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Abstract
This paper investigates the causal effect of agricultural landholding on child nutritional 
status in rural Sudan, using the 2014 Multiple Indicator Cluster Survey (MICS). Adopting 
propensity score matching (PSM) and instrumental variable (IV) techniques, the 
paper indicates that landholding significantly reduces child malnutrition for the 
full and female samples, implying that for children whose families have access to 
agricultural land, there is a reduced likelihood that they would be exposed to child 
nutrition problems such as stunting and underweight. For the male sample, the 
results reveal that agricultural landholding plays no significant role in improving the 
nutritional outcome of male children. This finding implies a gender disparity in the 
effect of landholding on children nutritional situation, as girls benefit significantly 
from agricultural landholding compared to boys. Therefore, policies that support land 
reform and a fair distribution of land would be a crucial part of a strategy to reduce 
the malnutrition of children under five in rural Sudan.
  
Key Words: Agricultural land, Child nutritional status, Sudan, Africa

JEL: Q15, Q18, J13 
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1

1.	 Introduction
It is well documented that access to agricultural land is a key factor for reducing 
hunger and poverty, improving food security and promoting the nutrition situation 
in poor agrarian communities (International Food Policy Research Institute, IFPRI, 
2011; Besley and Burgess, 2000). Landholding enhances agricultural production and, 
consequently, increases food availability and consumption, which improves the 
nutritional status of household members. The unequal distribution of land among 
the population may negatively affect agricultural production, thereby reducing the 
population’s access to food, especially children, and eventually worsening their 
nutritional status. Therefore, the issue of land reform has gained considerable 
attention from governments of developing countries to enhance the role of agriculture 
in food and nutrition security.

Like other countries in sub-Saharan Africa, child malnutrition is a widespread 
phenomenon in Sudan, particularly in rural areas, where agriculture is the primary 
source of livelihood. The recent statistics of the 2014 Multiple Indicator Cluster Survey 
(MICS) indicates that Sudan suffers from a high prevalence of child malnutrition, as 
about one third (33%) of children under five are underweight, approximately two in five 
(38.2%) are stunted (too short for their age), and one in six (16.3%) children under five 
is wasted (too thin for their height). Regarding the gender variation in undernutrition, 
the MICS (2014) reports that male children are slightly more underweight, stunted, 
and wasted than female children. The same report also indicates regional inequality 
among children, as those residing in rural areas are more underweight and wasted. 

The agricultural land in Sudan is unevenly distributed among the rural population 
and only a small segment of the population owns the bulk of the land while the 
majority of poor households possess very small plots (Elhadary, 2010). This is mainly 
due to a volatile land tenure system, as the country adopted many land acts after 
independence that deprived poor households from access to land (Elhadary and 
Abdelatti, 2016). Moreover, in the last decades the country witnessed a huge wave of 
land grabbing by other countries as the government allowed companies from many 
Arab countries to acquire land on an unprecedented scale (Babiker, 2013; Elhadary 
and Abdelatti, 2016). Thus, the uncertain and volatile land tenure system is one of key 
the constraints for agricultural productivity and food security in Sudan. The lack of 
land rights limits access to formal credit for the vast majority of farmers because land 
is used as collateral. The constrained access to land by rural households, coupled with 
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the high prevalence of child malnutrition in Sudan, makes the effect of landholding 
on child nutritional status an important area of research that has been overlooked 
by the current literature on child nutrition. 

Based on the above background, many questions related to this study can be 
raised, including the following: What is the impact of agricultural land ownership on 
child nutritional status in Sudan? To what extent does the effect of land ownership 
vary between male and female children? The study fills an important gap in the 
Sudanese literature as, to the best of our knowledge, this is the first study on this issue 
using microdata. This study is also timely, relevant, and seems to be consistent with 
the United Nations Sustainable Development Goals (SDGs) to be achieved by 2030 
(specifically Goal 2: Zero hunger, and Goal 10: Reducing inequality).  

This study uses the 2014 Multiple Indicator Cluster Survey. To control for the 
problems of selection bias and possible endogeneity, the study adopts propensity 
score matching (PSM) and instrumental variables (IV) techniques. The results of the 
paper reveal that agricultural landholding significantly reduces child malnutrition for 
the full and female samples, implying that for children whose families have access to 
agricultural land, there is a reduced likelihood that they would be exposed to child 
nutrition problems such as stunting and underweight. The remainder of the paper 
is organized as follows: Section 2 outlines the conceptual framework and reviews 
the empirical literature on the linkage between agricultural landholding and child 
nutritional status, Section 3 presents the data and research methodology, Section 
4 discusses the empirical results and main findings, and Section 5 provides the 
conclusion and some policy implications.
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2.	 Conceptual framework and 
literature review

