because a child is not responsible for any part of their 
health outcome by five years of age. Therefore, we take a different path, measuring inequality of 
opportunity in child health by observable characteristics, while genetic variations other than 
those directly attributable to parental characteristics and luck are supposedly morally justifiable 
and therefore included in the residual inequality and are not attributable to differences in 
opportunities. 

The analysis was performed for both national and regional levels, adopting parametric and non-
parametric decomposition approaches. It revealed that the share of child health inequality 
attributable to inequality of opportunity is significant but varies across regions. The results also 
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indicated that geographic regions, parental wealth, and parents’ education represent the principal 
factors of inequality of opportunity in child health across and within regions. However, 
infrastructure and demographic factors have less impact on inequality of opportunity. The rest of 
this paper is organized as follows. Section 2 reviews the conceptual framework and literature on 
inequality in child health outcome and health production. Section 3 outlines data sources and 
methodology. Section 4 presents some descriptive statistics about child health in Sudan along 
with the findings on measurement and decomposition of inequality of opportunity. Section 5 
concludes with some policy implications. 

2 Conceptual framework and literature review 

2.1 The conceptual framework 

To understand the concept of inequality of opportunity we follow Roemer’s (1998, 2002) 
framework, which emphasizes the difference between inequality of outcomes and inequality of 
opportunity. According to Roemer (1998, 2002), inequality of outcomes is primarily due to the 
two sets of factors, namely, individual effort and circumstances such as family background and 
geographic regions. Inequality due to differences in individual effort is morally justifiable, 
whereas inequality due to circumstances over which the individual has no control is morally 
unjustifiable. This circumstance-related inequality is called inequality of opportunity (Roemer 
1998). However, Roemer’s framework leads to an unrealistic understanding of inequality of 
opportunity when considering child health outcome. That is, when considering young children, 
no circumstances are under a child’s control. Indeed, no differences in height or weight could be 
reasonably attributed to children’s inadequate ‘effort’ to grow (Assaad et al. 2012). Thus, 
according to Roemer’s framework, all inequality in outcomes for young children, by definition, is 
inequality of opportunity. This definition yields a very unrealistic yardstick of equality of 
opportunity requiring equal heights and weights for all children. In other words, equality of 
outcome would imply that all children of the same age and sex would have the same height, 
which is clearly not realistic (Krafft 2015). 

Like other recent studies (e.g. Assaad et al. 2012;Krafft 2015), this paper modifies Roemer’s 
framework by considering inequality of opportunity as only that inequality which is due to 
observable circumstances, such as parent’s education, parental wealth, and place of residence. 
Genetic variations and luck are presumably morally justifiable and therefore included in the 
residual inequality, which is not attributable to differences in opportunities. Since not all 
circumstances are observable, or observed in survey data, inequality of opportunity measured on 
observable circumstances is therefore treated as a lower bound on true inequality of opportunity. 
The remainder of inequality is considered to be ‘luck’. Dividing inequality based on what is 
observed in the survey would be identified as a serious shortfall, particularly when determining 
policy implications (Kanbur and Wagstaff 2014). However, this paper uses the inequality of 
opportunity approach as a method for identifying the factors that influence child health 
inequality, hence quantifying the contribution of those observable factors to overall inequality. 

To model child health outcomes such as height-for-age and weight-for-height, a generalized 
health production function can be specified based on the works of Grossman (1972) and Strauss 
and Thomas (1998) as follows: 

𝐻 = 𝐻(𝐼𝑁, 𝐹𝐵, 𝑃𝑆, 𝜀ℎ) (1) 
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where H is a vector of health outcome and is a function of a set of health inputs (IN), family 
background (FB), and public services (PS). Health inputs include food quantity and quality, 
which can be partially controlled by parents. Family background includes parents’ education and 
parental wealth. Public services include public health infrastructure and treatment practice. 

Finally, the random disturbance term h includes the elements of genetic variation, both 
observable and unobservable, as well as measurement error. The measurement error arises 
because not all dimensions of circumstances are captured in the analysis. For example, the data 
on parental wealth is based on an asset index but not on incomes. This leads to an 
underestimation of inequality of opportunity in child health related to socioeconomic status. 
Thus, having some degree of measurement error and certainly missing dimensions of parents’ 
circumstances, the estimated inequality of opportunity in child health is a lower bound. 

2.2 Literature review 

Despite a large number of theoretical and empirical studies being devoted to the measurement 
and explanation of inequality of opportunity in health (e.g. Sen 2002; Rosa Dias and Jones 2007; 
Fleurbaey and Schokkaert 2009; Rosa Dias 2010), empirical literature on inequality of 
opportunity in child health outcome remains scarce, particularly in developing countries. 
However, in recent decades a couple of empirical studies on inequality of opportunity in child 
health have emerged (e.g. Zere and McIntyre 2003; Assaad et al. 2012; El-Kogali et al. 2016; May 
and Timaeus 2014; Ersado and Aran 2014; Krafft 2015). 

Zere and McIntyre (2003) investigated the correlation between socioeconomic status and 
malnutrition among children under five in South Africa. The study found that children with poor 
nutrition are most highly concentrated in the poorest regions of the country. Assaad et al. (2012) 
examined the patterns of inequality of opportunity in child health outcome for selected Arab 
countries and Turkey, using the Demographic and Health Survey (DHS) data, and measured 
health outcome by height-for-age and weight-for-height for children under five. Their study used 
both parametric and non-parametric decomposition methods of analysis to determine the share 
of inequality of opportunity in total inequality. It revealed that both overall inequality and 
inequality of opportunity exhibit different levels and trends across countries. Inequality of 
opportunity is found to contribute substantially to the inequality of child health outcome, but its 
share in total inequality varies significantly, both across and within countries over time. They also 
found that geographic location and demographic factors are the main contributors towards 
inequality in child health outcome. 

