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Essays in Child Health and Health Systems in Eastern Africa: Evidence from South 
Sudan and Ethiopia 

 
 

By 
 
 

Augustino Ting Mayai 
 

Abstract 

Prevailing research pegs health status to a multitude of explanations, with many countries 
sharing almost similar experiences, depending on their development trajectory. There is 
consensus that fragility begets substandard health outcomes. This suggests that settings 
that are embroiled in fragility often experience increased morbid health and deaths 
(Guha-Sapir et al 2005). Alleviating these adverse health conditions requires addressing 
the underlying ills of state fragility. Yet, other researchers show that, net of other 
circumstances, the nature in which the health services are administered to the population 
substantially influences health (Bossert et al 2003; Bossert and Beauvais 2002). This strand 
of research emphasizes that good governance in healthcare fundamentally promotes good 
health. This dissertation augments these research efforts by spatially and periodically 
mapping child health conditions and linking differentiated health outcomes to health 
systems in Eastern Africa, focusing primarily on South Sudan and Ethiopia. Looking 
specifically at infants and children under the age of five, the central objective of this 
research is to generate empirical evidence that resonates with proximate child health 
policy interests in the region. This dissertation finds that certain events, such as war, 
development, spatial heterogeneity, and governance substantially impact health. Finally, 
the current research could benefit from possible improvements in a number of areas. 
Primarily, there is need to address one major caveat—lack of information at micro levels 
in both countries, i.e., local settings. Specifically, future research efforts should pay 
attention to generating necessary data at these levels for more distilled mortality analyses. 
In South Sudan, such levels would be counties, payams, and bomas and in Ethiopia, they 
would include woredas and kebeles. New insights would be useful in two ways. First, they 
could help map child health conditions at these subnational levels. Secondly, those results 
could be used to improve health policies at those levels. In addition, evaluating in detail 
environmental health conditions in South Sudan may help us shed light on urban-rural 
early age mortality differentials. As well, an analysis on whether peace crowds out 
humanitarian and international development investments is desired.  
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Infant and Under-five Mortality Patterns in South Sudan, 1969-2009 
 
 
Abstract 
 
Before gaining independence in 2011, Southern Sudan experienced decades of political 
turmoil, with serious consequences for health. The health system deteriorated and direct 
and indirect causes of ill health became increasingly prevalent, consequently elevating 
morbidity and mortality in the region (Guha-Sapir et al 2005; Rice et al 2000). These 
changes in health have not been systematically documented. The present analysis first 
uses indirect estimation techniques to evaluate South Sudan’s infant and under-five 
mortality levels and patterns between 1969 and 2009 across three regions, then attempts 
to explain underlying differences using a set of determinants. We find declining 
mortality trends across the regions over time. Likewise, living in an urban setting, 
mother’s age, and being in Bahr el Ghazal or Equatoria region elevate early age 
mortality. These findings, therefore, suggest that temporary events such as war and 
famine, residence, disease environment, and social and development aspects are 
critically important in understanding period and within-country early age mortality 
differentials in South Sudan. These findings could be used to improve child health in an 
infant state. This objective can be achieved by paying special attention to equitable 
distribution of social services, increased economic security, and increased investment in 
healthcare infrastructure and human capital growth.  
 
 
1 Introduction  
 
The second Sudanese civil war between the government of Sudan and the southern 

rebel, the Sudan People’s Liberation Army/Movement (SPLA/M), struck in May 1983. 

This conflict lasted until January 2005 when a Comprehensive Peace Agreement (CPA) 

was signed in Kenya. The civil war increased the region’s mortality risks and made it 

challenging for the conduct of empirical research on those resultant health problems 

due to insecurity and lack of quality data. Prior to and during the conflict, limited 

research efforts were undertaken to understand these health consequences of war. Most 

notably, between the early 1980s and early 1990s, only two empirical articles on infant 

and child mortality levels and patterns relating to southern Sudan were published 

(Farah and Preston 1982; Roth 1990). In addition, at the conclusion of the first civil war 
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that lasted from 1955 to 1972, an institutional report based on the 1973 national 

population census attempted to shed light on key mortality differentials, especially with 

respect to geographical and socioeconomic conditions of households (Sudan’s Ministry 

of National Planning 1973). These research endeavors indicated a relatively high 

mortality regime for southern provinces1 vis-à-vis those in the north. However, further 

attempts to update such information for either academic or social policy purposes were 

retarded by the second Sudanese civil war.  

During the second war, intense violence, insecurity, and the increasing 

remoteness of the environment critically impacted health and equally undermined 

research enterprise in the region, now the Republic of South Sudan. When the peace 

deal was signed a number of researchers and institutions commenced carrying out 

analyses on a wide range of the region’s social and security conditions, many of them 

aimed at shaping the political transition. Since then, there have been a few institutional 

reports on health in the country. From USAID to UNICEF to South Sudan’s National 

Bureau of Statistics (NBS), infant and child mortality has been estimated using cross-

sectional data, with the results shared among the stakeholders, namely the aid 

community, advocacy groups, and the government. Their findings have been 

considered alarming, both from the regional and global contexts. According to these 

analyses, both the under-five and maternal mortality rates have been considered ones of 

the highest in the world, a confirmation of extensively cited poor human development in 

                                                
1 We refer to Sudan’s former three provinces (Bahr el Ghazal, Equatoria, and Upper Nile) of the 
southern region as regions in this analysis. In 1994, a federal system of government based on 25 
states was instituted, with the three southern provinces forming ten new southern states. South 
Sudan adopted this structure upon independence in July 2011.  
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the world’s newest country (NBS 2006). War, either via direct violence or residual 

drivers and underdevelopment, is regarded as a major explanatory factor for 

substantially high early age mortality rates in South Sudan. South Sudan’s pre-

independence studies also placed considerable interest on geographical variance in 

mortality, with geographical location used as a proxy for differentiated disease 

environment and socioeconomic development (Farah and Preston 19822; Akuma 2013). 

Throughout the interim period (2005-2011), limited research has played a 

fundamentally significant role in post-war policy designs and institutional planning.  

While these studies remain useful in the continued absence of improved policy 

data and sound empirical estimates on health conditions during South Sudan’s political 

transition, many are either outdated or incomplete, shedding little light on more recent 

changes in early age mortality. For instance, studies conducted by Farah and Preston 

(1982) and Roth (1990) on child mortality are rather old and incomprehensive. In 

particular, Farah-Preston’s work on mortality differentials, despite its coverage of the 

whole country while controlling for a wide range of health correlates, focused narrowly 

                                                
2The regional dummy variables have very large effects on child mortality. Being located in one 
of the three southern regions raises child mortality rates relative to those in Khartoum by 48-71 
percent. Location in one of the other northern regions also raises mortality relative to those in 
Khartoum, but by a smaller amount. That these large differences persist even after controlling 
for father's and mother's education and employment status, type of marriage, housing structure, 
and so on suggests that the raw regional differences in mortality observed above are not for the 
most part attributable to differences in the distribution of these socioeconomic variables. The 
regional pattern of mortality remains almost completely unchanged by introduction of 
individual socioeconomic variables, and the proportionate impact of region of residence on 
mortality is scarcely diminished.  

Region of residence is not a determinant of mortality in the sense in which we are using 
the term. It acts as a proxy for other variables that are themselves determinants. On the basis of 
this analysis, it is impossible to say what variables it represents. The most logical candidates are 
the disease environment, particularly the higher endemicity of malaria in the South, and the 
general level of development, including the health system.    
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on children dying before reaching age two. Roth’s analysis, which assessed the 

effectiveness of the UNICEF child health program in the southern region, also 

exclusively targeted urban children, leaving a vast majority of the rural population 

unaccounted for. In addition, the 2006 and 2010 South Sudan’s household health 

survey reports focused on snapshots of state differentials (NBS and Ministry of Health 

2006; 2010). Thus, recent studies have placed negligible emphasis on regionally and 

periodically changing levels and patterns of child morbidity and mortality in the 

country. A renewed interest in those two factors is essential in understanding the child 

health transition in the country’s three regions over the years. A comprehensive analysis 

that addresses this critical gap helps stimulate health policy in an independent South 

Sudan.   

How has infant and under-five mortality changed in South Sudan in the last few 

decades? To what extent do these changes vary according to the country’s three regions 

and other factors? This analysis attempts to answer these key questions by using newly 

available South Sudanese nationally representative household and census data to 

empirically estimate and explain the nation’s infant and under-five mortality levels and 

patterns. More recent data are desperately desired for immediate policy development, 

allowing a comprehensive assessment into early age mortality conditions in a newly 

independent nation.  

The study renews such needed understanding on South Sudan’s infant and 

under-five health since Farah and Preston (1982) partially documented the same 32 

years ago. Regional and period gradients in mortality are measured to inform public 

policy on distributive nature of disease and social development in the country. 
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Therefore, new lessons learned from this analysis are expected to help bolster social 

policy endeavors in a country going through a rapidly changing political environment. 

More specifically, the emphasis on these gradients may potentially help us understand 

how a host of health disparities relate to a broad range of health-correlated social, 

political, and development conditions, i.e., poverty, education, war, and disease milieu. 

The study assumes that differentiated political and social development conditions lead to 

spatially and periodically differentiated health outcomes in the country.   

This analysis uses both indirect estimation techniques and logistic regression to 

assess and explain infant and under-five mortality rates across time and three South 

Sudanese regions of Bahr el Ghazal, Upper Nile, and Equatoria. In particular, we start 

out with descriptive evidence by using census and household health survey data going 

back as far as 1983. We then adjust these descriptive estimates for germane mortality 

conditions using an indirect statistical procedure developed by Brass and colleagues in 

1968. The Coale-Demeny North Model is chosen for South Sudan’s context partly 

because of high prevalence of infectious diseases and partly because of nutritional 

conditions facing children in the country. The North Model exploits life table measures 

to account for space-specific disease environment in early age mortality. Most 

important, the North Model estimates death probabilities that are supposed to reflect the 

mortality conditions that prevailed across ages and periods if the country’s mortality has 

been changing. This procedure allows us to go back more than 30 years of fertility and 

child mortality history, lending potential for establishing secular declines. The indirect 

method requires stratifying on mothers’ age to derive the estimates. The main 
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identification strategy of indirect estimation methodology is that mortality is a function 

of a child’s nutritional conditions (Brass et al 1968).  

In the second portion of the analysis, potential determinants of mortality, such as 

maternal schooling, maternal age, child’s sex, conflict events, environmental health 

factors (i.e., toilet access and drinking water supply), period and regional fixed effects, 

are introduced. The objective is to empirically explain regional variations in early age 

mortality.  

Overall, there have been significant and consistent trends in infant and under-

five mortality over the years (see Tables 5-8 in the Appendix). All of the three regions 

have been experiencing changing yet relatively high mortality rates. These results 

suggest distinct policy interventions that reflect specific health conditions of the three 

regions. For example, a 2012 study shows that Unity state in the Upper Nile region is 

more prone to Schistosoma mason, S. haematobium than Eastern or Central Equatoria 

(Finn et al 2012). In contrast, the same study finds lymphatic filariasis (LF) to be highly 

endemic in Eastern and Central Equatoria.  

 The rest of the article proceeds as follows. In Section 2 we explore the context 

of the studied setting, providing a brief background of the population and the political 

and health conditions that prevailed there throughout the periods; Section 3 reviews 

prior research on early age mortality differentials in the country; Section 4 discusses 

data materials and details empirical strategies used for estimating early age mortality; 

Section 5 presents time-bound, regionally stratified findings; Section 6 explains 

mortality variations; and Section 7 discusses these findings in more detail, and concludes 

with implications for practice and future research.  
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2 Context  
 
Covering a landmass of roughly 239,285 square miles South Sudan is a northeastern 

African nation located south of the old Sudan, west of Ethiopia, roughly northwest of 

both Kenya and Uganda, and east of the Democratic Republic of the Congo (DRC) 

and Central African Republic (CAR) (see map below). The country, which became the 

world’s newest state in 2011, is home to roughly 11 million people, majority of whom 

are under the age of 30 years. In 2005, following the 22 years of civil conflict, Sudan’s 

southern region became autonomous. This status was granted in the Comprehensive 

Peace Agreement (CPA) that ended the country’s long war between the southern 

Sudanese People’s Liberation Movement/Army (SPLM/A) and the Sudanese 

government. During the war, over 2 million people are suspected to have died due to 

direct violence and economic and health deteriorations. According to Burr (1998), the 

southern region of the country suffered the war consequences the most. Between 1983 

and 1993 alone, 1.3 million southern Sudanese are suspected to have died. By 1998, this 

number rose to 1.9 million deaths. Geographically, both Upper Nile and Bahr el Ghazal 

regions seem to have been more hit, with a number of deaths in each region as high as 

over 100,000 in 1988 alone. The Equatoria region, in contrast, had over 25,000 deaths 

the same year. These numbers subsequently increased across the regions as the war 

intensified, and by 1998 deaths in the Bahr el Ghazal region rose to over 200,000 and 

more than 100,000 in each of the Equatoria and Upper Nile regions.  

 The war resulted in a high rate of mortality related to various causes, including 

constant government’s bombardment of a civil population, abject poverty, increased 

morbidity and the prevalence of other mortality forces, as well as under-development. 
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The signing of the CPA, however, brought hopes for a better future for the people of 

South Sudan, as the agreement implied the revival of serenity and development in the 

region, now a new country divided into 10 states. In 2006, a nationwide household 

health survey was undertaken. This study was mainly aimed at informing development 

commitments stipulated in the CPA signed the previous year. But in 2009, four years 

following the signing of the agreement, nearly 51 percent of the region’s population 

remained below the poverty line (NBS 2009). The rural poor, a vast majority in the 

country, remain stranded in abject poverty as there have been no improvements in basic 

social services, making them prone to poor health conditions. This high level of poverty 

partly corroborates why relatively high mortality rates continue to prevail in South 

Sudan.  

Like most nations going through a similar political and developmental 

experience, South Sudan faces enormous transitional hiccups such as internal strife3, 

border conflicts, limited basic services, unemployment, sluggish economic growth, and 

poor infrastructure. Before independence in July 2011, there were commitments by the 

government and its partners to respond to these challenges. Some serious reconstruction 

plans and strategies were initiated under the government and aid organizations. Chief 

among these plans were renovation and construction of health facilities across the 

region, investment in medical training, and an increased provision of medical supplies 

(MoH 2007). Thus, the ministries of health in the central and southern governments, 

                                                
3 For example, in December 2013 a new conflict related to political disagreements within the 
ruling SPLM party emerged, which has now turned into a civil war, with tens of thousands 
reported dead and millions others displaced in just 10 months. This new violent conflict, if not 
immediately abated, is likely to increase morbidity and mortality in the population, especially 
among young children in the Upper Nile region.  
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respectively, undertook several nation-wide population health surveys, the first of these 

kinds since the civil war broke out in 1983.  Supported by leading international NGOs, 

the surveys highlighted human development indicators, such as mortality, nutrition, 

reproductive health, HIV/AIDS, and the provision of basic social services. Some of the 

key objectives of the surveys include making available quality demographic data for 

planning and policy-making, to establish baseline measures for monitoring Millennium 

Development Goals (MDGs), and to assess the well being of children and women in the 

country (NBS 2006; 2010). Although some of these commitments have been put into 

practice, little remains understood about their impact on health, particularly that of 

young children. Notably, average rates of mortality for nearly all ages in South Sudan 

remain the highest in the region, and maternal mortality was the world’s highest in 

2006, averaging 2054 per 100,000 women of reproductive ages.   