It is well documented that access to land first leads to investment in inputs, which could 
lead to increase in land productivity and an increase in income and, finally, improved 
child nutritional status. Figure 1 shows the pathways through which agricultural land 
ownership is expected to influence child nutritional status. Agricultural landholding 
encourages farmers to increase production, as land rights in many countries are used 
as collateral for credit and the adoption of advanced production technologies. The 
figure shows that there are two pathways through which landholding could affect 
child nutritional status. The first pathway reflects the direct route where access to 
land by households leads to an increase in production and, consequently, increased 
food availability and consumption that improves the nutritional status of household 
members. Many empirical studies indicate that increasing the household calorie 
intake reduces nutritional stunting in young children (e.g., Bloss et al., 2004; El 
Taguri et al., 2009;; Tiwari et al., 2013; Asfaw et al., 2015). Bouis et al. (1990) found 
that providing landless households in the Philippines with land resulted in some 
improvement in preschool children’s nutritional status. However, for households that 
already owned land, the nutritional status of young children did not improve with 
an increase in income. In addition, in some agricultural production setting where 
production is primarily commercial rather than subsistence, some of the food is likely 
to be consumed at home, thus often improving dietary intake. Therefore, most of the 
existing evidence suggests that access to land has a direct positive and significant 
nutrition impact that occurs because household members regularly consume the 
food commodity being produced. 

The second pathway involves the indirect route through which agricultural 
landholding affects child nutritional status. That is, access of households to land rights 
is expected to increase household income through the sale of surplus of production 
which, in turn, translates into increased food expenditure on high calorie and protein-
rich foods, eventually leading to an improvement in child nutritional status (IFPRI, 
2011;). In other words, an increase in agricultural production through access to land 
positively contributes to national economic growth, which might increase population 
income and improve access to healthcare and education. Therefore, agricultural 
landholding improves child nutritional status through enhancing the economic and 
educational status of households. As indicated in the figure, these two factors affect 
nutritional status through several channels, including: purchasing power, nutritional 

3
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behaviours and dietary diversity knowledge. Therefore, the two pathways work 
together and enhance each other making agricultural landholding a crucial factor for 
increasing food intake and, in turn, the nutritional status of households.

 
Figure 1:	 Pathways of effect of agricultural landholding on child nutritional status

   

Child 
nutritional 

status 

Direct access to food  Access to agricultural land  

 

Economic status 

Educational status  

Purchasing power 
of food, nutrition 
behaviours; 
dietary diversity 
knowledge  

Source: Adapted from Gillespie et al. (2012).

Despite the clear theoretical link between farming land ownership and nutritional 
status, there is a dearth of empirical studies on this issue in Africa, which may be 
attributed to the scarcity of household surveys. However, a wide range of empirical 
literature has documented the link between agricultural landholding and nutrition 
in developing countries (The World Bank, 2007; Gillespie et al., 2012; Kadiyala et 
al., 2011). Some studies provide explanations for the widely accepted relationship 
between agricultural landholding and food security. For example, Rammohan and 
Prichard (2014) show that land is often the most important physical productive 
asset available to rural households, and returns from land account for a substantial 
proportion of household income. Land ownership allows households to generate 
income to fund both current consumption and investment activities, smooth 
consumption inter-temporally (as land can be used as collateral to access financial 
credit markets), and insure against idiosyncratic shocks due to ill health and adverse 
weather conditions. Furthermore, access to land and security of tenure is often key 
to having control over major decisions such as what crops to grow, what techniques 
to use, and the decision about what to consume and what to sell. 

Earlier studies in the literature discussed the relationship between access to land 
and undernutrition. For example, Levinson (1974) finds that 54% of the children of 
landless labourers are moderately or severely malnourished, compared to less than 
39% of landowners’ children in one of the areas of Punjab. The FAO (1982) shows that 
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gross consumption, and calorie and protein intake are increasing with the increase in 
farm size in Bangladesh. Some studies find similar results in the Philippines, Kenya, 
Haiti and Peru. Maharajan et al. (2006) find that land distribution (both quantity and 
quality) is a major factor responsible for maintaining household food security in Nepal. 
Babatunde and Qaim (2010) argue that farm size positively contributes not only to food 
security but also to farm income which, in turn, helps to improve nutrition security. 
Some studies find similar results in China, Ethiopia, and Uganda (Li and Brandt, 1998; 
Deininger, 2003; Deininger et al., 2008; Kyomughisha, 2008). Some studies indicate 
that the loss of agricultural land is indicated as the main reason for the massive 
undernutrition-related deaths in India; for example, the death of 200 children due to 
malnutrition among the tribal population of Attappady, Kerala (Manikandan, 2014). 
Savath et al. (2014) highlight the importance of land as an essential asset for rural 
livelihoods and nutrition security because of its importance for paving the way for the 
wellbeing of households. Santos et al. (2013) indicate that land rights have a direct 
link to increased food production and food security of the households. Kadiyala et al. 
(2011) support the argument regarding the linkage between agriculture landholding 
and nutrition. They argue that extending more land rights to women and increasing 
their participation in agriculture in rural areas is essential to India’s nutrition security. 
Fan et al. (2012) show that targeting the safety nets by providing productive assets 
like land to [households] is important for the nutrition security of the households. 
Santos et al. (2013) find that land allocation has an impact on a range of outcomes 
that are expected to lead to future food security in West Bengal, India. Ownership of 
agricultural land and engagement in related activities makes access to food easier and 
ensures food security, which is strongly linked to nutritional outcomes, it therefore 
also becomes an important determinant of nutrition.1   