In the same vein, Krafft (2015) investigated the determinants of inequality of opportunity in 
children’s height and weight using the Jordanian 2012 DHS data. Focusing on factors such as 
parental background, food quantity and quality, and health environment, the study indicated that 
health environment, particularly piped water and sanitation, as well as parental wealth contribute 
substantially to inequality of opportunity in child health. Hussien and Ayele (2016) investigated 
the inequality of opportunity in child health in Ethiopia using the 2002 and 2006 Young Lives 
Survey data. Measuring health outcome by standardized height-for-age and weight-for-height, 
and decomposing inequality by both parametric and non-parametric approaches, the study 
revealed that geographic location, mother’s religion, household wealth, and access to clean water 
and sanitation are among the factors that account for the highest share of inequality in child 
health outcome. More recently, Amara and Jemmali (2017) analysed the patterns of inequality of 
opportunity in health and nutrition outcomes among children under five in Tunisia. Using 
Shapley decomposition to estimate the relative contributions of circumstances, their study found 
that parents’ education, parental wealth, and place of residence are the key factors influencing 
inequality of opportunity in child health. 
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3 Methodology and data 

To analyse inequality of opportunity in child health, first we compute the standardized 
anthropometric indicators of child health outcome, namely, the variables height-for-age and 
weight-for-height.1 Next, we measure inequality for height-for-age and weight-for-height 
variables, and then decompose them into a fraction that is due to observable circumstances (i.e. 
inequality of opportunity) and a residual measure. We also identify the partial effect of each 
group of circumstances on inequality of opportunity. Finally, for further investigation of effect of 
circumstances on inequality we stimulate the standardized height and weight for children with 
the ‘greatest’ and ‘worst’ amalgamation of observed circumstances. 

3.1 Computing standardized child health outcome 

It is well known that height and weight of children increase with age and vary according to 
gender of the child (Pradhan et al. 2003; Assaad et al. 2012). Thus, to remove the standard 
variations in height and weight over age and sex, most empirical literature on child health uses a 
reference distribution for ‘healthy’ children developed by the US Center for Disease Control 
(CDC). This reference is commonly used to measure either the percentile of child height and 
weight in the reference distribution of children of the same sex or age (usually in months) or 
their z-score (Kuczmarski et al. 2002). The z-score measures the divergence of child health 
outcome from the median of the reference, calculated in terms of standard deviation of the 
reference distribution. Nevertheless, both percentile measures and z-score transformations 
change the scale of measurement, and hence alter inequality measures in arbitrary ways (Assaad 
et al. 2012). To address this problem, we compute the standardized value of height and weight 
variables, following the literature on child health inequality (e.g. Pradhan et al. 2003; Assaad et al. 
2012). Therefore, using the CDC reference distribution we transform the z-score of the height or 
weight into the equivalent height or weight for a 24-month-old female with the identical z-score. 
In other words, the actual height of a child in the sample is transformed to a standardized height 
using the distribution of height based on the CDC reference. Accordingly, the standardized 
height can be set as follows: 

𝐻 = 𝐹𝑎̅,𝑔̅
−1 (𝐹𝑎,𝑔(ℎ)) (2) 

where F denotes the distribution function of height in the CDC population for a child of age (𝑎) 

and gender (𝑔), h is the actual height of that child, 𝑎̅=24 months, 𝑔̅ is the female, and H is the 
standardized height. 

To compute the standardized weight-for-height measure, we adopt a formula similar to that used 
in the case of standardized height-for-age. Appendix A provides an example for height-for-age 
and weight-for-height transformation. 

  

 

1 We use two anthropometric measures, namely, height-for-age and weight-for-height. Height-for-age is considered 

an appropriate indicator for child health status because it reflects general health status and represents the 
accumulation of episodes of poor nutrition or illness (Pradhan et al. 2003). On the other hand, weight-for-height is 
also a good outcome measure because it helps determine the short-term variations in nutrition. Moreover, as height-
for-age and weight-for-age are highly correlated across individuals, a more independent measure of the short-term 
nutritional achievement controlling for long-term nutrition is weight-for-height (Assaad et al. 2012). 
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3.2 Measuring and decomposing inequality 

Measuring inequality 

In the literature, a large number of inequality measures have been used intensively, including the 
Gini index, coefficient of variation, and decile ratio index. Nonetheless, few of these indices are 
decomposable into inequality within and between groups, hence allowing us to identify the 
contribution of inequality of opportunity to total inequality. This study, therefore, adopts the 
general entropy (GE) measures, which are additively decomposable inequality indices with a 
number of desirable theoretical properties (Duclos and Araar 2006). The GE class of measures 

relies on a parameterα, which captures the weight specified for distances between outcomes at 
different elements of the distribution of outcomes. 

Following Duclos and Araar (2006), the classes of GE for a distribution with a continuous 
outcome variable y can be described as follows: 

𝐺𝐸(𝛼)

{
 
 
 

 
 
 ∫ ln (

𝜇

𝑄(𝑝)
)𝑑𝑝

1

0

𝑖𝑓𝛼 = 0                                                                         (3)

∫
𝑄(𝑝)

𝜇
ln (

𝑄(𝑝)

𝜇
)𝑑𝑝

1

0

𝑖𝑓𝛼 = 1                                                             (4)

1

𝛼(𝛼 − 1)
(∫ (

𝑄(𝑝)

𝜇
)

𝜃

𝑑𝑝 − 1  
1

0

) 𝑖𝑓𝛼 ≠ 0,1                                     (5)

 

where p is the percentage of population below a certain value of our outcome variable (y), µ is 
the mean of the distribution, y=Q(p) is the quantile function, and F(Q(p))=p. Moreover, Q(p) is 
the outcome level below which we find p (i.e. the proportion of the population). This captures 
the outcome level (e.g. height-for-age) of a person whose percentile in the population 
distribution is p (Duclos and Araar 2006). For instance, if the 50th percentile (median) value of 
this distribution is Q(0.5), then at ymax, the proportion of the population F(ymax)=1. 