Several NGO and government reports show that infant and child health 

deteriorated between 2006 and 2008. For instance, South Sudan’s child mortality rate 

rose to 119 per 1000 live births in 2008, from 102 in 2006; infant mortality rose to 49 in 

2008, from 37 in 2006 (Sudan Household Health Survey, 2006; National Census 2008). 

The rates increased in all of the regions. 

The worsening child health conditions after peace may be explained by 

increasing poor quality healthcare services resulting from inadequate government’s 

interventions in the overall health sector. The rise in local militia activities two years 

after the signing of the Sudanese agreement may have had negative health 

consequences, especially in the most affected region of Upper Nile. As well, a policy on 

integration of the two health systems, a merge between the southern former rebel run 
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SPLM and the Sudanese central government, might have contributed negatively 

towards healthcare reforms and delivery. Perhaps the integration of the two seemingly 

incompatible systems might have distorted health service provision through redesign 

and reorganization of the region’s overall health systems, presumably causing delays of 

and loss in some essential services. Finally, the SPLM’s low capacity in governance and 

the subsequent emergence of rampant corruption could be an important explanation for 

such an unresponsive healthcare system.   

 
3 Prior evidence  

Using two sets of Sudanese census data (1955/6 and 1973) Farah and Preston (1982), 

while targeting those dying before the age of two, estimated and found significant 

geographical variability in child mortality levels and patterns in the Sudan. In relation to 

the rest of the country (e.g., Khartoum=0.145; Northern=0.147; Darfur=0.154), the 

southern three regions had the highest child mortality levels: 0.252 in Upper Nile; 0.255 

in Bahr el Ghazal, and 0.266 in Equatoria for the 1955/6 period (see Table 2 in 

Appendix A for further details). In the 1973 period, the estimates were: 0.241 in Upper 

Nile, 0.253 in Bahr el Ghazal, and 0.207 in Equatoria, respectively. Moreover the 1973 

census report shows a 0.205 probability of dying for children aged q(1); 0.247 at q(2). 

This is in contrast to 0.142 and 0.154 in the northern region of the Sudan (Farah and 

Preston 1982). In addition, the study found maternal and paternal years of schooling, 

mother’s employment status, mother’s age, type of house the household lived in, and the 

region of the household to have statistically significant effects on child mortality 

outcome. The findings imply the fundamental significance of health selection due to 
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socio-economic status of a household or location (Akuma 2013; Farah and Preston 

1982).  

South Sudan became independent but its childhood mortality rate remains 

relatively high, vis-à-vis regional and global early age mortality experience, even nearly 

10 years after attaining peace. Although the south-north civil war ended years ago, 

many of the more recent poor health conditions affecting infants and children in the 

country today remain linked to conflict-induced or accelerated determinants, namely 

poverty, low educational attainment, inadequate feeding/nutrition, depressed income 

sources, strained access to quality drinking water and sanitation services, and limited 

access to vaccination or immunization services. This suggests that the long-term 

consequences of war in South Sudan will continue to bear substantially on early age 

mortality into the future.  

Moreover, existing evidence shows that these determinants often and 

significantly influence the probability of death among infants and children in developing 

countries (Cutler et al. 2006). Being under-developed, South Sudan faces a burden of 

various infectious diseases, experiencing high rates of morbidity and mortality (Agyei-

Mensah & Aikins 2010; Omran 1971; Horiuchi 1999). The chief causes of death in 

today’s South Sudan are undoubtedly preventable, and include respiratory and 

infectious diseases such as tuberculosis, malaria, and cholera—factors that research has 

shown to commonly plague emerging or sluggish economies (Dupas 2011). Essentially, 

Black et al (2003) find that millions of children from under-developed societies die 

annually primarily due to readily preventable health problems. Although the causes of 

early age mortality vary substantially from one country to the next, poor countries like 
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South Sudan ordinarily suffer the brunt of these consequences, with developing 

countries representing 90 percent of the world’s total deaths in children under the age of 

5 years old (Black et al 2003).  

In the late 1970s, South Sudan’s child mortality slightly declined, presumably 

partly due to the signing of the 1972 peace agreement and partly due to other modern 

development externalities such as improved access to medical technology (Cutler et al 

2006), altered disease environment (McKeown 1978), and increased quality nutrition 

(Fogel 1997). The argument that rises in living standards have successfully subsidized 

battles against early age mortality is a long held belief in demography (Caldwell 2001). 

Despite manifested efforts to manipulate disease environment and scale up food 

quantity and quality for a sufficiently prolonged life in many countries, politically 

induced causes of death, such as violence and economic deprivation, remain dominant 

in emerging societies, especially in Sub-Saharan Africa. Violence features significantly in 

the affected states because of its direct (homicide) and in-direct (disease and malnutrition 

enabling environment) mortality consequences. In South Sudan, though consistent, 

child mortality levels have varied over the periods and appear considerably subjected to 

the periods of political unrest. For example, presumably owing to peace, evidence from 

the 1973 Sudanese population census indicates that the risk of death in the country 

marginally declined during this period compared to the early 1960s when the conflict 

raged. It is observed that the probability of death among children aged 2 in the southern 

region decreased from 26 percent in the 1960s to 23 percent in the 1970s, reflecting a 

gain of about 1.2 years in childhood survival in roughly a decade (Farah and Preston 

1982).   
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Moreover, Abu El Yamen (2006) documents the under-five mortality rates in the 

Sudan using the 1983 census results. According to this analysis, the southern region 

continued to enjoy improved levels of childhood survival into the early 1980s. In 

particular, crude under-five mortality rate in the southern region averaged around 150 

per 1000 live births at the time, compared to over 200 per 1000 live births in the 1970s. 

Recent evidence further confirms these early age mortality transitions. Roth and Kurup 

(1990) analyze similar demographic changes in two major towns of South Sudan, Wau 

and Juba, to evaluate the impact of the UNICEF’s health care program on children’s 

health outcomes in the region. Using indirect estimation methods, the authors find that 

the probability of dying among South Sudanese children under the age of five is roughly 

14 percent or 140 deaths per 1000 live births. Although this study is incomprehensive, 

as it only covers the urban populations, its results show yet an appreciable decline in the 

region’s under-five mortality between the 1980s and 1990s, which is consistent with 

Farah and Preston’s finding. Notably, Roth and Kurup’s results came at the time when 

Southern Sudan was going through a violent conflict that had just begun 7 years earlier.  

Following the 1983 SPLA/M rebellion child health subsequently deteriorated in 

Southern Sudan, with more children dying in the years that followed compared to the 

earlier periods. For example, crude under-five mortality rose to a high 250 per 1000 live 

births in 2004 (UNICEF 2004), resulting in an excess of 110 deaths from a low 140 in 

1990. Such a high rate is likely to have been partly caused by an elevated spread in 

infectious diseases and rampant malnutrition in the population experiencing violence, 

with significant rises in the probability of early age death as a consequence (Guha-Sapir 

et al. 2005). The UNICEF estimates elicit the proposition that violence diminishes 
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child’s survival through increases in poor health conditions, among others. The 

alternative interpretation of this theory is that violence deprives children of proper 

feeding and access to quality health services. Similar research confirms that poor feeding 

in younger children impairs their immune systems, exacerbating, among other negative 

effects, severe diarrheal diseases, and resulting in a higher susceptibility to mortality risk 

(Rice et al 2000). Further evidence suggests that child mortality associated with violence-

induced severe bloody diarrhea and malnutrition in the Upper state of Jonglei in 2002 

resulted in a death of 16 per 10000 people daily (Guha-Sapir et al 2005). During the 

same period, the same authors find that acute malnutrition4 among children under-five 

in the Bahr el Ghazal region averaged around 35 percent (Guha-Sapir et al 2005).  

Although prior evidence places considerable emphasis on the influence of 

violence on child mortality when it is still active, in general, its residual influence, either 

through a manifestation of its long-term consequences, or through the mundane 

repercussions of limited development, is not readily understood in South Sudan. This 

evidence needs reconstructing to reflect possible mortality transitions over time and 

across geographical locations, with a proposition that time related events such as 

conflicts and regional differences in social and environmental conditions influence 

mortality. Thus, while regions are likely to have differential mortality due to differences 

in geographical characteristics, overall, post-conflict South Sudan should have enjoyed 

favorable health outcomes in the interim period. This analysis decomposes early age 

                                                
4 Severity of malnutrition is defined as deviations from median z-scores. Thus, Z scores less than 
two standard deviations from the median (−2 z scores) represent “global acute malnutrition,” 
while z scores less than three standard deviations from the median (−3 z scores) represent 
“severe acute malnutrition.” 
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mortality in light of providing insights into contemporary health conditions in post-

conflict South Sudan. The analysis is critical in setting necessary stage for present and 

future studies aimed at shaping the country’s health policy.  

 
4 Methods  
 
4.1 Data materials 
 
This analysis uses nationally representative household sample surveys and census data to 

estimate mortality levels and patterns over time across South Sudan’s three regions. 

Table 3 presents sample characteristics using four different data sources (see Appendix 

A). The 1983 national census contributes 3,744,236 total live births, and 671,200 

deaths; 2006 household health survey contributes 30,321 live births, and 3,975 deaths; 

2008 national census contributes 337,728 births and 58,036 total deaths, and the 2010 

household health survey adds 28,987 births, and 3,599 deaths.  

The two national censuses were conducted primarily to respond to various 

political programs of the country such as elections, referenda, and wealth and power 

sharing. Covering all the 25 states, the 2006 and 2010 Multiple Indicator Cluster Survey 

(MICS) Sudan household health surveys, however, were intended for immediate policy 

propagation, and were designed to obtain information on key human development 

markers, such as infant and child mortality, nutrition, reproductive health and 

HIV/AIDS. Other development aspects covered in these surveys concern basic social 

services, namely education, water, and sanitation. The principal emphasis of the two 

household surveys was on planning, policy design, monitoring and evaluation in 

accordance with the MDGs, an endeavor Sudan had signed on years earlier, and to 
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enhance technical and institutional capacities of the health institutions and statistical 

centers (NBS 2006; 2010).   

 
4.2 Empirical strategies   
 
4.2.1 Indirect estimation  
 
The indirect estimation procedure enables us to tabulate the proportions dead among 

children born alive to a synthetic cohort of women aged 15-49. These mother-age 

stratified proportions are then adjusted for regional variations in disease environment 

using the Brass (1968) model life-table smoothing for child mortality. The Coale-

Demeny North Model is chosen based on South Sudan’s specific mortality experience. 

The model reflects a situation where infant mortality is relatively low and child mortality 

is relatively high; this means that under-five is equally high. Under this proposition, the 

nature of nutrition mostly accessible to young children underlies early age mortality 

outcome. Because breastfeeding is generally common in Africa and weaning takes at 

least a year, infant risk of mortality is greatly reduced. When a child is weaned, however, 

survival probability drops, resulting in a higher rate of child mortality. This is because 

breastfeeding protects against most infectious diseases, which are highly prevalent in 

much of Africa and South Sudan in particular. Persistent under-development, conflicts, 

low nutrition, and high prevalence of disease notwithstanding, South Sudan has seen 

sporadic yet substantial improvements in infant and childhood survival since Sudan’s 

independence. Still, the nascent country’s early age mortality rates remain high 

compared to the region and the world at large. 
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Using this procedure mortality estimates are drawn from the proportion of 

children surviving (CS) and the total number of children ever borne (CEB), classified by 

5-year age groups of women. The infant and child mortality (qx) is then estimated using 

the Coale-Demeny North Model. Relevant life-table parameters are applied for 

smoothing and error correction in reflection of regional mortality regime using the logit 

regression models. Based on full fertility history of women, this procedure supports 

estimates of child mortality by converting proportions dead into probabilities of dying 

by exact ages, classified by age groups of mothers and a time reference for each average 

estimate. 

By this procedure, estimates of mortality are assumed to adequately correspond 

to the age pattern of child bearing among mothers and the age pattern of childhood 

mortality itself. Children of younger mothers have a unique set of mortality because 

they are exposed to mortality risk for shorter, more recent periods compared to children 

born to older mothers who are exposed to a risk of dying for the extended time periods. 

Because the information being analyzed is a collection of birth histories drawn from a 

fictitious cohort of women, the average values of lifetime fertility and death are expected 

to rise with mother’s age. Moreover, resultant estimates correspond to distinct periods 

and represent wide-ranging trends in childhood mortality in the country.  

A second set of estimates is derived using the Coale-Demeny South Model (see Table 

15-18). The South Model accounts for the influence of armed violence on child health, 

unlike the North Model, which captures mortality primarily associated with infectious 

diseases. The South Model should reflect a different and higher mortality pattern from 

that of the North Model if armed violence has been influential in an important way.  
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Given the different assumptions in the two models we can think of the North Model as 

being conservative and bounding the true value from below, while the assumptions in 

the South Model make it bound the true value from above.  Thus while we cannot know 

the true infant mortality rate exactly, it is very likely to be bounded between the 

estimates in the North and the South models (see Fig. 15-19). 

Despite an under-representation of much of rural communities in the 1983 

census5, all four datasets are used to estimate infant and under-five mortality trends. 

Often, coherent estimates are still obtained in the presence of this condition, considering 

age misreporting, under-representation of children whose mothers are not alive, and if 

breastfeeding conditions have not been adversely changed. We therefore estimate life 

table model-based results. Life table models emphasize the broad patterns of childhood 

mortality regime overtime, and across the three regions of the country. Similarly, using 

more datasets allows for consistency and reliability checks. Mortality trends from the 

1970s and 1980s are required as a point of departure to understand the potential 

influence of conflicts on the patterns of mortality in the subsequent periods. The 1983 

data set provides such needed information. The 2008 national census and the 2010 

nationally representative household health sample data provide substantial baseline 

information for studying health and informing relevant policy programming in a post-

conflict South Sudan. 

4.2.2 Logistic regression 

                                                
5 “However in 1983 because the questionnaire had been enlarged and it was thought that 
quality was more important than quantity, only a 5% sample of rural councils envisaged to be 
included in the long form”, in Spoonerberg and Pelletier (2011). The certainty lies with under-
representation of rural areas where a vast majority of the households live.  
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The relationship between child mortality and a set of determinants outlined above is 

conceptualized using logistic regression as follows: 

YiRt = XiRB+FRρ +TiRλ +εiR  

Where Y is mortality event, measured as the probability of dying at age x and coded 1 if 

death and 0 otherwise, for child i in region R at time t; X corresponds to a set of child- 

and region-levels covariates, namely water supply, education, age, sex, toilet, residence, 

and conflict events; F represents regional fixed effects, and T represents period effects. β, 

ρ, and λ represent parameters to be estimated, and ε represents the estimation’s random 

noise. Because mortality transition has varied overtime, time variable is incorporated 

into the model as a nonlinear determinant.   