Siddiqui et al. (2017) examined the linkages between ownership of households’ 
agricultural landholding and child nutritional status in rural India. They find that 
land continues to be a critical determinant of the socioeconomic position of a family 
in rural India, and also a critical determinant of food security and the nutritional 
status of the household. They show that households’ agricultural landholding and 
engagement in related activities affect nutritional status both directly and indirectly, 
which means that it not only affects direct access to food and diversity in food intake, 
but also economic and educational status. They find that children in households with 
larger agricultural landholdings are in an advantageous position compared to those 
in households with no landholding or marginal landholding. They also find that the 
proportion of stunted and underweight children decreased with an increase in the 
size of households’ agricultural landholding in rural India.2  

Despite increasing recognition of the association between agricultural landholding 
and food security, there are two important observations related to the relationship 
between food, nutrition and land. First, agricultural landholdings do not always shield 
households from food insecurity as average farm sizes have been steadily declining 
across many developing countries (Eastwood et al., 2010) and in many cases are 
below the minimum threshold for household provisioning. These households may 
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need to diversify their collective sources of livelihood into the non-farm sector if they 
are to make ends meet. Second, the diversity of livelihood among rural households 
indicates a range of responses to food insecurity. However, a household’s ability to 
cope with and withstand adverse economic shocks depends on its capabilities to 
utilize and adapt its assets (including the “five capitals”: physical, human, financial, 
social and natural capital) to altered circumstances.3  

The discussion has made clear that agricultural landholding plays an important 
role in improving food security in general, and in child nutrition in particular. 
Therefore, investigating the causal effect of land ownership on the nutritional status 
of children under five in Sudan will be crucial to understanding this neglected issue 
in the Sudanese literature. This also would provide more insight into the influence of 
a recent wave of land grabbing on child nutritional status.   
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3.	 Data and methodology
 
Data and variables 

The data for this study is sourced from the 2014 Sudanese Multiple Indicator 
Cluster Survey (MICS), a nationally representative household survey. The survey 
is carried out by the Central Bureau of Statistics (CBS) Sudan, as part of a broader 
international household survey designed by the United Nations Children's Fund 
(UNICEF). The survey covers 18,000 households, comprising 14,751 children under 
five years of age. The survey includes detailed information on the health, social 
and economic circumstances of women, children and other household members. 
The survey also covers child nutritional indicators as well as information on 
households’ assets and access to agricultural land. The analysis in this paper 
focusses on the sample of children under the age of five who reside in rural Sudan 
(10,753 children). 

In this study, the outcome variable is child nutritional status, measured by two 
anthropometric indicators, namely, height-for-age (HAZ) and weight-for-age (WAZ).4  
These indicators are computed in terms of standard deviation units (z-scores) from 
the median of the reference population. The estimates are based on the international 
reference population recommended by the World Health Organization (WHO, 2006). 
Children whose HAZ z-score is below minus two standard deviations (-2SD) from 
the median of the reference population are considered to be stunted (short for their 
age), while children with a WAZ z-score below -2SD from the median of the reference 
population are classified as underweight. Therefore, our outcome variables are 
binary taking the value of one if HAZ and WAZ are below –2SD from the median of 
the reference population for each nutrition category (i.e., stunted and underweight) 
and zero otherwise. 

Our core explanatory variable is landholding, which is represented by a binary 
variable indicating whether a household owns land for agricultural purposes. 
Following the recent literature on child nutrition (e.g., Rastogi and Dwivedi, 2014; 
Musa et al., 2014; Rashad and Sharaf, 2019), the analysis controls for several variables 
including child-level characteristics, and household and parental-level factors, along 
with other socioeconomic determinants related to child nutrition. We also use regional 
dummies to control for regional heterogeneity. The definition and descriptive statistics 
of variables used in the analysis are presented in the Appendix.5  

7
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Estimation strategy   

Estimating the causal effect of agricultural landholding on child nutrition 
confronts many methodological challenges that require appropriate estimation 
methods. First, restricting our analysis on households with a positive land size 
may lead to the well-known problem of sample selection bias as landholders 
are not randomly selected from the pool of households. Second, landholding is 
potentially endogenous due to reverse causality as households of undernourished 
children are less likely to have land rights. In addition, omitted variable bias is 
another reason for endogeneity, which indicates that there is still a third (or more) 
variable(s) which influence(s) land ownership status as well as child nutritional 
status at the same time. For example, if the household head is unemployed he/
she will contribute very little to the household income which, in turn, affects 
both child nutrition and household landholding status. Accordingly, conventional 
regression methods such as regular probit may result in biased estimators and 
only capture the simple correlation between landholding and child nutritional 
status. To address these methodological problems the study uses a propensity 
score matching (PSM) and instrumental variable estimation method (IV).