The GE indices include GE(0), GE(1), and GE(2), where each one determines the degree of 
sensitivity of the index to differences in the outcome at different positions in the distribution 
(Duclos and Araar 2006). GE(0) or Theil’s L index can be interpreted as the mean logarithmic 
deviation between Q(p) and µ. Because of the logarithmic transformation, it places more weight 
on divergences from the mean at the lower parts of the distribution. Compared with other 
decomposable inequality indices, GE(0) is the only measure considered to be path independent, 
indicating that the result of the decomposition is the same whether the direct or the residual 
method is adopted. On the other hand, GE(1), or Theil’s T index, can be computed by 
multiplying what is inside the integral by Q(p)/µ. Finally, the GE(2) index is computed as a half 
square of the coefficient of variation (SD/μ). GE(2) places more weight on deviations at higher 
parts of the distribution. For the purpose of comparison, we compute all GE classes, namely, 
GE(0), GE(1), and GE(2). 

Decomposing inequality 

After measuring total inequality, the next step is to decompose the total inequality into within- 
and between-group inequality. Groups (types) refers to the collection of individuals with 
identical combination of circumstances. That is, children with the same observable circumstances 
C are grouped in the same type k. Hence, decomposing inequality allows us to split the observed 
inequality into a between-type inequality and a within-type inequality. Based on Roemer’s 
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framework, the share of between-type inequality to total inequality is our measure of inequality 
of opportunity. With k types, we decompose inequality as follows: 

𝐺𝐸(𝛼) = ∑ ∅(𝑘) (
𝜇𝑘

𝜇
)
∅

𝐺𝐸(𝐾; 𝛼) + 𝐺̅𝐸̅(𝛼)𝐾
𝑘=1  (6) 

where (k) denotes the fraction of the population in type k, µk is the mean height or weight of 
type k, and GE(K;α) is the GE index of type k. The first part on the right-hand side of Equation 

(6) reflects within-group inequality, whereas 𝐺̅𝐸̅(α) captures the between-group component of 
inequality. 

The path of decomposition 

To measure the share of inequality of opportunity (i.e. between-type inequality) we can use either 
direct or residual method depending on the path of the decomposition, which relies on whether 
smoothed or standardized distribution is adopted. As explained in Equations (7) and (8), the 

smoothed distribution {𝜇𝑖
𝑘} highlights the between-group variations by substituting the mean of 

each type 𝜇𝑘 for 𝑦𝑖
𝑘and the standardized distribution { 𝑣𝑖

𝑘} reflects within-group variations by 

replacing each 𝑦𝑖
𝑘 with 𝑣𝑖

𝑘=𝑦𝑖
𝑘 𝜇

𝜇𝑘
. Following Ferreira et al.’s (2011) framework, the direct and 

residual measures of the share of inequality of opportunity can be specified by: 

𝜃𝑑 = 𝐼({𝜇𝑖
𝑘}) 𝐼({𝑦𝑖

𝑘})⁄  (7) 

𝜃𝑟 = 1 − 𝐼({𝑣𝑖
𝑘}) 𝐼({𝑦𝑖

𝑘})⁄  (8) 

Equation (7) reflects the ratio of inequality in the smoothed distribution to the total inequality, 
which provides between-group inequality (i.e. the direct method). Equation (8) captures the 
residual method of computing between-group inequality, which is equal to one minus the ratio 
of inequality in the standardized distribution to the total inequality. This is the non-parametric 
type approach, developed by Checchi and Peragine (2010), which splits the population into 
groups by circumstance categories, with the members of each group, called type, consisting of 
individuals with identical circumstances.2 Alternatively, in the case of the parametric approach, 
we adopt the regression model to control for circumstances and predict the value of smoothed 
and standardized distribution parametrically. 

Parametric and non-parametric methods 

To decompose the inequality measures, this study adopts both parametric and non-parametric 
methods for the purpose of comparison and robustness check. While the parametric method 
uses regression to link the observed circumstances to the outcome of interest, the non-
parametric method measures the differences in outcome across the k circumstance groups (types). 

 

2 The disadvantage of the type approach is that with any realistic group of circumstances the number of cells K will 

become so large that the cell sizes would be inappropriate to obtain reliable estimates of the inequality measures. 
Hence, the main drawback of the non-parametric approach is that it requires large datasets. The greater the set of 
circumstances, the higher the number of cells in the partition and the higher the number of cells with zero or few 
observations. Moreover, this approach does not allow estimating partial effects of circumstances (Belhaj Hassine 
2011). 
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Due to the lack of a large dataset we use only the type specification of non-parametric 
decomposition.3 

The parametric approach postulates a parametric equation that relates outcome variable y to a 
vector of observed circumstances C. Therefore, the parametric model can be described as 
follows: 

𝑦𝑖 = 𝐶𝑖𝛾 + 𝜀𝑖 (9) 

Based on the vector of estimated coefficients (), the smoothed distribution can be estimated as 
follows: 

𝑍̃̂𝑖 = 𝐶𝑖𝛾 (10) 

where 𝑍̃̂𝑖 is the predicted value of y based on the estimated coefficients of Equation (10). This 
smoothed distribution relies only on the set of circumstances Ci, hence removing any within-type 
variability and keeping only between-type inequality. This also generates the direct parametric 

estimate of the contribution of inequality of opportunity d as in Equation (7) by substituting 𝑍̃̂𝑖 

for 𝜇𝑖
𝑘. 