 

5 Results  
 
5.1 Indirect Estimates 
 
Tables 5-8 provided in the appendix6, present periodically and regionally organized 

indirect estimates of both infant and under-five mortality using all four data sources. 

Estimates from the South Model are presented in Tables 15-18; these are not reported 

in the text. Mortality estimates from the South Model show similar patterns as from the 

North Model, indicating that any of these models is preferable for our context. Thus, 

the North Model is chosen for this analysis.  

Infant mortality is denoted by q(1) and under-five mortality by q(5) or (U5M); 

the estimates are reported as probability of dying at an exact age. Infant and under-five 

mortality is estimated for women aged 20-44 as opposed to women aged 15-49. Those 

                                                
6 See also figures 1 through 8 in the appendix.  
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in age 15-19 and 45-49 are excluded due to age misreporting in the former and 

mortality under-reporting issues in the latter. The exclusion of children from these 

women aged 15-19 is important because children of younger mothers are often not 

exposed to underlying mortality conditions for an extended period of time. Children 

from younger mothers should therefore experience a relatively lower rate of mortality, 

so any unusual patterns reflect age misreporting. In addition, the exclusion of children 

of mothers aged 44-49 emanates from the fact that older mothers are likely to forget, 

under-reporting mortality events. For each data set, regional and national levels are 

estimated over times. Our attempt to evaluate mortality levels based on breastfeeding 

conditions being adversely altered over the period using the South Model yielded very 

similar results as the North Model. The results, based on North Model, are therefore 

presented in several tables (5-8) and by using figures (1-8; 15 and 16).    

 Table 5 uses the 1983 census data and presents mortality levels between 1972 

and 1980; estimates corresponding to aged 15-19 and 45-49 are excluded for reasons 

discussed earlier. Estimates based on the 1983 census indicate that mortality has 

consistently declined with time. At the national level, we see that the probability of dying 

among infants averaged 109 per 1000 live births in 1972 and 97 per 1000 live births in 

1980; under-five went from 181 per 1000 live births in 1972 to 159 per 1000 live births 

in 1980. There is a similar story regionally. In Bahr el Ghazal region, infant mortality 

was 103 per 1000 live births in 1972 and 100 per 1000 live births in 1980; for under-

five, there were 170 deaths per 1000 live births in 1972 and 163 deaths per 1000 live 

births in 1980. There was a systematic decline in mortality in Upper Nile as well, with 

infant death averaging 110 per 1000 live births in 1972 and 89 per 1000 live births in 
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1980. These levels were 183 per 1000 live births in 1972 and 144 per 1000 live births in 

1980 among children under the age of five. During the same period, Equatoria had 

relatively high mortality levels, averaging 122 per 1000 live births in 1972 and 102 per 

100 live births in 1980 among infants. Among under-five, Equatoria averaged 205 per 

1000 live births in 1972 and 168 per 1000 live births in 1980, respectively.   

 Table 6 presents estimates from the 2006 household survey for the 1995-2003 

period; estimates corresponding to 1992 and 2005 are not reported because they 

correspond to children born to women ages 15-19 and 45-49. We find that childhood 

mortality across the regions has been declining over the periods. Infant mortality 

averaged 71 per 1000 live births in 1995 and 64 per 1000 live births in 2003 in South 

Sudan. The under-five mortality for the nation averaged 111 per 1000 live births in 

1995 and 99 per 1000 live births in 2003. Regionally, Bahr el Ghazal’s infant mortality 

averaged 73 1995 in and 72 in 2003 per 1000 live births, respectively. Among under-

five, 116 and 113 per 1000 live births died in 1995 and 2003 in Bahr el Ghazal region. 

In Upper Nile, 59 infants per 1000 live births died in 1995 and 38 infants per 1000 live 

births died in 2003. The under-five mortality in this region went from 91 per 1000 live 

births in 1995 to 53 per 1000 live births in 2003. Lastly, in Equatoria, infant mortality 

went from 80 per 1000 live births in 1995 to 66 per 1000 live births in 2003. During the 

same period, mortality for under-five in Equatoria went from 127 per 1000 live births in 

1995 to 103 per 1000 live births in 2003, respectively.  

In Table 7, the 2008 census-based results, covering the 1998-2006 period, are 

presented. The estimates are quite appealing and demonstrate an aspect of a secular 

transition. Like the 1983 census and the 2006 household survey estimates, they tell a 
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story of consistently declining mortality over the years. Nationally, infant mortality went 

from 112 per 1000 live births in 1998 to 85 per 1000 live births in 2006. The under-five 

went from 188 in 1998 to 137 in 2006. In Bahr el Ghazal region, infant mortality went 

from 132 in 1998 to 97 in 2006; among the under-five, mortality went from 224 per 

1000 live births in 1998 to 159 per 1000 live births in 2006, respectively. Looking at the 

Upper Nile region, we find infant mortality going from 105 per 1000 live births in 1998 

to 69 per 1000 live births in 2006; among children under-five, there were 173 deaths per 

1000 live births in 1998 and 108 deaths per 1000 live births in 2006, respectively. For 

the Equatoria region, infant mortality went from 96 per 1000 live births in 1998 to 86 

per 1000 live births in 2006; among children under-five, there were 157 deaths per 1000 

live births in 1998 and 139 deaths per 1000 live births in 2006, respectively.      

According to the 2010 survey-based estimates (Table 8), mortality increased 

between 2006 and 2008. For instance, the national level infant mortality went from 62 

per 1000 live births in 2006 to 75 per 1000 live births in 2008. The under-five mortality 

went from 95 per 1000 live births in 2006 to 118 per 1000 live births in 2008. In Bahr el 

Ghazal, infant mortality went from 69 per 1000 live births in 2006 to 80 per 1000 live 

births in 2008; among children under-five, mortality went from 108 per 1000 live births 

in 2006 to 127 per 1000 live births in 2008. In Upper Nile, infant mortality increased 

from 39 per 1000 live birth in 2006 to 45 per 1000 live births in 2008; among under-

five, the probability of dying went from 54 per 1000 live births in 2006 to 66 per 1000 

live births in 2008. In Equatoria, the infant mortality rates went from 84 per 1000 live 

births in 2006 to 94 per 1000 live births in 2008; among under-five, the rates were 134 

in 2006 and 153 in 2008 per 1000 live births, respectively. 
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6 Explaining mortality patterns 
 

This part of the analysis uses the 2010 household health survey data7 and Armed 

Conflict Location and Event Data (ACLED) conflict data to assess childhood mortality 

by conditioning upon demographic, human capital, spatial, unobserved heterogeneity, 

conflict, and environmental health determinants. Spatial variables include residence 

type (urban vs. rural setting) and the child’s region of residence. Children are grouped 

according to Upper Nile, Bahr el Ghazal, and Equatoria regions.  

Unlike the rural children, urban children are likely to experience better health 

because urban centers are often more developed and better equipped to promote good 

health. Likewise, childhood survival varies significantly according to many factors, 

including mother’s level of education, quality of drinking water and toilet facilities 

available to the households, mother’s age, child’s sex, and other variables that cannot be 

directly observed. Thus, we evaluate unobserved heterogeneity using regional and 

period fixed effects.  

 
 
6.1 Descriptive statistics  
 
Table 12 and 13 summarize the sample. Restricting the analysis to the 2010 household 

health survey data yielded 29,772 children under the age of five. At the national level, 

we find 220 infant and roughly 224 under-five deaths per 1000 live births over the 

period (see Table 12 for more details). In Table 13, these estimates are further 

                                                
7 The 2010 household health survey is selected to avoid inconsistencies related to sampling 
variations. As well, this dataset, unlike others, has information on child’s dates of birth and 
death. This enables tracing mortality events without the use of indirect estimation procedures.   
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decomposed according to mother’s educational attainment, residential type, household 

access to toilet facility, household’s access to safe drinking water, and the region of 

residence.  

 We find that early age mortality is lower among children whose mothers have 

primary education or less, compared to those whose mothers have secondary or higher 

education. For instance, for mothers with primary schooling or less, we find 214 infant 

deaths per 1000 live births compared to 386 per 1000 live births to mothers with 

secondary or higher education. Among under-five, we find 218 deaths per 1000 live 

births to mothers with primary or lower schooling and 368 per 1000 live births to 

mothers with secondary or higher schooling, respectively. The differences are 

statistically significant at 99 percent confidence level.  

 Living in a rural area as opposed to an urban area accounts for 160 fewer infant 

deaths per 1000 live births and 161 fewer under-five deaths per 1000 live births. 

Similarly, mortality is higher for children in households with access to toilet facility and 

safe driving water. Finally, the Equatoria region has the highest mortality rates of all the 

three regions of South Sudan, estimated at 298 infant deaths per 1000 live births and 

314 under-five deaths per 1000 live births, respectively.   

 
6.2 Regression estimates 
 
The regression results provided in Table 14 are based on 2 subsamples corresponding to 

2 groups of infants and children under the age of five. The results are robust to cluster 

identities. While secondary or higher schooling increases mortality by a factor of 1.268 

among infants and 1.147 among children under-five, there is no evidence to suggest that 
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maternal education truly increases child mortality. Living in an urban setting, however, 

has a statistically significant positive effect on mortality, increasing poor health by over 

200 percent compared to the rural counterparts. Environmental health variables, such 

as availability of toilet and access to safe drinking water have no statistically significant 

effects on mortality. A percent increase in the number of conflict events reduces 

mortality by roughly 10 percent points among infants and 13 percent points among 

children under the age of five. However, the relationship is statistically insignificant.   

 Being a female child increases one’s mortality odds by nearly 14 percent among 

infants and 9 percent among under-five, while a year increase in mother’s age increases 

mortality by 7 percent for both age groups. The relationship between mortality and 

mother’s age is statistically significant. Lastly, child mortality rates in Bahr el Ghazal 

and Equatoria regions are between roughly 4.1 and 6 times higher than in the Upper 

Nile region. The three regions are statistically different at 99 percent confidence level. In 

addition, we find no discernible relationship between mortality and time, suggesting no 

true period effects on mortality.  

 
 
 
 

7 Discussion  
 
The first part of this analysis uses indirect estimation techniques to show that South 

Sudan’s infant and under-five mortality has continuously changed across the regions 

over time. Region and time are good proxies for geographical and time-specific factors 

that could have an impact on early age mortality. For example, the levels of mortality 

differ regionally because of differentiated levels of social development and exposure to 
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events such as war and other disasters. Equatoria, for example, currently reports better 

infrastructural development, economic conditions, and superior educational attainment, 

compared to the other two regions (NBS 2009). Advantage in these conditions seems to 

explain Equatoria’s gains in health outcomes, especially in the more recent periods. As 

well, in 1998, child mortality rate was relatively high in the Bahr el Ghazal region 

because of the famine that struck that year (Deng 1999). Moreover, access to 

development aid or humanitarian intervention during the interim period varied 

considerably by geographical location. Many of these efforts are concentrated in areas 

with relatively improved infrastructural, security, and social conditions, benefiting 

certain locations more than others, particularly the urban populations.  

Overall, the levels and patterns of mortality varied significantly across 

geographical locations and times. For instance, mortality rate was higher in Bahr el 

Ghazal in 1998 than the rest of the region. However, the 1983 census-based results 

indicate that Equatoria region had the highest mortality rates in the 1970s, reflecting 

perhaps the effects of nearly two decades of the first civil war, which was largely fought 

there. The 2008 census results suggest a consistently declining mortality in the country, 

from 1998 well into 2006. Between 2000 and 2006, there was a remarkable decrease in 

mortality. We suspect these declines might have been related to the propagation of 

peace that was taking place in Eastern Africa, with early ceasefire and a final settlement 

that culminated in the signing of the CPA in 2005.  

According to the 2010 household survey, mortality rose significantly across all 

regions in 2008. There are two possible explanations for this. The first concerns a 

relatively low capacity of the ruling Sudan People’s Liberation Movement (SPLM) to 
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effectively deliver basic services after replacing the northern technocrats. Because of the 

new government in the south, less experienced former rebel fighters took charge of 

service delivery, with relatively more qualified northern Sudanese returning to the 

north. As a result, services dwindled both in quantity and quality, and corruption 

escalated. The second explanation stems from the 2008 financial crisis, which led to 

reduced health funding in the country; that year, the government only paid salaries for 

health staff in the ten states.  

In the last section, we have attempted to explain early age mortality differentials 

in South Sudan using a set of human capital, socio-demographic, environmental health, 

period, and regional time-invariant variables. All the determinants considered in this 

analysis increase mortality across all ages. Residence seems to drive the influence of 

water supply, toilet access, and maternal education on mortality. This is clearly so 

because improved access to clean drinking water and toilet facility and increases in 

maternal education are intimately related to one’s residence. Thus, we have shown that 

urban children experience relatively poorer health conditions compared to rural 

children. We are not certain why urban residents suffer relatively greater odds of dying, 

especially considering that most public health investments are concentrated there. 

Perhaps these differences can be best speculated upon to have resulted from differences 

in residential health environment. That is, while urban residents are likely to have 

increased access to health services in the country, there is currently a growing concern 

of urban environments becoming increasingly polluted. Engström and colleagues (2015) 

find that Juba’s ground waters suffer fecal pollution, which increases the risk of 

diarrheal diseases, particularly among young children. Not only are South Sudan’s 
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urban areas are embroiled in poor sanitary environments, they are also largely 

dependent on diesel generators for electricity, which equally have adverse effects on the 

environments. Prevailing research indicates that sanitation is an important determinant 

of health because improved health infrastructure is associated with significant 

improvements in child health (Fink et al 2011). Likewise, environmental pollution 

caused by industrial contaminants increases early age mortality (Jensen et al 1997).  

 The study found remarkable regional differences in childhood mortality. These 

differences could be associated with differentiated levels of social development, the 

impact of war, health system reconstruction efforts, and the interaction between socio-

cultural practices and modern medicine.  For instance, educational attainment is higher 

in both Upper Nile and Equatoria regions. Similarly, the second Sudanese civil war was 

largely fought in Equatoria. In Bahr el Ghazal, 1998 witnessed increased childhood 

mortality due to the famine that struck the region that period.  

Finally, these findings are instructive of policy ideas. Of primacy is carefully 

prioritized provision of social services. This requires designing a health system that 

reflects equity in the distribution of health services throughout the country. Improved 

security, infrastructure, and human capital may help promote good health in the 

country. Looking into the future, interested researchers should seek more improved data 

to empirically investigate how early age mortality responds to a number of different 

variables we have introduced in the second part of this analysis. This should improve 

our understanding regarding the extent to which these specific conditions contribute to 

early age mortality in South Sudan.   
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Appendix  
 
A. Statistical tables 
 
This section gives detailed data analysis for the study. There are 10 tables covering both 
descriptive statistics and indirect estimates.  
 