Propensity score matching

To tackle the selection bias problem, we first run a propensity score matching (PSM) 
analysis to mitigate for potential bias resulting from self-selection into landholding. 
PSM is often used in a programme evaluation setting, where the objective is to 
compare participant outcome with and without action/treatment. The PSM method 
first generates an index that summarizes the observable characteristics of the 
household into a propensity score index. The households are then divided into two 
groups: those who have access to agricultural land (treatment) and those who don’t 
(control) and they are ranked according to propensity score. Finally, households in 
the treated group can be matched and compared with households from the control 
group who have similar characteristics in every aspect except that they don’t have 
access to land. Based on the matching outcome, the PSM procedure compares the 
outcome between the treatment and control groups. Specifically, the propensity 
score (PS) could be specified as follows:

	 (1)

where  is the probability that a household i owns farming land (L = 1), conditional on 
all the observed characteristics (X) that can be used to balance potential confounding 
variables across the control group, consequently lowering any estimation bias. To 
calculate the propensity scores in Equation 1, we use a standard probit regression 
model, where the binary dependent variable represents the two alternatives that 
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we want to compare, i.e., households who own land and those that do not. Next, we 
match the treated and control groups with the same propensity scores.

In the literature, a number of matching methods have been adopted to match 
treated and control groups with similar propensity scores; these include the nearest 
neighbour, caliper and kernel matching methods. This study adopts the nearest 
neighbour and kernel matching methods for the purpose of robustness. Before 
recognizing the matching results, we need to check whether matching sufficiently 
eliminates any significant association between treatment status and covariates. 
We use t-tests to examine the differences between the treated and control group on 
each covariate (Rosenbaum and Rubin, 1985). We follow Ho et al. (2007) in adopting 
the rule of thumb that the normalized difference should be no more than 25% of the 
standard deviation for the sample to be considered balanced on observables. We also 
compare the pseudo R-squared and likelihood ratio tests before and after matching, 
which indicates how well the covariates explain the treated effect. 

Instrumental variable method 

Although PSM can address the problem of selection bias, it relies on an assumption 
that all selection bias is found in the observable characteristics (Becker and Ichino, 
2002; Rosenbaum and Rubin, 1983). This assumption indicates that PSM only accounts 
for observed covariates, while factors that cannot be observed cannot be accounted for 
in the matching process. Therefore, we adopted an additional identification strategy, 
which is an instrumental variable (IV) two-stage least-squares (2SLS) approach. 

For the purpose of comparison, we first estimate the probit equation as a baseline 
model that does not address the endogeneity problem. Following previous literature 
on the factors that influence child nutritional status (e.g., Rashad and Sharaf, 2019; 
Rastogi and Dwivedi, 2014; Musa et al., 2014; Slavchevska, 2015) the basic probit model 
that describes the impact of landholding on nutrition outcomes can be specified as 
follows:

 
 

	 (2)
 

where N is a certain nutrition outcome (binary) variable understudy for child j born 
to household i. Pr is the probability,  is a cumulative distribution function (CDF) 
of the normal distribution,  is a vector of unknown parameters and E denotes the 
vector of the explanatory variables, which involve control variables in addition to 
our key independent variable (landholding). However, the probit model may result 
in bias estimators due to potential endogeneity, as previously explained. To address 
this methodological problem, we adopt the two-stage least-squares IV estimation 
approach (2SLS-IV). 

In the first-stage equation, we use a variable that represents landholding as a linear 
function of a vector of exogenous variables (e.g., the vector of control variables and 
instrumental variables) and then use its predicted value in the second equation of 
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nutritional status. Thus, the first equation in the form of a two-stage least-squares 
model (2SLS) can be written as follows:

 

 	 (3)

  is the landholding, which is a function of a vector of exogenous variables (

); instrumental variable ( ); and   is the disturbance term. The predicted value 

of  from Equation 3 is included in Equation 4 as a second-stage regression.
 

 	 (4)

Choosing an appropriate IV is a challenging task. The aim is to find a variable that 
affects the landholding but not the child nutritional status directly. We instrument 
access to land by the cluster average of land size. It is worth mentioning that the 2014 
MICS survey divided its sample into clusters: villages in rural areas and districts in urban 
areas. The intuition behind using the cluster average of land size as an instrumental 
variable is that it reflects landholding opportunities in the living area and, more 
importantly, it shows the effectiveness of the local land market. Therefore, one can 
argue that living in a village where a significant segment of farmers own agricultural 
land will increase landholding opportunities. 

The validity of the cluster average of land size as IV must be strongly associated 
( ) with the land size (e.g., endogenous variable) and is exogenous in our 
basic model. The validity of the instrument will be tested using the Cragg–Donald 
(Cragg and Donald, 1993) and Wald F-tests for weak instruments. Moreover, the 
cluster average of land size is likely to influence child nutrition exclusively through 
landholding,  (i.e., exogenous), and has no independent effect on 
child nutritional status, as land ownership is based on economic status.