On the other hand, the standardized distribution based on the residual method can be estimated 
as follows: 

𝑦̃̂𝑖 = 𝐶𝑖̅𝛾 + 𝜀𝑖̂ (11) 

where 𝐶̅ is the vector mean of circumstances. Because differences in circumstances are 
controlled for, the remaining variability is entirely within-group inequality. Therefore, the residual 

parametric estimate of the share of inequality of opportunity r can be calculated as revealed in 

Equation (8) by substituting 𝑦̃̂𝑖 for 𝜇𝑖
𝑘 (Ferreira and Gignoux 2008). 

The main advantage of parametric estimation is the possibility to determine the partial share of a 
group of circumstances such as parents’ education and gender in inequality of opportunity. To 
compute the partial effect of a particular circumstance M, we can use the following standardized 
distribution model: 

𝑦̃̂𝑖
𝑀 = 𝐶̅𝑀𝛾𝑀 + 𝐶𝑖

𝑚≠𝑀𝛾𝑚≠𝑀 + 𝛿𝑖 (12) 

This enables us to estimate the variation due to circumstance M while keeping the difference that 
emerges from other unobservable circumstances. Thus, the share of inequality due to 
circumstance M can be set as follows: 

𝜃𝑟
𝑀 = 1 − 𝐼({𝑦̃̂𝑖

𝑀}) 𝐼({𝑦𝑖})⁄  (13) 

The non-parametric method also applies both direct and residual methods of estimating 
inequality of opportunity. The direct measure is captured by the ratio of inequality of a smoothed 
distribution across types over total inequality, as in Equation (7). Likewise, a residual measure of 

 

3 Another approach of non-parametric analysis is the tranche method, but it cannot be applied in the present study 

due to smallness of dataset, particularly for the cross-region analysis. 
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the share of inequality of opportunity is computed by the standardized distribution {𝑣𝑖
𝑘} across 

all types, as in Equation (8).4 

3.3 Data 

Data for this study are sourced from the 2014 MICS, a nationally representative, cross-sectional, 
household survey. The survey is carried out by the Central Bureau of Statistics in Sudan, as part 
of a broader international household survey designed and implemented by the United Nations 
Children’s Fund. The MICS includes anthropometric information (i.e. height and weight) for 
children under five and contains detailed information on health, social and economic 
circumstances of women, children and other household member characteristics that are needed 
in this study. The analysis in this research focuses on a sample of 12,923 children under five. 

Circumstance variables 

Circumstance variables include those variables that might determine early childhood access to 
good health. Following the recent literature on child health production and inequality (e.g. 
Assaad et al. 2012; Krafft 2015; Pradhan et al. 2003; Blau et al. 1996; Kabubo-Mariara et al. 
2008), the circumstance variables used in our analysis are categorized into five groups, namely, 
parents’ education, parental wealth, geographic regions, public services, and demographic 
characteristics. Parents’ education includes the education level of both mothers and fathers, while 
parental wealth involves the quintiles of household wealth. Regional variables consist of the main 
geographic zones of Sudan (Khartoum, Central, Northern, Eastern, Kordofan, and Darfur) and 
the residence location (i.e. urban/rural). Public services include access to clean water and 
improved sanitation services. Finally, the demographic characteristics consist of childbirth and 
mother’s characteristics, such as order of the child in the household, whether the child is a twin 
or single, the sex of the child, and the mother’s age. All these variables reflect conditions and 
behaviours that are largely beyond a child’s control. The summary statistics of these variables are 
presented in Appendix B. 

4 Empirical results and discussion 

This section is divided into two sub-sections. Sub-section 4.1 reports some descriptive statistics 
about child nutritional status in Sudan. Sub-section 4.2 presents empirical results pertaining to 
measurement and decomposition of inequality of opportunity in child health outcome across 
national and regional levels. 

4.1 Child malnutrition in Sudan: an overview 

To understand child nutritional status in Sudan, this section examines the three main nutritional 
indicators, namely, stunting, underweight and wasting, for children under five by region and 
gender. Stunting, underweight, and wasting are defined as having, respectively, a height-for-age, 
weight-for-age, and weight-for-height z-scores that are below two standard deviations from the 
median of the relevant CDC’s healthy child reference distribution. Figure 1 presents the 

 

4 In practice, producing standard errors for the estimated inequality indices and decompositions is not automatic. 

We therefore depend on bootstrapped standard errors, following the example of Ferreira and Gignoux (2008). This 
is done by estimating standard errors from the distribution of estimated inequality indices, which themselves are 
estimated from multiple sub-samples with a given number of replications. We used 300 replications to obtain the 
sub-samples. 
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anthropometric measures of children by region. The figure indicates that there is a regional 
disparity in child health, as those residing in rural areas are more underweight, stunted, and 
wasted than those living in urban areas. The prevalence of underweight is 23.2 per cent in urban 
areas and 37.1 per cent in rural areas. About 17.4 per cent of children living in rural areas are 
stunted compared with 13.4 per cent in urban areas. In addition, the difference in prevalence of 
child stunting between rural (42.9 per cent) and urban (27.1 per cent) areas is very wide. 
Regarding nutritional indicators at the national level, the figure indicates that about 38.2, 33, and 
16.3 per cent of the total number of children under five are stunted, underweight, and wasted, 
respectively. This implies a high prevalence of poor nutritional status among children under five 
in Sudan. 