Table 1. Sample characteristics by region and data source 
 

  
Region 

Data source Statistic 
Bahr el 
Ghazal 

Upper 
Nile Equatoria 

South 
Sudan 

1983 Census 
N 562,035 389,777 392,773 1,344,581 

CEB 1,687,713 1,123,434 933,087 3,744,236 
CD 290,796 202,226 178,180 671,200 

2006 survey 
N 3,499 2,405 2,833 8,737 

CEB 12,914 8,506 8,901 30,321 
CD 1,984 834 1,157 3,975 

2008 census 
N 78,769 83,499 78,941 241,209 

CEB 122,079 112,456 103,193 337,728 
CD 25,258 17,753 15,025 58,036 

2010 survey 
N 3,769 2,694 2,606 9,069 

CEB 12,144 8,626 8,217 28,987 
CD 1,719 701 1,179 3,599 

N is number of observations (women), CEB is children ever borne, and CD is 
children dead.  
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Table 2. Estimates of q(2) and life expectancy at birth for regions and provinces of 
Sudan, 1955/56 and 1973 

 
Estimates based on 1955/56 census 

Estimates based on 1973 
census 

Province q(2) Life expectancy q(2) 
Implied life 
expectancy 

Khartoum 0.145 48.63 0.121 52.46 
Northern 0.147 48.32 0.143 49.05 
Blue Nile 0.154 47.28 0.147 48.32 
Kassala 0.157 46.84 0.136 50.02 
Darfur 0.154 47.28 0.148 48.07 
Kordofan 0.158 46.69 0.176 44.11 
Red Sea 

  
0.159 46.59 

Upper Nile  0.252 34.41 0.241 35.69 
Bahr el 
Ghazal 0.255 34.06 0.253 34.21 
Equatoria 0.266 32.86 0.207 39.90 
Northern 
region 

  
0.141 49.29 

Southern 
region 

  
0.234 36.43 

All Sudan 0.183 43.09 0.170 44.85 
Source: Farah and Preston, 1982 (Table 1).  
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Table 3. Sample characteristics by region and data source 
 

  
Region 

Data source Statistic 
Bahr el 
Ghazal 

Upper 
Nile Equatoria 

South 
Sudan 

1983 Census 

N 562,035 389,777 392,773 1,344,581 

CEB 1,687,713 1,123,43
4 

933,087 3,744,236 

CD 290,796 202,226 178,180 671,200 

2006 survey 

N 3,499 2,405 2,833 8,737 

CEB 12,914 8,506 8,901 30,321 

CD 1,984 834 1,157 3,975 

2008 census 

N 78,769 83,499 78,941 241,209 

CEB 122,079 112,456 103,193 337,728 

CD 25,258 17,753 15,025 58,036 

2010 survey 

N 3,769 2,694 2,606 9,069 

CEB 12,144 8,626 8,217 28,987 

CD 1,719 701 1,179 3,599 

N is number of observations (women), CEB is children ever borne, and CD is children dead.  
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Table 4. Proportion dead by data source and region 

  
Region 

Data source Woman age Bahr el Ghazal  Upper Nile Equatoria South Sudan 
1983 20-24 0.145 0.132 0.153 0.143 

25-29 0.163 0.168 0.172 0.168 
30-34 0.167 0.190 0.199 0.185 
35-39 0.178 0.201 0.201 0.193 
40-44 0.204 0.217 0.239 0.220 

2006 20-24 0.118 0.064 0.090 0.098 
25-29 0.149 0.092 0.131 0.128 
30-34 0.160 0.094 0.117 0.130 
35-39 0.155 0.102 0.132 0.133 
40-44 0.140 0.103 0.150 0.134 

2008 20-24 0.125 0.087 0.109 0.108 
25-29 0.154 0.112 0.116 0.128 
30-34 0.185 0.132 0.126 0.149 
35-39 0.225 0.170 0.146 0.183 
40-44 0.259 0.199 0.178 0.215 

2010 20-24 0.099 0.059 0.129 0.281 
25-29 0.103 0.053 0.129 0.163 
30-34 0.129 0.077 0.121 0.165 
35-39 0.159 0.074 0.146 0.179 
40-44 0.215 0.119 0.178 0.234 

 
 
 
 

Table 5. Probability of dying at q(1) and q(5) by year and region based on 1983 
national census (North Model) 

 
Region 

 
Bahr el Ghazal Upper Nile Equatoria South Sudan 

Year q(1) q(5) q(1) q(5) q(1) q(5) q(1) q(5) 
1982 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
1980 0.100 0.163 0.089 0.144 0.102 0.168 0.097 0.159 
1978 0.102 0.168 0.105 0.174 0.108 0.179 0.105 0.173 
1976 0.098 0.161 0.111 0.185 0.118 0.197 0.107 0.177 
1974 0.098 0.160 0.110 0.183 0.112 0.186 0.105 0.173 
1972 0.103 0.170 0.110 0.183 0.122 0.205 0.109 0.181 
1969 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Table 6. Probability of dying at q(1) and q(5) by year and region based on 2006 
household health survey (North Model) 

 
Region 

 
Bahr el Ghazal Upper Nile Equatoria South Sudan 

Year q(1) q(5) q(1) q(5) q(1) q(5) q(1) q(5) 
2005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2003 0.072 0.113 0.038 0.053 0.066 0.103 0.064 0.099 
2001 0.089 0.144 0.059 0.091 0.086 0.138 0.080 0.128 
2000 0.093 0.151 0.061 0.094 0.073 0.116 0.078 0.124 
1997 0.086 0.139 0.064 0.098 0.076 0.121 0.075 0.119 
1995 0.073 0.116 0.059 0.091 0.080 0.127 0.071 0.111 
1992 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

 
 
 

Table 7. Probability of dying at q(1) and q(5) by year and region based on 2008 
national census (North Model) 

 
Bahr el Ghazal Upper Nile Equatoria South Sudan 

Year q(1) q(5) q(1) q(5) q(1) q(5) q(1) q(5) 
2007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2006 0.097 0.159 0.069 0.108 0.086 0.139 0.085 0.137 
2004 0.103 0.169 0.078 0.124 0.082 0.132 0.089 0.144 
2003 0.112 0.187 0.084 0.134 0.082 0.131 0.094 0.153 
2000 0.125 0.210 0.098 0.160 0.087 0.141 0.105 0.173 
1998 0.132 0.224 0.105 0.173 0.096 0.157 0.112 0.188 
1995 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

 
 
 

Table 8. Probability of dying at q(1) and q(5) by year and region based on 2010 
household healthy survey (North Model) 

Region 

 
Bahr el Ghazal Upper Nile Equatoria South Sudan 

Year q(1) q(5) q(1) q(5) q(1) q(5) q(1) q(5) 
2009 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2008 0.080 0.127 0.045 0.066 0.094 0.153 0.075 0.118 
2006 0.069 0.108 0.039 0.054 0.084 0.134 0.062 0.095 
2004 0.069 0.107 0.049 0.072 0.075 0.118 0.068 0.106 
2001 0.088 0.142 0.044 0.064 0.081 0.130 0.073 0.114 
1998 0.107 0.177 0.061 0.093 0.091 0.147 0.088 0.142 
1996 0.000 0.000 0.000 0.000 0.000 0.000 0.084 0.000 
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Table 9. Proportion dying and probability dying by age two by province, 1973 
 
Province Proportion dying Probability dying 
Bahr el Ghazal 0.260 0.273 
Equatoria 0.225 0.224 
Upper Nile  0.268 0.265 
Blue Nile  0.155 0.157 
Darfur 0.162 0.160 
Kassala 0.191 0.190 
Khartuom 0.138 0.141 
Kordofan  0.152 0.153 
Northern 0.141 0.147 
Red Sea 0.162 0.167 
Source: Ministry of National Planning, Khartoum, 1980 

 
 
 
Table 10. Infant mortality by region, 1969-2009 (North Model) 

 
Bahr el Ghazal Upper Nile Equatoria South Sudan 

Year q(1) q(1) q(1) q(1) 
2008 0.080 0.045 0.094 0.075 
2006 0.097 0.069 0.086 0.085 
2005 0.093 0.008 0.080 0.086 
2004 0.103 0.078 0.082 0.089 
2003 0.112 0.084 0.082 0.094 
2001 0.089 0.059 0.086 0.080 
2000 0.125 0.098 0.087 0.105 
1998 0.132 0.105 0.096 0.112 
1997 0.086 0.064 0.076 0.075 
1996 0.093 0.071 0.088 0.084 
1995 0.073 0.059 0.080 0.071 
1980 0.100 0.089 0.102 0.097 
1978 0.102 0.105 0.108 0.105 
1976 0.098 0.111 0.118 0.107 
1974 0.098 0.110 0.112 0.105 
1972 0.103 0.110 0.122 0.109 
Data sources: 1983 census, 2006 household survey, 2008 census, and 2010 household survey.  
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Table 11. Under-five mortality by region, 1969-2009 (North Model) 

 
Bahr el Ghazal Upper Nile Equatoria South Sudan 

Year q(5) q(5) q(5) q(5) 
2008 0.127 0.066 0.153 0.118 
2006 0.159 0.108 0.139 0.137 
2005 0.151 0.010 0.128 0.139 
2004 0.169 0.124 0.132 0.144 
2003 0.187 0.134 0.131 0.153 
2001 0.144 0.091 0.138 0.128 
2000 0.21 0.160 0.141 0.173 
1998 0.224 0.173 0.157 0.188 
1997 0.139 0.098 0.121 0.119 
1996 0.152 0.112 0.141 0.135 
1995 0.116 0.091 0.127 0.111 
1980 0.163 0.144 0.168 0.159 
1978 0.168 0.174 0.179 0.173 
1976 0.161 0.185 0.197 0.177 
1974 0.160 0.183 0.186 0.173 
1972 0.170 0.183 0.205 0.181 
Data sources: 1983 census, 2006 household survey, 2008 census, and 2010 household survey. 
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Table 12: Sample characteristics, 1997-2010 
 
Variable 

 
Mean 

 
N 

Mortality 
  Infant 22.02 29,006 

U5M 22.39 29,772 

Mother's education 
 <=Primary 96.16 28,628 

Secondary+ 3.84 1,144 
Residence   
Rural  74.07 22,051 
Urban 25.93 7,721 
Toilet facility  
Unsafe 80.02 21,886 
Safe 19.98 5,465 
Child's sex 
Male 47.96 14,280 
Female 52.04 15,492 
Logged conflict events 1.68  

(1.155) 
29,772 

Water source 
Unsafe 88.13 24,592 
Safe 11.87 3,313 
Mother's age 29.922 

(7.385) 
29,772 

Region 
Upper Nile 34.31 10,215 
Bahr el Ghazal 41.22 12,273 
Equatoria  24.47 7,284 
Notes: In the parentheses are the standard deviations; 
N is the number of observations. 
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Table 13: Mortality decomposition, 1997-2010 

 
Mortality 

Variable Infant U5M 
Education   
Primary<= 0.214 0.218 
Secondary+ 0.386 0.368 
Residence 

  Rural 0.180 0.182 
Urban  0.340 0.343 
Toilet facility 

 Unsafe 0.216 0.221 
Safe 0.228 0.228 
Water supply 

 Unsafe 0.219 0.224 
Safe 0.245 0.242 
Region 

  Upper Nile 0.102 0.101 
Bahr el Ghazal 0.274 0.273 
Equatoria  0.298 0.314 
Notes: Mortality is the probability of dying at age x for a particular mortality 
category. 
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Table 14: Regression analysis of regional differences in infant and under-five mortality, 1997-
2010 

 
Model 

Variable Infant U5M 
Mother's education 

 Secondary+ 1.268 
(0.829) 

1.147 
 (0.732) 

Residence   
Urban 2.785*** 

(0.900) 
2.806*** 
(0.896) 

Toilet (ref: bush)   
Safe facility 0.836 

(0.249) 
0.816 
(0.240) 

Child's sex  
Female 1.139 

(0.169) 
1.094 
(0.161) 

Logged conflict events 0.903 
(0.108) 

0.870 
(0.104) 

Water (ref: unprotected)   
Safe source 1.269 

(0.445) 
1.255 
(0.440) 

Region (ref: Upper Nile) 
Bahr el Ghazal 4.098*** 

(1.638) 
4.116*** 
(1.632) 

Equatoria  4.917*** 
(1.966) 

5.663*** 
(2.371) 

Mother's age 1.074*** 
(0.018) 

1.073*** 
(0.018) 

Year fixed-effects Yes Yes 
N 26,341 27,078 
Notes: *** represents significance at 0.99 confidence level; U5M is under-five mortality; all 
estimates are in odd ratio scale; N is the number of observations; in the parentheses are cluster 
robust standard errors; conflict events is the number of annual violent conflicts recorded in each 
region.   
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Table 15A: Infant mortality in South Sudan, South Model 

1983 census 
2006  

health survey 
2008 

census 
2010 

health survey 
0.06819 0.07960 0.08221 0.06846 
0.10480 0.07203 0.09255 0.08121 
0.11610 0.09290 0.09967 0.07540 
0.11897 0.09213 0.10584 0.08239 
0.11927 0.09204 0.11852 0.09007 
0.12546 0.08968 0.12806 0.10641 
0.12312 0.10619 0.13706 0.10551 

Notes: The table presents the probability of dying for infants 
between 1969 and 2009.  

 
 
Table 15B: under-five mortality in South Sudan, South Model 

1983 census 
2006  

health survey 
2008 

census 
2010  

health survey 
0.08777 0.10663 0.11114 0.08821 
0.15545 0.09398 0.13048 0.10941 
0.17869 0.13118 0.14497 0.09954 
0.18460 0.12963 0.15761 0.11147 
0.18522 0.12945 0.18367 0.12550 
0.19807 0.12472 0.20349 0.15877 
0.19320 0.15833 0.22239 0.15692 

Notes: The table presents the probability of dying for infants 
between 1969 and 2009. 

 
 
Table 16A: Infant mortality in Bahr el Ghazal region, South Model 

1983 census 
2006  

health survey 
2008 

census 
2010  

health survey 
0.10117 0.08281 0.00000 0.05409 
0.10696 0.08128 0.07135 0.08427 
0.11349 0.10247 0.10692 0.08100 
0.11095 0.10639 0.12471 0.09245 
0.11291 0.10238 0.14167 0.10406 
0.11983 0.09201 0.15050 0.12374 
0.11173 0.11156 0.15746 0.11349 

Notes: The table presents the probability of dying for infants 
between 1969 and 2009. 
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Table 16B: under-five mortality in Bahr el Ghazal region, South Model 

1983 census 
2006  

health survey 2008 census 
2010  

health survey 
0.14803 0.11220 0.00000 0.06625 
0.15991 0.10954 0.09286 0.11481 
0.17332 0.15069 0.15983 0.10906 
0.16809 0.15874 0.19651 0.13027 
0.17212 0.15051 0.23217 0.15395 
0.18638 0.12939 0.25108 0.19450 
0.16969 0.16935 0.26620 0.17332 

Notes: The table presents the probability of dying for infants between 
1969 and 2009. 