As our two dependent variables (i.e., outcome and the potentially endogenous 
variable) are binary, the appropriate method of estimation is a bivariate probit model 
(i.e., biprobit command in Stata). However, using a bivariate probit model does not 
entail testing the validity of the instrument. Therefore, we adopt the ivprobit estimation 
procedure to examine the first-stage results and test whether the instrument is weak. 
Moreover, we account for clustering at the household level, as some households have 
multiple children who would have the same background characteristics; therefore, 
our standard error is also adjusted for that level of clustering.
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4.	 Empirical results and findings 
 

This section presents the empirical results and findings. The section is divided into 
two subsections: Subsection 4.1 reports some descriptive statistics about access to 
agricultural land and child nutritional status in rural Sudan, while subsection 4.2 
presents the estimation results of both PSM and IV estimation methods.

Descriptive statistics 

Figure 2 illustrates the distribution of agricultural landholding by region in rural Sudan. 
It reveals that the majority of rural households in Khartoum lack access to farming 
land, as about 88 per cent of the total rural population have no agricultural land. This 
can be explained by the fact that Khartoum is a more urbanized area and most of the 
existing agricultural land belongs to a small number of farmers and big companies. 
For the Kordofan and Darfur regions, Figure 2 indicates that most households have 
access to farming land, as agriculture is the main source of livelihood in these regions. 
Therefore, Figure 2 reflects a remarkable disparity in the distribution of agricultural 
land across regions in Sudan. Moreover, the figure points out that about 52 per cent 
of the rural population have access to farming land. This is relatively low as most 
of the rural population relies mainly on agriculture as their main source of income, 
hence, nearly half of the rural population lack access to agricultural land, which may 
intensify food and nutrition insecurity. 

Figure 2:	 Distribution of agricultural landholding by region, rural Sudan (%)

Source: Adapted from Sudan MICS, 2014.

11
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Regarding the distribution of agricultural land across wealth groups, Figure 3 
reports the decomposition of land ownership by wealth quintiles. The figure shows 
that the poorest and poorer group have limited access to agricultural land, while most 
of the richest households have access to land for agricultural purposes. This reflects 
the situation in rural Sudan as most agricultural land is concentrated in the hands 
of rich families, indicating high inequality in land distribution among wealth groups. 
These results seem consistent with the results of earlier studies in the Sudanese 
literature (e.g., Elhadary, 2010; Elhadary and Abdelatti, 2016).  

Figure 3:	 Access to agricultural land by wealth quintile, rural Sudan (%)

Source: Adapted from Sudan MICS, 2014.

Figure 4 presents the distribution of agricultural landholding by gender of head 
of household. It shows that more than half of households headed by a male own 
agricultural land. This statistic indicates that male-headed households are more likely 
to access farming land compared to their female counterparts. This could point to 
limitations on female ownership of agricultural land in rural Sudan. This is not surprising 
and can be explained by the prevalence of long-standing gender inequality in rural 
Sudan. These results might also relate to the limitations on landholding for females 
in rural Sudan, which is consistent with the many difficulties regarding land rights for 
women in many countries, as found in the international literature (see Allendorf, 2007).

Figure 4:	 Access to agricultural land by gender of household head, rural Sudan (%)

Source: Adapted from Sudan MICS, 2014.
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Concerning landholding inequality, Figure 5 reports the Gini coefficient of land 
size across regions. It illustrates high inequality in landholding at the national 
level, as indicated by a relatively high Gini coefficient (0.68). For the Northern and 
Central regions, the Gini indices are about 0.75 and 0.68, respectively. Overall, the 
Gini coefficients in all Sudanese regions are above 0.60, indicating high inequality in 
access to land. This finding implies that very high landholding inequality will most 
probably lead to high inequality in child nutritional status across regions. In addition, 
in view of the importance of agriculture as the main source of livelihood in rural 
Sudan, landholding inequality may deepen inequalities in other aspects of life such 
as income, labour participation and education in rural areas.

Figure 5:	 Gini coefficient of land inequality by region, rural Sudan (2014)

Source: Adapted from Sudan MICS, 2014.

To understand the child nutritional status in rural Sudan, Figure 6 depicts three nutrition 
indicators by region. It verifies the degree of poor nutrition as indicated by height-for-age 
(stunting), weight-for-age (underweight) and weight-for-height (wasting) data. Figure 6 
indicates that Khartoum and the Northern region report low percentages of nutrition 
indicators. As expected, the Eastern region reports the highest percentages of stunting and 
underweight children compared to other regions. Moreover, Darfur is ranked second after 
the Eastern region in terms of the unfortunate nutritional situation of children. The high 
incidence of stunting and underweight in the Eastern and Darfur regions can be explained 
by the high rate of poverty and inequality in these regions. Moreover, Darfur suffers from 
a long civil conflict and political instability. Regarding the child nutrition indicators for the 
whole sample, Figure 6 indicates that about 37 per cent, 30 per cent and 15 per cent of 
all children under five suffer from stunting, underweight and wasting, respectively. This 
implies a high prevalence of a poor nutritional situation among children under five in 
rural Sudan. These figures confirm the national statistics, which hold that rural children 
experience high incidences of poor nutrition. We realize the high prevalence and severity 
of stunting and underweight compared to wasting, which implies that the proportion of 
children under five who are at risk of stunting and underweight are nearly double the 
proportion who are at risk of wasting in rural Sudan.
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Figure 6:	 Nutrition indicators by region in rural Sudan (2014, %)

Source: Sudan MICS, 2014.