Figure1: Nutritional status of children under five by place of residence in Sudan (%) 

 

Source: The 2014 MICS in Sudan (see Central Bureau of Statistics 2016). 

To understand the situation of child health across geographic zones in Sudan, Figure 2 plots the 
three nutritional indicators by the main geographic regions. The figure depicts that Khartoum 
and the Northern region have lower percentages of malnutrition indicators. Expectedly, the 
Eastern region reports the highest percentages of stunting and underweight compared with other 
regions, exceeding the national level. Darfur is ranked second after the Eastern region in terms 
of poor nutritional status. The high incidence of undernutrition in the Eastern region and Darfur 
can be explained by the high rate of poverty and inequality in these regions. Moreover, Darfur 
suffers from long civil conflict and disadvantaged economic situations. 

Figure 2: Nutritional status of children under five by geographic regions in Sudan (%) 

 

Source: The 2014 MICS in Sudan (see Central Bureau of Statistics 2016). 
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Finally, Figure 3 presents the child nutritional status by gender. The figure shows that boys are 
more exposed to nutritional problems than girls. In all indicators male children exhibit higher 
incidence of nutritional deficiencies. These findings are in line with the findings documented in 
other studies in Sub-Saharan Africa, which report lower stunting rates for girls than for boys (e.g. 
Wamani et al. 2007). 

Figure 3: Nutritional status of children under five by gender in Sudan (%) 

 

Source: The 2014 MICS in Sudan (see Central Bureau of Statistics 2016). 

Regarding the descriptive statistics of the circumstances used in the analysis, Appendix B 
describes the summary statistics of circumstance variables. The high standard deviation of 
standardized height and weight-for-height implies a high disparity in nutritional status among 
children under five, confirming the results reported in Figures 1–3. The descriptive statistics also 
reveals that the average of secondary and higher education for both mothers and fathers is very 
low, indicating that most of the rural population has a lower level of educational attainment. The 
high mean of illiterates for both mothers and fathers also signifies the prevalence of illiteracy in 
Sudan. Interestingly, the summary statistics indicates that the mean of piped water and improved 
sanitation is very low, confirming the poor housing environment, which may affect child health 
status. 

4.2 Empirical results: Inequality measurement and decomposition 

This section presents the results of estimating and decomposing inequality of opportunity in 
child health in Sudan. First, we present the results of total inequality and the contribution of 
inequality of opportunity to total inequality at both national and regional levels. Second, we 
report the results of contribution of each group of circumstances to inequality of opportunity. 
Finally, we present the simulation results of health outcome for the least- and most-advantaged 
children. 

Total inequality in child health outcome 

Table1 presents the results of estimated total inequality in standardized height-for-age and 
weight-for-height of children under five. The table reports the results of GE(0), GE(1), and 
GE(2) indices for the national level. For all general entropy indices, the estimated inequality in 
height-for-age (stunting) is higher than inequality in weight-for-height (wasting). The table also 
shows that all inequality measures are statistically significant at all significance levels. 
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Table 1: Total inequality: Height-for-age and weight-for-height at the national level 

Indicator  GE(0) GE(1) GE(2) 

Height-for age 0.0110*** 
(0.00017) 

0.0116*** 
(0.00017) 

0.0124*** 
(0.00018) 

Weight-for-height  0.00681*** 
(0.00022) 

0.00699*** 
(0.00024) 

0.00724*** 
(0.00026) 

Note: Standard errors in parentheses; *p<0.01, **p<0.05, ***p<0.001. 

Source: Author’s compilation based on the 2014 MICS in Sudan (see Central Bureau of Statistics 2016). 

Regarding total inequality in child health by gender of the child and place of residence, Table 2 
reports some variations in inequality for both height and weight-for-height. The table points out 
that while the overall inequality in child health for both male and female children exhibits the 
same pattern of inequality at the national level, inequality measures among male children are 
slightly higher than that among female counterparts. This finding confirms the disparity in 
nutritional status across gender as presented in the descriptive statistics section (Section 4.1). 
Moreover, the table shows that inequality in both height and weight-for-height in rural areas is 
higher than that in urban areas and at the national level. These findings confirm high disparity in 
child health across place of residences in Sudan. 

Table 2: Total inequality: Height-for-age and weight-for-height by gender and place of residence 

Indicator GE(0) GE(1) GE(2) GE(0) GE(1) GE(2) 

Gender of child Female Male 

Height-for-age  0.0109*** 
(0.0003) 

0.0115*** 
(0.0003) 

0.0123*** 
(0.0003) 

0.0110*** 
(0.0002) 

0.0116*** 
(0.0002) 

0.0125*** 
(0.0002) 

Weight-for-height  0.0064*** 
(0.0001) 

0.0066*** 
(0.0002) 

0.0068*** 
(0.0002) 

0.0069*** 
(0.0001) 

0.0071 
(0.0001) 

0.0074*** 
(0.0001) 

Place of residence Urban Rural 

Height-for-age  0.0093*** 
(0.0002) 

0.0099*** 
(0.0002) 

0.0106*** 
(0.0003) 

0.0115*** 
(0.0002) 

0.0122*** 
(0.0002) 

0.0131*** 
(0.0002) 

Weight-for-height  0.0065*** 
(0.0002) 

0.0066*** 
(0.0002) 

0.00686*** 
(0.0002) 

 

0.00681*** 
(0.00015) 

0.00699*** 
(0.00016) 

0.00724*** 
(0.00018) 

 

Note: Standard errors in parentheses; *p<0.01, **p<0.05, ***p<0.001. 

Source: Author’s compilation based on the 2014 MICS in Sudan (see Central Bureau of Statistics 2016). 