 
Table 17A: Infant mortality in Upper Nile region, South Model 

1983 census 
2006  

health survey 
2008 

census 
2010  

health survey 
0.03212 0.00148 0.00000 0.05276 
0.09730 0.04362 0.05111 0.05236 
0.11666 0.07179 0.08409 0.04434 
0.12309 0.07417 0.09724 0.05978 
0.12451 0.07907 0.11510 0.05716 
0.12631 0.07608 0.12377 0.08001 
0.12848 0.10119 0.13727 0.09351 

Notes: The table presents the probability of dying for infants 
between 1969 and 2009. 

 
Table 17B: under-five mortality in Upper Nile region, South Model 

1983 census 
2006  

health survey 
2008 

census 
2010  

health survey 
0.03736 0.00172 0.00000 0.06431 
0.14017 0.05179 0.06195 0.06373 
0.17983 0.09359 0.11448 0.05273 
0.19315 0.09749 0.14005 0.07465 
0.19609 0.10572 0.17663 0.07075 
0.19984 0.10066 0.19456 0.10734 
0.20438 0.14808 0.22284 0.13242 

Notes: The table presents the probability of dying for infants 
between 1969 and 2009. 
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Table 18A: Infant mortality in Equatoria region, South Model 

1983 census 
2006  

health survey 
2008 

census 
2010  

health survey 
0.06585 0.07603 0.00000 0.08691 
0.10964 0.07410 0.06305 0.10055 
0.11951 0.09762 0.08661 0.09565 
0.12861 0.08711 0.09461 0.08840 
0.12557 0.09278 0.10391 0.09816 
0.13645 0.09744 0.11438 0.10837 
0.13843 0.10471 0.12101 0.10787 

Notes: The table presents the probability of dying for infants 
between 1969 and 2009. 

 
Table 18B: under-five mortality in Equatoria region, South Model 

1983 census 
2006  

health survey 
2008 

census 
2010  

health survey 
0.08404 0.10058 0.00000 0.11957 
0.16540 0.09737 0.07967 0.14676 
0.18571 0.14083 0.11901 0.13681 
0.20465 0.11995 0.13467 0.12234 
0.19830 0.13093 0.15364 0.14193 
0.22110 0.14047 0.17514 0.16279 
0.22530 0.15528 0.18882 0.16177 

Notes: The table presents the probability of dying for infants 
between 1969 and 2009. 
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B. Statistical figures 
 

1. Regional comparisons  
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2. Consistency	  checks	  	  
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C. Map of South Sudan  
 

 
Fig. 20: Map of South Sudan's three regions 
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The Impact of Public Spending on Infant and Under-five Health in South 
Sudan 

 
 
Abstract  
 
Using representative household sample and census data and unconditional state financial 
transfers this study examines the relationship between child health and per capita health 
spending in South Sudan. Multilevel mixed effects models help exploit this exogenous 
relationship and indicate that a percent increase in per capita health spending increases 
early age mortality. However, the estimates are statistically insignificant, suggesting that 
health spending has no true bearing on health outcomes in South Sudan. These results 
imply that health spending is ineffective in settings characterized by poor governance, 
corruption, low human capital, institutional futility, and misaligned international aid—
conditions in which South Sudan is mired. Improved governance and enforcement of 
robust monitoring and accountability measures in social services provision may make 
health spending more effective in the country. As well, in the early phases of transition 
from fragility, foreign aid serves as bedrock of an encompassing recovery, hence should 
be structured to meet both statebuilding and service delivery responsibilities in post-
conflict environments.  
 
 
1 Introduction  
 

The South Sudanese healthcare system is decentralized, with an umbrella central 

government that provides policy and stewardship guidance to states and other 

subnational administrative units. This style of governance, a number of studies show, 

leads to positive social outcomes, especially in health and education (Faguet 2004; Faguet 

and Sanchez 2007; Crook and Sverrisson 1999). Still, the impact of decentralization on 

social services depends on specific designs and institutional commitments (Litvack et al 

1998). And when the design is appropriate, decentralization allows increased investment 

in human capital and basic services through public participatory approach, enabling the 

disadvantaged sections of the society to become more involved in seeking programs that 

most address their primary needs (Faguet 2004). Unless otherwise noted, South Sudan 
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and Southern Sudan are interchangeably used to mean the same thing, with South Sudan 

being the current Republic and Southern Sudan representing a former region of the 

Sudan.  

In 2011, South Sudan gained its independence after a long civil war†, adopting two 

forms of decentralization, devolution and delegation, as a way to restore and manage its 

fragile health system. Bossert and Beauvais (2002) define devolution in health 

management as shifting authority from the national ministry of health to state, provincial 

or municipal governments, and delegation to refer to granting semi-autonomous agencies 

new powers. This health system, akin to a reform in a newly independent state, makes for 

a new context under which decentralization theory of health care governance can be 

tested.  

Secondly, between 2006 and 2011, the South Sudan federal government allocated 

health funds to the subnational governments irrespective of their needs and priorities, 

implying a system that is more likely to be unresponsive. The South Sudanese health 

funding framework, therefore, contradicts the underlying expectation that health systems 

are supposed to improve health via investments aimed at addressing sector’s immediate 

concerns (Kruk et al 2010). That is, in line with the decentralization theory, financial 

transfers from the South Sudanese national government to subnational levels should have 

largely responded to the local health conditions during the interim period. But because 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
† South Sudan is going through another civil war which erupted in December 2013. As a result, 
thousands have been killed and a million others displaced. This is a setback for development in 
the world’s newest country, increasing mortality risk for infant and young children. This analysis 
does not account for this new risk. As well, the impact of humanitarian intervention on child 
health is not controlled for in this study due to an underlying lack of reliable data.  
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the distribution of these federal funds to the local levels has rather been unsystematic or 

based on convenience, this framework readily invokes an important identification 

problem, where potential exogenous variation between health outcome and public 

spending is exploited. Our robustness check indeed confirms this suspected independence 

between per capita spending and early age mortality.  

Thirdly, in 2005 South Sudan emerged from over two decades of a civil war, which 

debilitated its systems, particularly health and economic infrastructure. Soon after the 

Comprehensive Peace Agreement (CPA) was signed between the Government of Sudan 

and the then Sudan People’s Liberation Movement/Army (SPLM/A), a new government 

was instituted to address a multitude of transitional challenges, with concentration on 

poor health being one of the priorities. Research shows that conflict afflicted states 

experience ineffective governance, with dire consequences for health, as violence and 

instability often decimate or undermine the health capacity necessary to meet primary 

healthcare needs in the country (Haar and Rubenstein 2012; Kruk et al 2010). When 

peace is finally attained, rebuilding these health systems to provide direly needed services, 

therefore, becomes a priority that requires substantial health financing (Carrin et al 2007). 

These sorts of transitions from collapse and violence to the halting of hostilities and nation 

building make understanding the impact of health sector recovery efforts on health 

outcomes in a post-conflict setting quite crucial, both in the context of practice and 

teaching (Cometto et al, 2010). How post-conflict governments respond to immediate 

population basic needs is particularly fundamental for policy, especially in light of 

designing institutional reforms and innovations capable of ensuring good governance 
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(Booth and Gammack, 2013). Kruk et al (2010) “argue that early investments in the 

health system may be a particularly promising development opportunity in countries 

recently emerging from armed conflict.” The authors suggest that rebuilding a functional, 

equitable health system in a post-conflict setting is likely to promote good health and leads 

to effective state-building (Kruk et al 2010).  

This study focuses on health services and assesses the impact of per capita public 

spending on infant and under-five health in South Sudan. Specifically, it explores how 

infant and under-five health outcomes across the ten states of South Sudan responded to 

health-related state and donor-sponsored expenditure during the interim period (2006-

2010). While the average government health expenditure varied between 4 and 8 percent 

annually in the interim period, donor-sponsored contribution accounted for 30 percent of 

the government’s total budget (Gubbins and Walque 2012). We focus on infant and 

under-five health because it is an important measure of human development, as well as 

standard in the health literature. The study is intended to stimulate policy discussions that 

may enhance service delivery for improved health in countries emerging out of armed 

conflict. First, we test the theory that decentralization leads to better health outcomes, 

and contribute to existing knowledge by focusing on a new context, South Sudan. 

Secondly, we use a unique identification strategy that examines a possibility of exogenous 

variation between health and spending. This is essential because central government’s 

funds to subnational institutions in South Sudan were unsystematically distributed 

between 2006 and 2011, eliminating any threats of a noisy causal inference. Thirdly, the 

analysis assumes and tests for state-level and residential types heterogeneity in explaining 
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child health-spending relationship. A final contribution of this work concerns exploring 

the impact of health sector recovery efforts on health outcomes in a post-conflict setting. 

This is implied in the way in which mortality responds to health investments in our 

assessment. These research themes address a broad question of public health governance, 

focusing primarily on health expenditure as a principal indicator of state responsiveness to 

the local development priorities. From our identification strategy perspective, how an 

individual state addresses local needs only depends on health system designs that best 

make use of transfers or federal funds, and not on the actual level of transfers spent. The 

significance of public spending on health and other human development outcomes has 

been a subject of considerable debate, with varying findings (Faguet 2002; Filmer and 

Pritchett 1999; Gupta et al 2002; Jack and Lewis 2009; Filmer et al 2000). Section 2 of 

the analysis reviews this debate and sets an illuminating stage for our empirical appraisal.  

Using nationally representative household survey and census data the study measures 

child health as infant or child mortality to an individual household (child) i in state k. 

Health expenditures are extracted from government annual budget and expenditure 

books, with restriction to 2006-2010 period. This time window is chosen because 

allocation of funds to subnational governments was unsystematic, and because health 

information is only available for this period. Public expenditure is the per capita amount 

in American Dollars the central government spent on health programs in each state 

annually during the interim period (2005-2011). The total health expenditure, however, 

includes a share of aid contribution amounting to 30 percent of the total expenditure. 

Our identification strategy, which equally emphasizes the importance of unobserved 



	  

	  

63	  

heterogeneity at state and urban-rural levels, takes advantage of the unsystematic 

allocation of this public expenditure, and makes a case of potential exogenous variation 

between health and spending. Since transfers to subnational levels are independent of 

local health needs, a mixed effects logistic regression procedure is considered appropriate 

for analyzing the health-expenditure relationship. This analytical strategy scores two 

important points. First, it treats unobserved heterogeneity as a random variable and 

estimates its influence using variance component. Secondly, the procedure allows children 

who share the same cluster or residential setting to have correlated variances. Most 

important, that transfers are independent of local health conditions helps us get around 

the concern of endogeneity regularly cited in the health-public spending literature. 

 Part two of this strategy assumes state-level heterogeneity in the influence of 

public spending on health due to a number of local factors that are not directly 

observable. The last part of the study exploits the assumption that child health outcomes 

conditional on spending vary by residential dichotomy, with emphasis on urban and rural 

settings. Just like states, different residential settings differ substantially on factors that may 

not be readily observable, impacting upon health outcomes via public spending.  

The remainder of the study proceeds as follows. Section 2 reviews the ongoing debate 

on the relationship between health and public spending, governance, post-conflict health 

systems recovery, key health measures, and child health experience in South Sudan. 

Section 3 gives a brief context of the setting, with emphasis on historical violence, systems 

of governance, health system recovery policies or rebuilding efforts and fiscal 

commitments. Section 4 details our methodology, including data sources, and empirical 
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strategies.  Section 5 presents the findings, and Section 6 discusses the results, offers policy 

ideas, and suggests ways to inform future research.  

 
2 Public spending and health 

 

Public spending is critical because it creates investments that improve health in the 

population (Pritchett and Filmer 1999; World Bank 2013; Gupta et al 2002; DHS 2005 

and 2011). These investments support economic growth and promote good health via 

several channels (Deaton 2003; World Bank 2013). Health also impacts on other social 

programs and basic development. Specifically, Bloom et al (2001) find that “good health 

has a positive, sizable, and statistically significant effect on aggregate economic output”. 

But health programs in developing countries are often provided at little to no cost to 

users, creating incentives that enable certain sections of the population to gain improved 

access to healthcare services, as is evident in Ethiopia where substantial reductions in 

infant and childhood mortality after the introduction of the Health Extension Program 

(HEP) have been observed between 2005 and 2011, placing the country on track with the 

Millennium Development Goals (MDGs) (ODI 2010). Similarly, Deininger and Mpuga 

(2004) in their analysis of the economic and welfare effects of the abolition of health user 

fees in Uganda find that ‘the abolition of user fees significantly improved access to health 

services’, especially among the poor whose spending on health gets significantly depressed 

when the policy changes. Moreover, public spending increases access to other essential 

services such as education, leading to rises in the average years of maternal schooling, 
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which has been shown to promote infant and child health (Asefa et al 2000; Caldwell 

2001).  

Likewise, public investments promote economic development, with considerable 

influence on household health and individual outcomes (Preston 1975; Pritchett and 

Filmer 1999; Birchenall 2007; Cutler et al 2006). Finally, and in the context of Sub-

Saharan Africa, public funded service programs are essential for alleviating economic 

hardships among the rural poor, raising standards of living there (Basinga et al 2011; 

Sahn et al 2003; Gentler and Vermersch 2013). Rural populations suffer from limited 

access to economic opportunities, hence are often subjected to relatively poorer health 

services and outcomes (Deaton 2003). This is particularly important in light of the fact 

that economic vulnerabilities are associated with ill health outcomes (Deaton 2003).  The 

effectiveness of public spending depends on economic conditions of the recipients, with 

health improvements observed in areas with poor economic conditions compared to 

economically superior areas (World Bank 1995b; Filmer et al 2000). As well, institutional 

capacity has implications for the effectiveness of public spending on health because poor 

institutional quality retards service provision (Filmer et al 2000).    

There is a flurry of regional evidence with respect to the link between health 

outcomes and public spending under decentralization. For instance, in Ethiopia, infant 

and child health improved significantly following a substantial investment in public health 

programs (DHS 2011). Between 2005 and 2011, Ethiopia saw a reduction of nearly 30 

percent in childhood mortality, an increase in the proportion of rural residents with 

access to safe, drinking water, and a reasonably plummeting poverty level (DHS 2011; 
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HDA 2013). These positive health and economic changes in Ethiopia are prominently 

owed to the Promoting Basic Service (PBS) program, which supports a newly instituted 

health extension program aimed at improving health in the rural areas (Asefa et al 2000).     