Figure 7 presents the child nutritional situation by sex of the child in rural Sudan. It  
shows that boys are more exposed to the incidence of nutrition problems compared to 
girls. That is, for all indicators, male children exhibit a high incidence of nutrition deficiency. 
These findings are in line with the those reported in other studies for sub-Saharan Africa, 
which indicate lower stunting rates for girls than for boys (e.g., Wamani et al., 2007).

Figure 7:	 Nutrition indicators by gender of child in rural Sudan (2014, %)

Source: Sudan MICS, 2014.

Econometrics results

Propensity score matching results 

As outlined in the methodology, before recognizing the matching results we first 
tested whether matching sufficiently eliminates any significant association between 
treatment status and covariates. We estimated the t-test for the equality of means of 
covariates within the estimated propensity score for the two samples (i.e., the treated 
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and control groups). The results of a balancing test show that before matching the 
groups are significantly different on several covariates and the normalized differences 
on many variables exceed 25%.6  However, after matching all significant differences (at 
the 0.01 level) on most variables were eliminated. For most covariates, the normalized 
difference (percentage bias) is well below 25%, indicating that the matched sample is 
well balanced on observables. This also means that before matching several variables 
exhibited statistically significant differences, while after matching the covariates 
were balanced. Overall, the balancing tests support the hypothesis that both groups 
have the same distribution in covariates after matching. Thus, the balancing tests 
indicate that the treated and control groups are well balanced and that bias from 
observables has been significantly reduced, which is an important perquisite for an 
efficient matching exercise. 

Having satisfied the balancing property, the next step is to match similar non-
landholding households to each landholding household based on a set of covariates. 
If landholding and non-landholding households have similar sociodemographic 
characteristics except for landholding, then it is plausible that a difference in 
nutritional status between these two groups can be attributed to landholding. The 
matching is implemented by the nearest neighbour and a kernel matching algorithm. 
We conducted the matching procedure for both male and female children to examine 
whether the effect of landholding varies across the gender of the child. After similar 
non-landholding observations are matched to landholding observations, the average 
treatment effect on the treated (ATT) for both HAZ and WAZ is calculated. The results 
of ATT using the nearest neighbour and Kernel matching for full, male and female 
samples are presented in Table 1. 

Table 1:	 Propensity score matching results ,ATT estimates
Full sample Male sample Female sample

Outcome variable 
Household has 

access to land (yes 
vs no)

Nearest 
neighbour 

Kernel 
matching 

Nearest 
neighbour

Kernel 
matching 

Nearest 
neighbour

Kernel 
matching 

HAZ -0.029** -0.018* -0.012 -0.007 -0.027** -0.027*

(0.012) (0.010) (0.011) (0.015) (0.011) (0.015)

WAZ -0.030** -0.025** -0.012 -0.018 -0.043** -0.031**

(0.013) (0.010) (0.014) (0.014) (0.018) (0.014)
Notes: Standard errors in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001.

The results of both nearest neighbour and kernel matching indicate that the 
differences in child nutritional status between the treated and control group is 
substantial. For both the full and the female sample the results indicate that ATT 
estimates are negative and statistically significant for height-for-age (stunting) and 
weight-for-age (underweight) indicators with both nearest neighbour and kernel 
matching. This implies that children under five whose households have farming 
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land have a lower likelihood of being exposed to the incidence of stunting and 
underweight. Unexpectedly, the ATT coefficients of the male sample are found to 
be insignificant, implying that agricultural landholding has no significant impact on 
improving nutritional status of boys under five. The inconsistency between males 
and females regarding the effects of agricultural landholding on nutritional status 
adds an aspect of gender inequality. This can be interpreted along with the above 
observations concerning the differences between males and females regarding 
child nutritional status, as for all indicators male children exhibit a high incidence of 
malnutrition in rural Sudan. 

IV Estimation results

As indicated in the methodology, we first applied the probit method as a baseline 
model. The estimation results of the probit model in Table 2 indicate that the 
coefficients of land ownership are negative and significant, implying that in 
households who own land, the children are less likely to suffer from malnutrition. 
More specifically, the probability of being stunted and underweight is reduced for 
households with agricultural land. 