Table 3: Total inequality: Height-for-age and weight-for-height by geographic regions 

Indicator Height-for-age Weight-for-height 

 GE(0) GE(1) GE(2) GE(0) GE(1) GE(2) 

Khartoum 0.00447*** 
(0.00075) 

0.00476*** 
(0.00081) 

0.00511*** 
(0.00088) 

0.00494*** 
(0.00029) 

0.00491*** 
(0.00029) 

0.00492*** 
(0.00029) 

Northern 0.00684*** 
(0.00059) 

0.00722*** 
(0.00062) 

0.00771*** 
(0.00067) 

0.00623*** 
(0.00024) 

0.00631*** 
(0.00025) 

0.00646*** 
(0.00028) 

Central 0.00881*** 
(0.00050) 

0.00937*** 
(0.00053) 

0.0101*** 
(0.00057) 

0.00722*** 
(0.00025) 

0.00742*** 
(0.00027) 

0.00771*** 
(0.00030) 

Eastern 0.0135*** 
(0.00068) 

0.0142*** 
(0.00068) 

0.0152*** 
(0.00068) 

0.00760*** 
(0.00034) 

0.00780*** 
(0.00037) 

0.00809*** 
(0.00042) 

Kordofan 0.0138*** 
(0.00049) 

0.0145*** 
(0.00048) 

0.0153*** 
(0.00048) 

0.00684*** 
(0.00028) 

0.00700*** 
(0.00030) 

0.00723*** 
(0.00032) 

Darfur  0.0106*** 
(0.000187) 

0.0112*** 
(0.000192) 

0.0120*** 
(0.000199) 

0.00693*** 
(0.000117) 

0.00709*** 
(0.000127) 

0.00734*** 
(0.000142) 

Note: Standard errors in parentheses; *p<0.01, **p<0.05, ***p<0.001. 

Source: Author’s compilation based on the 2014 MICS in Sudan (see Central Bureau of Statistics 2016). 

To examine the pattern of child health inequality across regions, Table 3 presents the results of 
generalized entropy classes of inequality for the six geographic regions of Sudan. The results 
indicate that there is a remarkable variation in inequality measures across regions, signifying the 
geographic disparity in child health outcome in Sudan. The table shows that Khartoum has very 
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low inequality measures for both height and weight indicators. This can be justified by the fact 
that Khartoum is the more urbanized area in the country with low child malnutrition. However, 
the Eastern region, Kordofan, and Darfur report the highest inequality indictors for both height 
and weight. It is worth mentioning that these regions are home to a big portion of population 
who suffer from poverty, conflict, and food insecurity. This finding, therefore, implies that child 
health inequality is dominant in poor and conflict-affected regions. This result also confirms the 
large regional disparity in access to public services in Sudan. 

Contribution of inequality of opportunity: parametric and non-parametric specifications 

After measuring total inequality, the next step is to identify the contribution of inequality of 
opportunity (between-group inequality) to overall inequality. Because some circumstances are 
not observable due to lack of data, the share of inequality of opportunity that we measure must 
be interpreted as lower bound estimates, while unobserved factors are absorbed into the 
unexplained component, such as natural variations across children. 

Figure 4 shows the results of direct (d) and residual (r) measures of inequality using parametric 
and non-parametric approaches. The results are based on GE(0) class of generalized entropy 
measure. 

Figure 4: Share of inequality of opportunity to total inequality, GE(0) 

 

Source: Author's construction based on parametric and non-parametric specifications. 

As shown in Figure 4, the estimated share of inequality of opportunity in total inequality varies 
according to the method of inequality. The parametric method reports higher estimates of 
inequality of opportunity with both direct and residual approaches, whereas the non-parametric 
specification produces lower inequality estimates for both height and weight measures. For both 
parametric and non-parametric methods, the results in Figure 4 imply that inequality of 
opportunity has a significant contribution to total inequality in child health in Sudan. This 
finding is in line with previous studies (e.g. Assaad et al. 2012; Hussien and Ayele 2016). Since 
inequality of opportunity in child health is a result of circumstances that are out of a child’s 
control, these findings suggests that circumstances play an essential role in influencing inequality 
of opportunity in child health in Sudan. 

To examine the regional disparities in contribution of inequality of opportunity to total 
inequality, Table 4 presents the share of inequality of opportunity to total inequality across 
regions. Due to smallness of sample sizes across regions, we adopt only the parametric method 
in the regional analysis. The table shows that Khartoum has the highest share of inequality of 
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opportunity compared with other regions, using both direct and residual measures. This can be 
justified by the fact that since inequality of opportunity is attributed mainly to circumstances, 
Khartoum is home to the most well-off households with improved socioeconomic situation, 
hence circumstances contribute significantly to total inequality. However, for the other regions, 
the contribution of inequality of opportunity to total inequality is relatively low and varies across 
regions. This is because children in these regions live in unfortunate economic and social 
circumstances, as most of them belong to households with poor education and social 
background. This finding also confirms unequal circumstances across regions. 

Table 4: Share of inequality of opportunity to total inequality by region, GE(0) 

 Height-for-age Weight-for-height 

 Parametricr Parametric d Parametric r Parametric d 

Khartoum 0.0501*** 
(0.0112) 

0.0841*** 
(0.0260) 

0.0583** 
(0.0203) 

0.0618*** 
(0.0201) 

Northern 0.0543*** 
(0.0166) 

0.0705*** 
(0.0215) 

0.0643*** 
(0.0148) 

0.0607*** 
(0.0149) 

Central 0.0176** 
(0.0070) 

0.0378*** 
(0.0102) 

0.0152*** 
(0.0032) 

0.0200*** 
(0.0037) 

Eastern 0.00862*** 
(0.00020) 

0.0452*** 
(0.0103) 

0.0357*** 
(0.0070) 

0.0346*** 
(0.0080) 

Kordofan 0.00961 
(0.0067) 

0.0170** 
(0.0075) 

0.0154*** 
(0.0043) 

0.0189*** 
(0.0055) 

Darfur  0.0143*** 
(0.0023) 

0.0267*** 
(0.0038) 

0.0154*** 
(0.0027) 

0.0169*** 
(0.0030) 

Note: Standard errors in parentheses; *p<0.01, **p<0.05, ***p<0.001. 