Public spending improves access to basic education, especially among women, 

which in turn influences child health in a potent way (Caldwell 2001). This is in reflection 

of the evidence that an increase in average years of schooling improves household’s 

knowledge of health, and provides other economic incentives (Caldwell 2001). The 

Ethiopia public investment model, for example, offers an empirical insight linking access 

to antenatal care service and female education, suggesting that more educated women are 

much more likely to demand the care than their less- or non-educated counterparts (DHS 

2005). More specifically, a high 81 percent of women with secondary schooling or higher 

acquire antenatal care services compared to only 22 percent of women with little to no 

education in Ethiopia (DHS 2005). In addition, professionally assisted childbirth in 

Ethiopia varies with the level of maternal education, with 58 percent of better-educated 

women seeking this professional service; this is in sharp contrast with only 2 percent 

among lowly- or non-educated women. Because more educated women tend to be better 

informed they are less likely to be “intimidated when seeking health care for themselves 

and are therefore more likely to overcome barriers to accessing health care” services 

(DHS 2011). Alternatively, large-scale public expenditure on education, health or 

otherwise, boosts access to basic learning, increases human capital capacity, and, in 

return, reduces infant and child mortality (Gupta et al 2002).   
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As is the case with Ethiopia, the Rwandan public health investment has been 

remarkably praised for its potent results (Logie et al 2008; Basinga et al 2013; Morgan 

2010; Gertler and Vermeersch 2013). There health improvements are owed to health 

care system that distributes health services to municipalities or districts, with each district 

supplying all necessary health services to roughly 20,000 people (Logie et al 2008). 

Rwanda employs a three-track health care system that combines aid coordination with 

nationwide health insurance scheme and performance-based reward initiative for health 

facilities and service providers (Logie et al 2008; Morgan 2010). These national health 

promotion strategies are shown to have contributed to better health in Rwanda, at least 

crudely. Empirical evaluation of these programs suggests that the pay for performance 

strategy has led to a 20 percent increase in health productivity, making significant 

improvements in child and maternal health outcomes (Gertler and Vermeersch 2013).  

Dupas (2011) suggests that governments throughout the world are obligated to 

intervene in matters related to health. This is even more pronounced in post-conflict 

settings where health system recovery is key to restoring peace and stability (Kruk et al 

2010). The first expectation concerns access to adequate health care as fundamental 

human rights, often with emphasis on equity. Governments that are responsive to this 

obligation are likely to provide primary health care services usually at no cost to the users 

(Dupas 2011). The second obligation that necessitates governments’ intervention 

concerns the health sector private market failures (Dupas 2011). The government takes 

up some delivery responsibilities if the private markets are not effective to meet the health 

needs of the population (Dupas 2011). Linking private market conditions to government 
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interventions in health suggests that ‘the net effect of government health services depends 

on the severity of market failures’ (Filmer et al 2000; Jack and Lewis 2009). A heightened 

severity in the market failures, per this proposition, increases the likelihood that public 

spending will have an impact on health outcomes (Filmer et al 2000).  

How governments respond to private market failures to promote health and other 

local needs has spurred an interdisciplinary debate in the recent periods (Crook and 

Sverrisson 1999; Faguet 2002; Dupas 2011). This debate has centered on how systems of 

governance facilitate service delivery. For example, Jean-Paul Faguet (2002) investigates 

whether decentralization increases government responsiveness to local needs in Bolivia 

and finds that human capital and social services investment changes substantially with the 

introduction of decentralization. The author notes that decentralization is effective where 

the poorest sections of the society invest state transfers in the order of their top priorities 

(Faguet 2002). This finding implies that decentralization can be instrumental in boosting 

investments in human capital and social services, improving targeted outcomes especially 

in populations that are economically disadvantaged (Faguet 2002). Similarly, Crook and 

Sverrisson (1999) assess if a decentralized form of government is more responsive to the 

needs of the poor, while controlling for political and regime contexts. Like Faguet, their 

major theory is that decentralization ensures a closer relationship between the 

government and the governed, subjecting governments to become more responsive to the 

local needs (Crook and Sverrisson 1999).  

However, a decentralized health system may turn out to be ineffective as in North 

Sudan (World Bank 2011). This is because the responsiveness of subnational governments 
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to local demands depends on the capacity to raise revenues locally, consistent flows of 

federal transfers, robust policies guarding against elite capture, and the ability to 

rationalize public expenditure in accordance with pressing priorities—factors that could 

be hardly addressed in a low-capacity, post-conflict environment (World Bank 2011). In 

the context of South Sudan, such institutional caveats are of considerable concern, and 

may have impeded the government’s processes and efforts to improve health systems and 

outcomes in the region during the interim period. If our speculations are right, then 

health spending, no matter the level, may not have a significant effect on health outcomes 

in the country.  

 

2.1 Child mortality in South Sudan  
 

Child mortality rate in South Sudan is relatively high compared to most regional and 

global estimates (UNICEF and NBS 2006; World Bank nd). Regionally, for instance, 

under-five mortality ranged from 56 in Eritrea to 83 in Sudan, compared to a high108 

per 1000 live births in South Sudan in 2010. In addition to under development, violence 

has been a significant contributor to high mortality in this region. Over the decades since 

Sudan’s independence, South Sudan’s child mortality levels have fluctuated, with high 

rates corresponding to periods of political turbulence. But Farah and Preston (1982) 

observe that the probability of death among children in the southern region in the mid 

1970s slightly decreased from 26 percent in the 1960s to 23 percent, reflecting a gain in 

survival after the southern rebels signed peace with the Sudanese government in 1972. 

Abu El Yamen (2006) equally shows that under-five mortality in the southern region 
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consistently declined in the 1980s, averaging around 150 per 1000 live births as opposed 

to roughly 170 in the 1970s.   

Roth and Kurup (1990) analyze child mortality conditions in two regional 

headquarters, Wau and Juba, to evaluate the impact of the UNICEF’s health care 

program on the region’s child health outcomes. Using the Brass et al (1968) indirect 

estimation methods, the authors find that the average probability of dying among 

southern Sudanese children under the age of five averaged roughly 14 percent or 140 

deaths per 1000 live births in the 1990s. This result shows a continuing decline in the 

region’s under-five mortality, even roughly 10 years into the country’s second civil war.  

After the early 1990s, when the war between the Sudanese government and Sudan’s 

People Liberation Army/Movement (SPLA/M) rebellion finally intensified, child health 

subsequently deteriorated across southern Sudan, with more children dying in the years 

that followed compared to the earlier ones. For example, crude under-five mortality rose 

to a high 250 per 1000 people in 2004 (UNICEF 2004), resulting in an excess of 110 

deaths from a low 140 in 1990. The surging risk of mortality likely related to the elevated 

spread of infectious diseases and rampant malnutrition in a population faced with armed 

violence, with significant rises in the probability of early age death as a consequence 

(Guha-Sapir et al 2005). The UNICEF’s estimates surely elicit the proposition that 

violence diminishes child’s survival through increases in poor health conditions, among 

others (Guha-Sapir et al 2005). The alternative interpretation of this proposition is that 

violence deprives children of proper feeding and access to quality health services (Guha-

Sapir et al 2005). A similar study suggests that poor feeding in younger children impairs 
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their immune system, exacerbating, among other poor health consequences, severe 

diarrheal diseases, and resulting in a higher risk of morbidity and mortality (Rice et al 

2000).  

Southern Sudan’s National Bureau of Statistics (NBS) and UNICEF (2006) document 

a decline in infant and under-five child mortality in post-conflict southern Sudan. In a 

joint policy report, the two institutions record average mortality rate of 102 for infants, 

and 135 for the under-five in 2006 (NBS and UNICEF 2006). Compared to the 2004 

estimate (250 per 1000 live births), the under-five mortality in 2006 was 115 children 

lower, an astounding gain in childhood survival two years after the preceding report and 

one year following a resolution to the conflict. But the 2006 estimates for southern Sudan 

remained approximately 20 percent higher than in the rest of the Sudan, suggesting a 

prevalence of conflict-related enduring health effects. In addition, the study shows 

substantial differences in under-five mortality across southern states, with Western 

Equatoria (192) ranked the highest, followed by Warrap (176), Northern Bahr el Ghazal 

(165), and Central Equatoria (141), respectively (NBS and UNICEF 2006). The under-

five mortality rate was lowest in Unity state and averaged 82 per 1000 live births there 

(NBS and UNICEF 2006). A follow up study conducted in 2010 shows a similar pattern 

(Ministry of Health and NBS 2013). According to this study, there seems to have been a 

remarkable early age mortality transition. For instance, infant mortality declined to 79 

per 1000 live births, from 102 four years earlier and under-five mortality to 108 per 1000 

live births, from 135 according to the earlier survey.  
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2.2 Health measures 
 

There are many channels through which health spending can have advantageous 

manifestations for early age health. One such manifestation resides with how health 

investments operate via health indicators. This analysis reviews the state of key health 

measures in South Sudan, including child vaccination/immunization, malnutrition and 

breastfeeding, and antenatal care, with emphasis on evidence collected between 2006 and 

2010.  

Objective number four of the Millennium Development Goals (MDGs) attempts 

to reduce childhood mortality by two-thirds by 2015. As a joint project between national 

governments and subordinating international agencies, vaccination or immunization 

programs have been introduced and scaled up as one of the means of achieving this goal, 

with as many as millions of children being saved as a consequence. South Sudan, like the 

rest of the nations, has policies that concentrate on child health improvement as one of its 

developmental targets, and in 2006, the country carried out a survey which shows that 

the number of aged 12-23 months vaccinated against childhood ailments varied between 

5.5 percent in Western Bahr el Ghazal and 43.6 percent in Central Equatoria (SHHS 

2006). These numbers drastically declined according to the 2010 follow-up study, with an 

estimate of childhood vaccination dropping to as low as 1.3 percent in Northern Bahr el 

Ghazal. However, it is not clear whether this startling disparity results from either a 

difference in sample sizes or low investment in health or both.   

Low quantity or insufficient quality nutrition causes millions of deaths among 

young children annually (Horton et al 2010). In this analysis, we focus on weight for age 
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as a measure of under-nutrition, a critical indicator for mortality risk. Specifically, weight 

for age measures how pervasive or chronic malnutrition in children is. We find that 

under-nutrition, measured as underweight prevalence by deriving the proportion of 

children under age five who fall below minus-two standard deviations, is widespread in 

South Sudan. In 2006, for example, roughly 43 percent of under-five children were 

underweight in Unity state, the highest in the country. This compares to the lowest 19 

percent in Lakes state and 33 percent nationally (SHHS 2006). These levels have rather 

varied across states since then, with the national average estimated at close to 28 (27.6) 

percent according to the 2010 household health survey, showing a reduction of 

approximately 5 percent in four years. The prevalence of underweight was 29 percent for 

rural children and 22.8 percent for their urban counterparts. Between 2006 and 2010 the 

rest of the states except Lakes, Warrap, and Unity, saw reductions in underweight 

prevalence, with estimates ranging from a modest 3.4 percent in Western Equatoria to a 

significant 15 percent in Western Bahr el Ghazal. Among the three states with worsening 

underweight prevalence, Lakes state presents the largest increase at close to 11 percent. 

Although there have been improvements in this indicator in much of the country, our test 

for the relationship between underweight prevalence and per capita health spending, 

however, was insignificant, both numerically and statistically.   

Likewise, breastfeeding is considered an essential source of quality nutrition for 

young children. The World Health Organization (WHO) recommends that children be 

exclusively breastfed for at least 6 months, with a choice for continuation for two or more 

years. Breastfeeding is highly critical for child’s health because not only does it provide 
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necessary nutrition, it also protects against infection. Infants are often at a greater risk of 

infection, with breastfeeding as a primary, potent measure for ensuring good health for 

the newborns. Where children are reasonably breastfed, infant mortality turns out to be 

relatively lower (Brass et al 1968; UN 1983). Brass and colleagues further find that when a 

child is weaned with limited subsequent quality nutrition, however, survival probability 

declines, a reason for higher rate of child mortality, especially among the under-five. 

According to this proposition, the nature of nutrition mostly underlies early age mortality 

outcome. And because breastfeeding is generally common in Africa and weaning occurs 

much later, the infant risk of mortality is greatly reduced. Evidence based on household 

studies indicates that breastfeeding is highly prevalent in South Sudan, with a percent of 

children aged 12-15 months who continue to breastfeed ranging from 57 in Jonglei to 

nearly 85 in Western and Eastern Equatoria (SHHS 2006). South Sudan averaged 72 

percent for children breastfed over a period of 12-15 months according to the 2006 

baseline household health survey.  In 2010, the national average for children who were 

ever breastfed rose to a high 93 percent, with the period of breastfeeding lasting 17 

months, on average (SHHS 2010). Perhaps one of the significant pathways through which 

public spending relates to nutrition/breastfeeding is the promotion of both nutritional 

quantity and quality for lactating mothers (Horton et al 2010).  

Finally, antenatal care, especially tetanus immunization, is essential in providing 

necessary defense against tetanus infections among pregnant women. As well, antenatal 

care services are instructive of health risks involved in pregnancy, allowing women and 

families to seek proper care or measures throughout the duration of pregnancy. 
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Monitoring pregnant women’s health while prioritizing their safety promotes fetal growth 

hence better health in infancy. In 2006, tetanus protection vaccine in South Sudan 

averaged 30 percent, though with a significant variation across states. For instance, a 

tetanus protection vaccine was administered to 10 percent of pregnant women who had a 

live birth 2 years before the survey in Jonglei; in Central Equatoria, in contrast, as many 

as 55 women out of a hundred were immunized. The 2010 study, however, shows an 

increase in the number of women vaccinated against tetanus in the country. Nationally, 

37 percent of women were vaccinated, compared to a marginal 17 percent in Warrap 

and an exceedingly high 71 percent in Central Equatoria, respectively (SHHS 2010).  

Nationally, at least 16 percent of pregnant women received antenatal care vaccination in 

2006. Across the states, antenatal care provision was as low as 0 percent in Unity and as 

high as 47 percent in Lakes. The 2010 estimates show progress, however. The national 

average stood at 41 percent during this period as contrasted with a low 19 percent in 

Warrap and a relatively high 72 percent in Central Equatoria.  

We argue that such notable improvements in these health indicators, though not 

uniformly, presumably reflect potential gains in the country’s overall health over the 

years, perhaps as a consequence of increased investments in health services or as a 

manifestation of returns to other development initiatives, such as scaled up financing in 

education, infrastructure, and local production or markets. Moreover, the observed 

improvement may also be a consequence of aid assistance toward health, with major 

programs being funded by the USAID and DFID.   
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3 Context 
 
South Sudan is a constitutional, quasi-federation comprising 10 states. The South 

Sudanese political system is decentralized so that there is power devolution between 

national and subnational governments (South Sudan Transitional Constitution 2011). 