As a potential endogeneity problem may exist between landholding and child 
nutritional status, the study adopted ivprobit and bivariate probit models, as 
outlined in the methodology. The cluster average of land size is utilized as an IV. 
Table 2 reports the estimation results of both the ivprobit and biprobit for the full 
sample of rural children (under five years). As discussed, we first tested the validity 
of the instruments. The test statistic of the Cragg–Donald Wald F-test exceeds the 
usual benchmark of 10 for all estimated models, rejecting the weak instrument 
hypothesis. The Wald test statistics also reject the null hypothesis that landholding 
is exogenous at any reasonable degree of confidence. Thus, we conclude that the 
land variable is endogenous, which constitutes a suitable justification for using the IV 
method. Moreover, the results of the first-stage regression reveal that the coefficient 
of the cluster average of land size is positive and statistically significant, indicating 
a positive correlation between child nutritional status and average land size in the 
neighbourhood of residence.7 Therefore, the relevance assumption is satisfied and 
we can use the cluster average of land size as an IV, confirming that it is not correlated 
with the error term in the second-stage regression.

The results of the ivprobit and bivariate probit reveal that the impact of agricultural 
landholding is negative and significant for both HAZ and WAZ, indicating that landholding 
reduces the likelihood of children being stunted and underweight. This also means that 
children of families who have access to farming land are less likely to experience stunting 
and underweight. This finding confirms the results of the Wald F-test PSM outlined above, 
and supports the results discussed in many previous studies in the international literature 
(e.g., Allendorf, 2007; Menon et al., 2014; Rammohan et al., 2014; Siddiqui et al., 2017).
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Concerning the control variables, the results of the probit, ivprobit and bivariate 
probit indicate that most of the variables are associated with the expected signs and 
their magnitudes agree with previous studies. For instance, the coefficient of child sex is 
positive and statistically significant, suggesting that male children are more likely to suffer 
from the risk of stunting and underweight compared to female children. The impact of 
birth weight is negative and significant in all models, indicating that a child born with a 
healthy weight is less likely to be exposed to nutritional problems. In addition, children 
belonging to a household headed by a male are more likely to experience stunting and 
underweight. Our results suggest that gender has an important effect on child nutrition 
in Sudan. As expected, the impact of the mother's and father’s education is found to be 
negative and significant across all educational level, implying that a child with educated 
parents has few opportunities to experience nutritional problems. This outcome agrees 
with previous studies (e.g., Kabubo-Mariara et al., 2008; Rashad and Sharaf, 2019). 

Interestingly, the effect of wealth is negative and significant, indicating that 
children from affluent families are less likely to suffer from poor nutrition. This result 
implies that disparities in the distribution of wealth do not only lead to inequalities 
in agricultural landholding for the current generation, as depicted in Figure 5 and as 
has been well documented in the Sudanese literature (see Elhadary, 2010; Elhadary 
and Abdelatti, 2016), but also adds a serious new aspect of inequality related to 
child nutritional status in rural Sudan. In our view, the observed inequalities in child 
nutritional status in rural Sudan are serious and will most probably intensify the 
prevalence of persistent inequalities for future generations in rural Sudan.    

Finally, we estimated the model separately for boys and girls to see whether the 
causal effect of agricultural landholding on child nutritional status varies according 
to gender. The results of both the ivprobit and bivariate probit in Table 3 show that 
the male and female sample do not suffer from any problems with the instruments 
as indicated by the Cragg-Donald test. However, the Wald test statistic is significant 
only for the female models. Similar to the results of the full sample, the analysis of the 
female sample indicates that access to agricultural land has a negative effect on stunting 
and underweight. This suggests that girls under five whose households have access to 
farming land have less opportunity to be exposed to malnutrition. Unexpectedly, the 
impact of landholding does not appear to have any effect on the nutrition status of boys 
under five, implying that agricultural land does not play a significant role in improving 
the nutrition status of boys. This finding supports the results of the PSM analysis. This 
is not surprising as the descriptive statistics show that the incidence of poor nutritional 
status among male children is higher than that of females; hence landholding plays no 
significant effect in mitigating the nutrition problem of male children. This may suggest 
that the poor nutrition of male children is attributed to economic or endowment factors 
alongside household socioeconomic factors.  
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Overall, the results of the PSM and IV analysis imply that land ownership has a 
negative and significant effect on reducing malnutrition in children under five. This 
suggests that families who have access to agricultural land are more able to offer 
nutritious food and protect household members from food shortages. In fact, the 
dominance of subsistence agriculture in rural areas means most families with farming 
land have more opportunity to attain food and nutrition security. In addition, an 
important assumption for a child to benefit from landholding is that the additional 
income gained from farming production should be spent on food and healthcare, 
which would improve the child’s nutritional status. However, our results indicate 
that the effects vary between boys and girls, as girls benefit more from agricultural 
landholding than boys. 
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5.	 Conclusion and policy implications 
Motivated by the high prevalence of child malnutrition in rural Sudan, this study 
examined the causal effect of agricultural landholding on child nutritional status 
in rural Sudan using the 2014 Multiple Indicator Cluster Survey (MICS). To account 
for sample selection bias and the endogeneity problem, the study adopted both 
propensity score matching (PSM) and instrumental variables (IV) methods.