Source: Author’s compilation based on GE(0) measure of inequality. 

Contribution of circumstance groups to inequality of opportunity 

For further insight into the contributors of inequality of opportunity in child health, we estimate 
the partial effect of circumstances in inequality of opportunity across national and regional levels. 
These results are derived from the parametric method, which enables measuring the contribution 
of individual or group of circumstances to inequality of opportunity. To focus our discussion on 
the main circumstance groups, we grouped circumstance variables with similar characteristics 
into five categories. We grouped father’s education and mother’s education as ‘parents’ 
education’, toilet facility and drinking water quality as ‘infrastructure’, residence and geographic 
region dummies as ‘region’, and wealth quintiles as ‘wealth’. Finally, we grouped the 
demographic characteristics of the child and the mother as ‘demographic factors’. 

The results in Figure 5 reveal that geographic location is the largest contributor to inequality of 
opportunity in height-for-age, signifying the role of regional disparity in inequality of 
opportunity. Parents’ education comes in second as the main driver of inequality in height. The 
figure also indicates that for weight-for-height, parents’ education accounts for the biggest 
contributor to inequality, whereas parental wealth is the second largest contributor to inequality 
of opportunity in weight-for-height. These findings imply that regional disparity and parents’ 
education are the predominant contributors to inequality of opportunity in child health in Sudan. 
Infrastructure and demographic factors are found to have small contribution to inequality of 
opportunity in both height and weight-for-height variables. These findings are consistent with 
previous studies (e.g. Assaad et al. 2012; Hussien and Ayele 2016;Amara and Jemmali 2017). 
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Figure 5: Partial effects of the contribution of different sets of circumstances to inequality of opportunity in 
standardized height and weight-for-height 

 

Source: Author’s construction based on GE(0) measure of inequality. 

Regarding the regional level, Figures 6 and 7 show the share of sets of circumstance in inequality 
of opportunity for height and weight-for-height, respectively. For inequality of opportunity in 
height, Figure 6 shows that there is high variation in the contribution of circumstances across 
regions. For example, in Khartoum, parental wealth is the largest contributor to inequality of 
opportunity in health, while for the other regions, parental wealth has less contribution. 
Interestingly, for most regions parents’ education is the second or third contributor to inequality 
in child health. For the Northern region and Kordofan, infrastructure is the largest share in 
inequality of opportunity in child health. In Darfur and the Central region, the urban/rural 
residence accounts for the biggest share in inequality of opportunity. 

Figure 6: Contribution of circumstances to inequality of opportunity in standardized height 

 

Source: Author’s construction based on GE(0) measure of inequality. 
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also reports a disparity in the contribution of other factors to inequality of opportunity in child 
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addressing inequality of opportunity requires special attention to distribution of public services 
across regions. 

Figure 7: Contribution of circumstances to inequality of opportunity in standardized weight-for-height 

 

Source: Author’s construction based on GE(0) measure of inequality. 

Most- and least-advantaged child simulations 

Finally, the simulation results of height and weight of children in terms of the circumstances for 
a least-advantaged child versus a most-advantaged child are presented in Figure 8. We used a 
variety of circumstance variables to simulate the impact of these circumstances on child height 
and weight-for-height. These simulations are based on the regression analyses of the two 
outcomes (i.e. height and weight) using the base parametric specifications. That is, the probability 
of an outcome, for instance, height-for-age, is predicted based on the coefficients from the 
standard regression and the circumstances of the child (least or most advantaged). The least-
advantaged child is one who lives in the poorest quintile of households in rural areas and whose 
mother and father have had no education. While the most-advantaged child is one who lives in 
the richest quintile of households in an urban area in the Khartoum region and whose parents 
have had higher education. This comparison enables us to measure the impact of multiple 
circumstances simultaneously on child health outcome. Figure 8 presents the predicted height 
and weight for most- and least-advantaged children. The figure reveals that there is an obvious 
gap between the most- and least-advantaged children in terms of both height and weight-for-
height, indicating that circumstances have an effective impact on child health outcome. 

Figure 8: Simulations of standardized height and weight-for-height for most- and least-advantaged children 

 

Source: Author’s construction based on simulation process. 
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5 Concluding remarks 

Motivated by the obvious disparity in child health outcome across regions in Sudan, this study 
examines inequality in child health outcome due to unequal circumstances. The study used the 
2014 MICS, measuring and decomposing inequality via parametric and non-parametric 
approaches. Taking a different approach from Roemer’s framework of inequality, we explain 
inequality of opportunity in child health by observable circumstances, while considering genetic 
variation and luck as residual inequality, which is not attributable to differences in opportunities. 

The study results show that there is high inequality in child health outcome in Sudan as expected. 
The results also indicate high variations in health inequality across regions, and the estimated 
share of inequality of opportunity in total inequality is substantial and varies across regions. 
Moreover, circumstances are found to contribute significantly to inequality of opportunity in 
child health, but their effects vary across regions as well. Specifically, parental wealth, geographic 
region, and parents’ education represent primary factors contributing to inequality of opportunity 
in both height-for-age and weight-for-height. Therefore, unequal distribution of household 
wealth and education across regions plays a critical role in inequality in child health outcome. 
Thus, we conclude that child health outcome is dependent on the region where a child lives, 
parental wealth, and parents’ education. However, infrastructure and demographic factors have 
less impact on inequality of opportunity. Finally, to assess differences between the best and 
worst circumstances, we used the parametric estimates of the effects of circumstances on child 
health outcome to simulate height and weight outcomes for a most- and least-advantaged child. 
The simulation results reveal a considerable gap between the most- and least-advantaged group 
particularly in height outcome, signifying the importance of circumstances in health inequality. 