The country became the world’s newest state in 2011 with a population of roughly 11 

million people as of 2012 (World Bank). The independence came as a result of the 2005 

peaceful resolution to the 22 years of armed conflict in the Sudan. The 2005 peace 

agreement (CPA), provided for a 6-year interim period under one Sudan, but with the 

Government of Southern Sudan (GoSS) governing the southern region under the 

leadership of the SPLM/A. The country was governed under two systems based on 

power and wealth sharing, and security arrangements in an effort to make peace and 

unity of the Sudan attractive. The interim period was to be followed by a referendum for 

South Sudanese to either secede or remain part of the greater Sudan. In 2011, in an 

internationally monitored plebiscite, Southern Sudanese overwhelmingly voted in favor of 

separation; that same year, the world bodies quickly recognized the infant state. Prior to 

independence and during the civil war, over 2 million people died, many of them South 

Sudanese, due to direct causes of violence, economic, and health services deprivation 

(Burr 1998). In 2005, the CPA became a crucial policy tool for system recovery in 

southern Sudan, as peace meant a revival of development and rebuilding of lives. One of 

the primary foci of the CPA was health system recovery.  

The Government of Southern Sudan proposed an interim health system recovery 

policy that covered the 2006-2010 period, committing to equity, accessibility, and 
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efficiency of healthcare service provision at all levels in the region. The policy, which 

remains in force, advocates for a 4-tier decentralized health system, with the first tier 

being the federal government which is responsible for stewardship, policy, financing, and 

resource management; the second tier are the states responsible for leadership, 

supervision, monitoring and evaluation, sectoral and intersectoral coordination, 

implementation of service activities, and the management of referrals; counties are 

responsible for service delivery, coordination, developing work plans, and assisting with 

referrals; and community centers deal with outreach and public participation issues. For 

the policy to achieve its primary objectives, such as addressing excess mortality and 

morbidity and providing incentives for health system recovery, a reasonable financing is 

required (Gubbins and Walque 2012; Kruk et al 2010). The policy stresses access gap in 

health care services as a leading hindrance to development, partly because only 25 

percent of the entire population was thought to have had access to healthcare services at 

the time of peace (GoSS 2006). As well, the policy seeks to meet key MDGs targets, 

including reducing under-five mortality from 250 per 1000 life births in 2006 to 140 in 

2010, maternal mortality from 1700 per 100,000 births to 850, boosting TB case 

detection from 6 to 51 percent, and improving overall health care access in the region 

(GoSS 2006).  

Another critical goal of this policy relates to improving the health infrastructure, 

including providing clean water and hygienic facilities in South Sudan. The decision to 

incorporate infrastructural recovery in this health policy was necessitated by the evidence 

that 48 percent of deaths in under-five children in southern Sudan were attributable to 
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environmental contaminants (GoSS 2005). In addition, at the time of peace, rural 

communities suffered severe health outcomes and had limited access to safe water 

supplies and sanitation facilities, with safe water and sanitary facilities coverage each 

estimated around 30 percent against 60 and 50 percent coverage, respectively (JAM 

2005). Additional commitment of the nascent government’s health recovery policy 

concerns combating malaria and the elevating emergence of the HIV/AIDS prevalence 

in the population. The incidence of malaria among children under-five is considered 

relatively high in the regional context (GoSS 2009), and the prevalence of HIV/AIDS is 

growing, peaking at 3 percent in 2008, and it might have hiked in recent years due to an 

economically induced international migration between East Africa and South Sudan 

(GoSS Ministry of Health 2008).   

As of 2012, household health care access improved in South Sudan (Gubbins and 

Walque 2012). The authors show nation-level average household access to health facilities 

at 70 percent, with 60 percent or more obtaining their services from primary health care 

units, 25 percent from public hospitals, and roughly 10 percent from private institutions 

(Gubbins and Walque 2012). Health facilities are inequitably distributed between urban 

and rural areas, and since the rural households are more likely to be poor compared to 

their urban counterparts, their access to such facilities is much lower. Gubbins and 

Walque (2012) note that while facility access in the rural areas stands at 66 percent, in 

urban areas, the same is an astounding 92 percent. The quality of service received also 

varies by rural-urban status, with urban households more likely to obtain their services 

from public hospitals, unlike rural households who are largely served by low quality 
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primary health care units; as expected, rural households use free care more than do urban 

households, suggesting residence-based quality difference in health services (Gubbins and 

Walque 2012).  

 
3.1 GoSS health financing  
 

Despite an articulate policy aimed at rebuilding health systems in the country, majority of 

GoSS’ health priorities have not been financially supported; for instance, in 2008, there 

were fewer than 500 professionally trained medical doctors providing health services to 

millions of people, and fewer than 10 public hospitals nation-wide, a sign of limited 

capacity in the sector (MoH 2011). In 2011, only 4 percent of the government’s total 

annual budget was allocated for health, contrary to the Abuja Declaration of 15 percent 

(Brookings 2012; AU 2001; Gubbins and Walque 2012). The 2011 share of health budget 

shrunk by half, compared to 2006 when it was 8 percent (Gubbins and Walque 2012). 

Similarly, Gubbins and Walque find that ‘in 2011, federal transfers to states for salaries 

and operating expenditures comprised 30 percent of the health budget.’ The authors 

equally note that during this period, there were no federal transfers to support capital 

investment in the health sector (Gubbins and Walque 2012).  

Gubbins and Walque (2012) show that in 2009, GoSS national health budget 

averaged USD 190.2 million, representing a per capita allocation of USD 23. They find 

that in addition to public spending, out-of-pocket health spending in the country 

represented 48 percent or USD 172.4 million of the total health spending. Per capita 

monthly out-of-pocket spending equally varied by states, ranging from 8.5 pounds (4.25 
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USD) in Upper Nile to 1 pounds (0.5 USD) in Jonglei (Gubbins and Walque 2012).  A 

NBS 2009 household report indicates that roughly 46 percent of the households spent on 

average USD 24 on health per year. A greater number of urban households (74 percent) 

spent more (USD 60) per year (NBS 2009).  

Donor support was instrumental in helping GoSS meet some of its transitional fiscal 

commitments, especially on basic services. Of the total development assistance funds 

provided through aid between 2006 and 2010, Gubbins and Walque (2012) find that 

‘approximately 20 percent’ went to the health sector. Donor aid funded southern Sudan’s 

health sector in four key ways. These include the Ministry of Health’s public budget, 

GoSS/Multi Donor Trust Fund Umbrella Program, multilateral donors, and bilateral 

donor mechanisms (Rajkotia et al 2007). The pooled funds amounted to USD 150 million 

over a period of 3 years and were managed by the World Bank. The funds were meant 

for capacity building, health system recovery, and service delivery expansion in the region 

(Rajkotia et al 2007). Pooled funds between GoSS and donors meant a per capita health 

spending of USD 23 per capita in 2011, with donor share constituting roughly 60 percent 

of total health financing (Gubbins and Walque 2012).  

Finally, GoSS’ health financial transfers to the ten states have been consistently 

provided on nearly equal basis between 2006 and 2011. For instance, each state received 

1,045,150 pounds toward health provision in 2011.  

 

4 Data materials and empirical strategies  
 
 
4.1 Data materials 
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Responding to our key research questions effectively requires using repeated observations, 

whether longitudinal or repeated cross-sections. We focus on the 10 states of the country 

over the periods for which complete data are available (2006-2010). We take advantage of 

the more recent South Sudanese health data collected at two different time points (2008 

and 2010) to form necessary panels or repeated cross-sections for this analysis. For the 

outcome measure, mortality, the first available and promising dataset is a 10 percent 

nationally representative household sample of a national census conducted in 2008 

(National Bureau of Statistics 2008). Only infant mortality is inferred from the 2008 

dataset because it has complete information on birth and death timings. The micro 

version of the dataset was obtained from the Minnesota Population Center, June 2011 

release. The 2008 dataset contains mortality information, both for infant and children for 

individual women aged 15-49 years. For the 2008 census, children older than a year old 

are excluded due to lack of information on birth and death timings. The data also present 

household information on demographic, socioeconomic, and spatial characteristics, such 

as age, gender, education, occupation, employment, wealth index, residence 

(rural/urban), states and counties.  

The second dataset comes from a 2010 nationally representative household health 

survey (UNICEF and NBS 2010). The 2010 dataset contains similar measures as 2008 

and updates mortality information 2 years after the national census was conducted. This 

dataset documents early age mortality events dating as far back as the 1970s, making it 

fundamentally useful for evaluating the impact of GoSS on health since its establishment 
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in 2005. This dataset contains birth and death timings for both infants and children 

under the age of five.  

The two datasets, provided by the NBS, were collected to primarily assist the 

governments develop policy frameworks for health and economic recovery in the region. 

These two sources are compatible and use similar techniques of data generation and 

provide exact measures for individual households. In both cases, mortality is both directly 

and indirectly measured using current death events and lifetime fertility/death history to 

women aged 15-49. For the 2010 dataset, however, there are equal sample points for 

states; this is not the case for the 2008 data where the representative subsamples vary 

proportionally according to the number of households in each state. However, infant 

mortality in 2008 is measured as death of a child under 12 months old in the year 

preceding the census. In both cases, weights are developed and are applied to correct for 

sampling errors.  

Supplementary data sources include South Sudan’s 2009 baseline household 

survey, also obtained from the NBS. The 2009 study was aimed at evaluating household 

economic conditions in a post-conflict Southern Sudan, and provides poverty and literacy 

measures for this work. Additional data come from Armed Conflict Location and Event 

Data (ACLED). This data information spans 13 years and assists in controlling for the 

long-term repercussions of conflicts on early age mortality.  

Per capita health spending is our predictor variable and is obtained from 

government’s annual budget and expenditure books and measured as state average 

spending per person per year (Ministry of Finance, 2006-2010). Per capita health 
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expenditure, reported in American dollars, is the sum of government health related 

expenditures as a ratio of total population in a particular state at a particular period. 

Private health expenditure is excluded since the analysis concerns assessing government’s 

commitments toward health. The 2006-2010 period represents a window during which 

the distribution of central government’s funds to subnational governments depended on 

factors other than local health or social needs, meeting our main identification strategy 

that suggests existence of exogeneity. Secondly, the 2006-2010 spending data are essential 

for understanding state efforts toward health system recovery during the interim period. 

Lastly, these spending data are the best available for this kind of analysis in the country.  

According to preliminary results derived from a 5-year period, the average annual per 

capita spending varied from a low USD 1.77 in Jonglei state to USD 7.79 in Western 

Bahr el Ghazal state. Of course, these estimates are much lower compared to the World 

Bank’s average national health expenditure, which includes private spending and the 

Ministry of Health’s headquarters expenditures. According to World Bank (2012), South 

Sudan spends more on health than Eritrea (USD13) and Ethiopia (USD15), yet its health 

conditions are comparatively poorer than for the rest of the region. Perhaps differentiated 

investments in other sectors and capacity differences explain this paradox (see Table 3).   

 
4.2 Empirical strategy 
 

Acquired over different time periods, our current cross-sectional data enable us to easily 

perform an empirical, state-level clustered analysis. Table 1 gives a detailed summary of 

our sample characteristics. Our empirical strategy tests using mixed effects regression 
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models our main proposition that early age mortality is partly dependent upon per capita 

public spending on health. This deterministic relationship between mortality and public 

spending is assumed since government’s financial transfers to states in the interim period 

were administered absent of regards to local health conditions. Our second identification 

strategy concerns how mortality responds to public spending according to unique 

conditions of states, giving emphasis to unobserved heterogeneity. This kind of 

heterogeneity is to be expected since different settings are likely to differ on a number of 

scales that are not easily observable, such as politics on development, local revenues, 

nature of disease climate, socio-cultural practices, ethnic composition and power relation, 

administrative capacity, local and international investment conditions, and the presence 

of private or public not-for profit institutions.  

Next, whether the impact of central government’s transfers to states for health 

spending on health outcome varies by urban-rural stratification is explored for the same 

reasons of diversity as with the states. For instance, urban areas are more likely to have 

officials with stronger capacities who exercise more effective decision-making to make the 

best use of federal funds and avoid wastage (Bossert et al 2003; Bossert and Beauvais 

2002). Urban dwellers are also more likely to be politically informed, participate in 

program planning, and exercise oversight over their authorities either through informal 

or formal local systems, e.g., civil society initiatives (Kapiriri et al 2003).     

The effectiveness of public spending on health outcomes may equally be related to 

arrays of other factors, including demographic and socioeconomic conditions of 

individual households or communities, health infrastructure such as antenatal care 
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system, maternal health services, access to economic opportunities (poverty), and 

educational attainment or literacy. Lingering effects of a civil war, and distance to Sudan 

as a proxy for spillover mortality due to migration, are also considered. Overall, our 

analytical procedure accounts for these lurking conditions to obtain causally plausible 

estimates.  

Thus, we test the following key hypotheses: 

Hypothesis I. How did per capita public spending influence health outcome in the 

interim period in South Sudan? The country’s transition from armed conflict in 2005 was 

met with local and international efforts toward public service recovery, with policies 

primarily aimed at overhauling the economic systems of the Sudan’s then region through 

direct, unconditional funding from the central government to subnational governments or 

states (see Fig. 1). These public endowments are expected to have improved health 

outcomes in the country since available evidence shows that reasonable investment in 

basic services leads to favorable social outcomes (Pritchett and Filmer 1999; World Bank 

2013; Gupta et al 2002).  

Hypothesis II. Does per capita public spending’s influence on health outcome vary 

by state? The effectiveness of public spending on health outcome in South Sudan is likely 

to vary with recipient conditions, making the impact non-universal or uniform across 

states. That is, states are not homogenous, and this dictates their approach or ability to 

utilizing federal transfers for effective results on health. The interaction between 

unobservable state attributes and spending may play a significant role in early age 

mortality outcome. For instance, states with relatively stronger administrative capacity, 
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accountability, and higher local revenues—factors we do not directly observe in this study 

but treat as random effects—are more likely to enable an effective deployment of central 

government’s transfers on health. In addition, the local revenue is particularly important 

for oil producing states that are entitled to 2 percent or more of total oil income generated 

in their communities. This local revenue is critical because it could be used to sustain 

other development priorities while the federal transfers get directed toward health 

improvement endeavors as originally earmarked and vice versa. 

Hypothesis III. Is there a rural-urban difference in the effectiveness of public 

spending on health outcome? Because urban centers tend to have stronger capacities, are 

politically more engaged, and are likely to be informed of newly available services, public 

spending has a better chance of being effective there. Conversely, rural health finances 

are susceptible to elite capture due to low administrative and citizenry capacity, often 

making them less effective.     

  Overall, our analytic strategy follows a micro-econometric procedure often used 

for analyzing policy programs (Deaton 1997; Woolridge and Imbens 2009). We start by 

specifying mortality as a function of unconditionally distributed per capita health-related 

expenditure or spending in South Sudan. The empirical strategy considers spatial 

heterogeneity in the effectiveness of public spending on health care services. Per capita 

public spending is the same as government spending unless noted otherwise. Public 

spending includes 30 percent share of aid distributed as part of the central government’s 

budget between 2006 and 2010. The model assumes that under fitting health system 

decentralization designs, per capita public spending leads to better health outcomes in 
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post-conflict settings. Holding everything else constant, meaningful investments under 

decentralized structures often create opportunities for improved health conditions via 

increased access to essential services and self-governance. This adequately resonates with 

South Sudan’s situation where most primary health care and emergency services are 

administered by local municipalities and are free, especially in the rural areas (MoH 

2007).  