The results of both the PSM and IV analysis indicate that landholding has a negative 
and significant impact on child malnutrition for full and female samples, implying 
that children whose families own agricultural land are less likely to be exposed to 
child nutrition problems such as stunting and underweight. For the male sample, the 
results reveal that agricultural land ownership plays no significant role in improving 
the nutrition outcome of male children. This finding means that there is gender 
disparity in the effect of landholding on the nutrition situation of children, as girls 
benefit significantly from agricultural landholding compared to boys.

Based on the above findings, policy actions that boost agricultural development 
may serve as a crucial strategy to enhance the nutrition situation for children under the 
age of five in rural Sudan. Therefore, any policy aimed at achieving food and nutrition 
security should consider land reform as a top priority for the policy agenda in Sudan. 
Moreover, an equal distribution of land needs considerable attention from policy 
makers, as landholding inequality is a widespread phenomenon in rural areas. We 
recommend the adoption of more appropriate regulations and legislation to eliminate 
land grabbing and and at the same time encourage land ownership by farmers to 
enhance agricultural production, and to improve food security and child nutritional 
status in rural areas. Finally, we recommend the elimination of gender disparities in 
landholding (achieving SDG5 and SDG10); supporting women’s land ownership would 
contribute to an improvement in child nutritional status in rural areas. 

25
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Notes
1.	 See Siddiqui et al. 2017:  6–7.

2.	 See Siddiqui et al. 2017: 3, 7, 12.

3.	 See Rammohan et al. 2014: 597–8.

4.	 In practice, there are three main anthropometric indicators: height-for-age (HAZ), 
weight-for-age (WAZ) and weight-for-height (WHZ). However, the current study excludes 
WHZ, as its performance is reasonable, while most child nutritional problems in Sudan 
are concentrated on stunted (HAZ) and underweight (WAZ) children (see Appendix). 

5.	 We are aware that the term "land use” is a broader concept implying access to land 
and use of land through both landholding and land hiring. Given the lack of reliable 
information regarding land hiring in Sudan, for the purpose of the analysis in this paper 
we use the term “land use” to refer to/to measure landholding in Sudan. 

6.	 The results of balancing tests are available on request. The results of balancing tests 
for male and female children samples replicate the full sample analysis results.

7.	 The results of the first-stage regression of the IV 2SLS estimation are available on request.

26
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Appendix
Descriptive statistics of variables used in regression analysis

Variable Definition Mean Std. Dev.
Height-for-age (HAZ) 1 = if stunted (below -2SD), 0 = otherwise 0.3669 0.4820

Weight-for-age (WAZ) 1 = if underweight (below -2SD), 0 = 
otherwise

0.3012 0.4588

Weight-for-height (WHZ) 1 = if underweight (below -2SD), 0 = 
otherwise

0.1479 0.3550

Land 1 = if own agricultural land, 0 = otherwise 0.5185 0.4997

Land cluster average Cluster average of land size in feddan 16.4045 20.1686

Land size Measured by the number of feddan 7.5843 19.5791

Child age Child's age in months 28.7681 17.1596

Birth weight Weight of child at birth: 1 = if average and 
above, 0 = otherwise

0.6421 0.5141

Male – child Sex of child – male 0.5057 0.5000

Male – head Sex of head – male 0.9096 0.2868

Household size Number of household members 6.3723 2.6586

child_num5 Number of children under five years in 
household 

1.8924 0.7731

Mother age Age of mother in years 28.4145 7.4720

Married (mother) 1 = if mother currently married, 0 = 
otherwise

0.8071 0.3945

Maternal education: 
Primary

1 = if mother completed primary level 0.3199 0.4665

Maternal education: 
Secondary

1 = if mother completed secondary level 0.1059 0.3078

Maternal education: 
Higher 

1 = if mother completed higher level 0.0314 0.1745

Husband education: 
Primary

1 = if father completed primary level 0.3176 0.4656

Husband education: 
Secondary

1 = if father completed secondary level 0.1421 0.3492

Husband education: 
Higher 

1 = if father completed higher level 0.0398 0.1955

continued next page
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Appendix continued

Descriptive Statistics of Variables used in Regression Analysis

Variable Definition Mean Std. Dev.
Central 1 = if reside in Central region, 0 = otherwise 0.2561 0.4365

Northern 1 = if reside in Northern region, 0 = 
otherwise 

0.0790 0.2697

Eastern 1 = if reside in Eastern region, 0 = otherwise 0.1251 0.3308

Kordufan 1 = if reside in Kordufan region, 0 = 
otherwise 

0.1867 0.3897

Darfur 1 = if reside in Darfur region, 0 = otherwise 0.3405 0.4739

Toilet 1 = if access to piped water, 0 = otherwise 0.2192 0.4137

Water 1= have flushing toilet, 0 = otherwise 0.1980 0.3985

Wealth index Wealth index factor score (5 quantiles) 2.1973 1.2515
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