In light of the above findings, serious interventions should be adopted to reduce inequality of 
opportunity in child health in Sudan. Circumstances that are causing inequality of opportunity 
should gain more attention. Specifically, measures that reduce wealth inequality and improve 
access to public health and services, such as education and clean water, should be on the top of 
policy agendas. Considering the high inequality of opportunity within poor and conflict-affected 
regions, special attention should be paid to equal distribution of public services across regions to 
enhance fair chances for child health within and between regions. 

This study has some limitations. First, other potential factors (circumstances) affecting inequality 
of opportunity in child health may exist, which we were unable to investigate due to lack of data. 
For example, the distance to healthcare facilities may influence the provision of healthcare, hence 
resulting in disparities in child health. Thus, our results are likely a lower bound on the true 
inequality of opportunity. The actual estimates would be much higher if data for more 
circumstance variables were available and if other indicators of economic welfare, such as 
household income and parents’ occupation, were included in the analysis. Second, the data we 
used were drawn from the 2014 MICS (Central Bureau of Statistics 2016), which is the only 
available survey of such type; hence unavailability of other MICS prevented us from investigating 
the trend of inequality of opportunity over time. 
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Appendix A: Example for height-for-age and weight-for-height transformation 

Table A1shows an example for the process of transforming height-for-age and weight-for-height 
into standardized values. From the MICS data we observe a 52-month-old male who is 97.7 cm 
in height. Using the 2000 CDC growth charts for a 52-month-old male (Kuczmarski et al. 2002), 

we calculate his z-score to be −1.56. We then use this relative position to determine what his 
height would be if he were a 24-month-old female, which is 83.6 cm. This 52-month-old male 
with a height of 97.7 cm thus maintains his relative position but has a standardized height that 
can be compared with standardized heights for other children at different ages and sex. 

Table A1: Height-for-age and weight-for-height transformation example 

 z-score z-score Standardized 
height/weight 

Original height for a 52-month-old male: 97.7 cm  −1.56 −1.56 83.6 cm 

    
Weight for a male with a height of 100 cm: 13 kg −1.70 −1.70 8.9 kg 

Source: Author’s compilation based on the 2014 MICS in Sudan (see Central Bureau of Statistics 2016). 
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Appendix B: Descriptive statistics of variables used in the analysis 

Table B1: Descriptive statistics of variables used in the analysis 

Variable Definition Mean Standard 
deviation 

Nutritional indicators  
 Standardized HAZ Standardized height-for-age measure  85.8085 12.5344 
 Standardized WHZ Standardized height-for-weight measure  10.8412 1.2965 
Mother’s education  
 No education 1=if mother is illiterate  0.4375 0.4961 
 Primary 1=if mother completed primary level  0.3467 0.4760 
 Secondary 1=if mother completed secondary level 0.1534 0.3604 
 High 1=if mother completed high education level 0.0623 0.2417 
Father’s education 
 No education 1=if father is illiterate  0.4150 0.4927 
 Primary 1=if father completed primary level  0.3268 0.4691 
 Secondary 1=if father completed secondary level 0.1911 0.3932 
 High 1=if father completed high education level 0.0671 0.2502 
Wealth quintile  
 Poorest 1=if child belong to a poorest household  0.2033 0.4025 
 Poorer 1=if child belong to a poor household  0.2491 0.4325 
 Middle  1=if child belong to a middle-class household  0.2300 0.4208 
 Richer 1=if child belong to a rich household  0.1684 0.3742 
 Richest  1=if child belong to a richest household  0.1379 0.3448 
Region 
 Khartoum  1=if reside in Khartoum region and 0=otherwise 0.0532 0.2244 
 Central 1=if reside in the Central region and 0=otherwise 0.2639 0.4407 
 Northern 1=if reside in the Northern region and 0=otherwise 0.0851 0.2791 
 Eastern 1=if reside in the Eastern region and 0=otherwise 0.1445 0.3516 
 Kordofan 1=if reside in Kordofan and 0=otherwise 0.1759 0.3807 
 Darfur 1=if reside in Darfur and 0=otherwise 0.0532 0.2244 
Residence 
 Urban 1=if reside in urban region 0.2896 0.4536 
 Rural  1=if reside in rural region 0.7184 0.4497 
Infrastructure/public services  
 Piped water 1=if household has access to piped water and 

0=otherwise 
0.2853 0.4516 

 Public water 1=if household has access to public water and 
0=otherwise 

0.2941 0.4557 

 Water: other  1=if household has no access to safe water and 
0=otherwise 

0.4206 0.4937 

 Flush toilet  1=household has flushed toilet and 0=otherwise 0.0660 0.2483 
 Pit toilet  1=household has pit toilet and 0=otherwise 0.5859 0.4926 
 Toilet: other 1=household has no safe toilet and 0=otherwise 0.3481 0.4764 
Demographic factors  
 Twin birth 1=if the child is twin and 0=otherwise 0.0316 0.1751 
 Mother age Age of mother in years  28.4145 7.4720 
 Birth order  Birth order  2.5287 0.9618 
 Child sex 1=if child is female  0.4865 0.4998 

Source: Author’s compilation based on the 2014 MICS in Sudan (see Central Bureau of Statistics 2016). 