 

4.3 Empirical models  
 

The study empirically examines the relationship between mortality and per capita 

spending from repeated cross-sectional data perspective. Given that our data are 

clustered within states, we test all our hypotheses using mixed-effects logistic regression 

procedure, which jointly estimates fixed effects and random effects for a population. The 

procedure’s primary utility lies in its ability to treat unobserved heterogeneity as random 

effects that are constituted in an intra-cluster correlation, while holding observed factors 

as fixed. Random effects represent missing random variables, with variance component 

estimated to measure their influence on a response variable. Furthermore, worrying 

about intra-cluster correlation in clustered data is fundamentally important because it 

ensures the model is correctly specified, and is premised upon the assumption that 

observations sharing a group are correlated due to commonly shared cluster-level 

unobserved heterogeneity, random or otherwise.  

  To test the hypothesis that early age mortality, ceteris paribus, depends on cluster-

level per capita spending using this modeling perspective, we start out by specifying a 
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two-level nested, nonlinear econometrics model, with k clusters (states) as independent 

and conditional on a state-level set of random effects, ak.  

logit(Mik ) = (Xik + Sk )β + (Tk )ϖ + (Rik )ak +uik     [1] 

where k=1.,….,10 states, with each k state containing i=1.,….,nk children. Level one of 

the model contains children and level two states. Our response variable, Mik, is measured 

as death to child i under the age of five years in state k and is coded 1 if death or 0 

otherwise. Mik represents both infant and under-five mortality. Since this is a mixed-

effects model combining both fixed effects and random effects estimates, Xik represents a 

set of fixed effects covariates while Rik represents a set of random effects covariates whose 

actual effects (ak) are not directly estimable. By convention, the Rik are random variables 

whose mean effects are randomly normally distributed, thus Rik essentially equates to Xik. 

The program variable, per capita spending on health, is represented by Tj. Sk represents a 

set of cluster or state level covariates, ß and ϖ represent partial coefficients to be 

estimated, and uik is a model random noise associated with child i in state k, which is, by 

convention, uncorrelated with ak.  

Likewise, in each state, children are distributed across urban and rural 

communities, introducing an additional level of unobserved heterogeneity. We extend 

Model 1 above to control for this additional unobserved heterogeneity, and estimate 

separate random effects for individual urban and rural dwellers in each state.  

 

logit(Mik ) = (urbanik )δ + (Xik + Sk )β + (Tk )ϖ + (Rik )ak +uik  [2] 

where  
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 uik =ν k (urbanik )+εik         [3], 

vk is random noise associated with residence status in a particular state, and everything 

else is the same as before, except introducing a residence indicator, urban, coded as 1 for 

those residing in the urban areas and 0 for rural residents. This is an improvement to the 

overall model because, like in the case of states, this extension allows for the random 

effects to be correlated with child’s residence. Moreover, this extension lends the benefit 

of directly contrasting estimates between children residing in urban and those in rural 

communities.  

Lastly, residential differences in the effectiveness of state-level per capita health 

spending on mortality are assessed.  This model is specified so that, all things being equal, 

mortality is a function of per capita spending given that a child either lived in urban or 

rural area. This calls for separate models, each for a residential group. This allows for 

direct comparisons in the influence of spending on health between two residential areas. 

Urban is residence variable, coded 1 for urban residents 0 otherwise.   

 

logit(Mik ) = (Xik + Sk )β + (Tk )ϖ + (Tk *urban)ρ + (Rik )ak +uik   [4], 

where everything else remains the same as before, except the inclusion of spending-

residence interaction effect (Tk *urban) .  

  In addition, a linear probability model (LPM) is estimated (Model 5). This allows 

us to maximize the relationship between health and spending by minimizing 

measurement noise, an essential element our multi-level mixed-effects model commonly 

lacks.  
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P(Mik =1| E) = (Xik + Sk )β + (Tk )ϖ + (Tk *urban)ρ + (Rik )ak +uik    [5], 

where P represents probability, and E represents the explanatory variables presented on 

the right side. Other terms remains as before.  

The linear probability procedure estimates change in the probability of dying as a 

linear function of explanatory variables (E), while minimizing the residuals using the 

ordinary least square (OLS) procedure. To account for time-invariant and time varying 

omitted variables as we did in Models 1 through 4, we use the OLS strategy to estimate 

both the fixed-effects and random-effects estimates (see Table 5B in the appendix). We 

also evaluate how the two linear probability models compare using the Hausman test. 

The Hausman test hypothesizes that, under fitting circumstances, the efficient random-

effects estimates are the same as the consistent fixed-effects estimates.  

There are fundamental practical and research lessons to draw from this study. 

Chiefly, that public spending is effective on health implies good governance—that health 

system decentralization is working in South Sudan—a sign that the government is 

responsive to the governed, and effectively performing its functions of service provision. 

In addition, improved health outcomes conditioned on state development efforts signify 

successful system recovery after a period of fragility. Conversely, poor health outcomes in 

response to public spending would mean the state is unresponsive and ineffective, a result 

that challenges its credibility and legitimacy.  If public spending increases mortality, then 

it would mean that it is crowding out aid and humanitarian efforts while being poorly 

utilized to meet health needs. If, however, public spending does indeed influence health 

but instead operates via local channels, then subjecting federal transfers distribution to 
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such factors might be a necessary policy instrument; it also implies investing in programs 

that lead to positive results in local dictating factors. For instance, concerns over lack of 

local capacity should encourage the government to invest in suitable training programs at 

the local levels. In 2011, for example, there were only 248 doctors in the entire country 

(MoH 2011). Similarly, if the local revenue does indeed free up some federal funds for 

other significant projects, it would then be appropriate to strengthen local capacities in 

local revenue generation as a necessary policy strategy. Issues related to accountability 

can be dealt with through robust behavioral altering mechanisms, such as administrative 

policing and appropriation of incentives for effective performance. Lastly, our empirical 

strategy provides a worthy educational exercise for testing exogeneity assumption without 

using indirect procedures often applied in this kind of research.     

 
4.4 Confounders/covariates   

 
The causal relationship between early age mortality and per capita public spending can 

be confounded by a number of important factors. Health, economic, and conflict 

intensity confounders are primarily considered. In health, primacy is placed upon access 

to immunization, contraceptive, antenatal care provision, and maternal health. 

Immunization or vaccination is measured as percentage of children aged 12-23 months 

who received the recommended vaccinations; contraceptive as a proportion of women 

having access to family planning; antenatal care is the percentage of women age 15-49 

years who had a live birth during the two years preceding the survey and who received 

intermittent preventive treatment (IPT) for malaria during pregnancy at any antenatal 

care visit; and maternal health is maternal mortality measured as the ratio of women who 
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have died due to pregnancy related causes to the number of births at a particular period. 

These factors relate to both mortality and health investments in an important way. For 

instance, maternal mortality is correlated with both early age mortality and per capita 

health spending because investment in maternal health often leads to favorable child 

health outcomes. Many of the health measures are, nevertheless, excluded from the 

estimation due to multi-collinearity problems.    

The second set of confounders constitutes the social development variables, namely 

access to quality water, measured as a number of boreholes constructed in the state; 

poverty; and availability of a toilet for the household. While investment in health has 

direct consequences for mortality, it is also likely to improve other social conditions, such 

as access to quality drinking water, increased knowledge about prevailing health 

problems, increased access to health facilities, improved availability of affordable health 

supplies, and access to employment.  

The last set of confounders or covariates are intensity of political conflict and state 

distance to neighboring Sudan. Because South Sudan went through war for over 20 

years, this has long-term residual effects for health in the country. Like all other controls, 

controlling for this variable avoids related spuriousness and leads to a better estimation. 

Additional data information is drawn from Armed Conflict Location and Event Data 

(ACLED), with 1,354 conflict events in the entire country between 1997 and 2013. Due 

to the scope of this analysis, conflict events from 2011 to 2013 periods are excluded. A 

distance variable was constructed from Google maps and captures spillover early age 

mortality from the Sudan attributable to migration.  
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4.5 Robustness checks 

 
To establish a sense of true independence between per capita spending and health needs, 

particularly mortality, the robustness of our estimated empirical relationship is assessed. 

Suspecting an indirect relationship between spending and mortality we also test whether 

per capita spending relates to other important health measures. The tests are performed 

using baseline information only, both for mortality and spending.  

Testing against the null hypothesis that there is no significant relationship between 

the two phenomena suggests that per capita spending and mortality are weakly linked (see 

Table 4). For both infant and under-five mortality, we obtain correlation coefficients 

below 30 (9 for both infant and under-five, respectively) percent. In each case, we find no 

statistical significance at a 95 percent confidence level. Thus, there is compelling reason 

to suggest that distribution of per capita spending in South Sudan does not depend on 

health conditions, especially early age mortality. This is imperative for our empirical 

strategy that assumes independence between spending and health outcomes.    

A similar pattern is found with respect to other health indicators, such as 

contraceptive prevalence, childhood vaccination level, and antenatal care service, except 

in the case of maternal mortality (results not reported in a table). Per capita spending is 

moderately and negatively (-0.01) related to the level of childhood vaccination, suggesting 

that a state with more children covered in 2006 received a relatively lower level of 

funding that year. This makes sense in the context of South Sudan, a state fraught with 

competing social development priorities and whose health policy rests primarily on 

equity. Additionally, there is a moderate, negative relationship (-0.156) between per 
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capita spending and antenatal care provision, suggesting that advantage in antenatal care 

service lowered federal state financial transfers toward health. There is also a very weak 

link (-0.003) between per capita spending and contraceptive prevalence, implying exactly 

a similar pattern found with respect to vaccination and antenatal care. The relationship 

between per capita spending and maternal mortality rate (estimated at 37.4 percent), 

however, appears moderate, positive, and statistically significant at a 95 percent 

confidence level. A possible explanation with respect to spending-maternal mortality 

relationship is that after the release of the study in 2006, which indicated South Sudan’s 

maternal mortality ratio (MMR) being one of the highest in the world, there was intense 

pressure, both locally and internationally, to invest in maternal health. The government’s 

response, we suspect, could have been that any health spending that year was earmarked 

mostly on the basis of this health measure. This revelation does not necessarily raise an 

alarm for our estimation since maternal mortality is treated as a covariate. That maternal 

mortality is significantly linked to both per capita spending and early age mortality makes 

it an essentially significant confounder candidate for the analysis. However, in all other 

cases, there is no evidence to suggest that a true relationship between spending and other 

health measures does indeed exist. Like in the case of early age mortality, per capita 

spending also seems to be independent of the rest of our key health measures.  

 
5 Results 
 
5.1 Descriptive statistics  
 
This analysis combines the 2008 national census and the 2010 household survey state-

based clustered sample of 27,354 children under the age of five years to estimate child 
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mortality between 2006 and 2010. The subsamples range from 2,166 (7.92 percent) in 

Western Equatoria state to 3,511 (12.84 percent) in Warrap state. The sample is further 

stratified according to residence, with a vast majority (73.64 percent) of the children 

residing in the rural areas. Although the survey methodology used households as main 

sample points, this empirical assessment is conducted at child level while nested in ten 

states, with spatial stratification extensions (see Table 1 for details).   

5.2 Health spending 

 
The Government of South Sudan, with fiscal support from aid institutions, earmarks 

health budgets for salaries, capital, and operating costs. Current health expenditures do 

not include the nation’s ministry of health’s spending. On average, South Sudan spent 

US$3.19 (0.41-17.05) per person on health between 2006 and 2010. The per capita 

transfer at the national level varied annually between a low $0.78 in 2008 to a relatively 

high $7.97 in 2006. Although the national government’s average transfers to states differ 

modestly across states, the study finds that there have been significant per capita spending 

variations due to differences in population sizes, which do not bear on allocating state 

health funding. For instance, Western Bahr el Ghazal state whose population size is much 

lower than the rest of the states, averaged $7.79 per person over 5 years, while Jonglei, 

the most populous state of all, averaged $1.77 per person during the same period. There 

are within-state differences in per capita spending. More specifically, Upper Nile state 

spent $0.57 per person in 2008, down from $5.47 in 2006. By far, Western Bahr el 

Ghazal state spent more ($17.05) on health than did any other state in 2006. In the 2006 

fiscal year, there seems to have been a relatively higher health spending compared to the 
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periods that followed. In particular, in 2008, this is more apparent as the national 

government distributed health related funding for salaries only (see Table 2).  

 

5.3 Mortality  

There are two empirical mortality models considered in this analysis, both focusing on 

children below the age of five years. The first model concerns infant mortality and the 

second concerns under-five mortality, with the latter combining deaths for both children 

younger than a year (infant) and children older but younger than five (under-five) years 

old. For simplicity purposes, mortality descriptive results are reported as averages just for 

children under-five. These estimates are further differentiated according to state, 

residence, and period.  

Thus, average mortality for under-five in South Sudan over the 5-year period is 

estimated at 10.3 percent for the entire sample. This translates to 15.40 percent in 

Central Equatoria state, the highest in the country, to the lowest 6.10 percent in Lakes 

state. Average under-five mortality is slightly lower for rural children, estimated at 10.68 

percent and contrasted with 10.78 percent among urban counterparts. A student’s t-test 

indicates a true difference in early age mortality on the basis of residence. Over the years, 

under-five mortality has significantly vacillated. Our estimation shows that the mortality 

pattern has been rising from 4.2 percent in 2005 to 8.90 percent in 2006, increasing to 

11.60 percent again in 2007. In 2008, mortality declined to 6.30 percent rose again to a 

high 21.10 percent in 2010. Within-state cross-sectional differences are striking and in 

Upper Nile, for example, mortality substantially varied between 3 percent in 2008 and 

41.6 percent in 2010. Whereas some states had worse mortality years than others. For 
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example, close to 55 percent of children in Central Equatoria died in 2010. This estimate 

is comparable to Lakes state’s highest mortality of 9.4 percent reported in 2007 (see Table 

3).    

Descriptively, state level survival conditions do not appear to correspond 

positively to increases in per capita health spending. Quite the opposite, Western Bahr el 

Ghazal state, which reported the highest per capita spending ($7.80) during the period, 

also had the highest under-five mortality (0.14) of all the ten states during this period. 

Jonglei state, which spent $1.77 on average, reported roughly 11 (.108) percent in under-

five mortality (see Tables 2 & 3).    

5.4 Regression results 

This study uses various statistical models to measure the responsiveness of early age 

mortality to per capita spending, ceteris paribus. The findings are robust to numerous, 

appropriate model specifications, including unique clusters. Prior to conducting 

regression analyses, we evaluate the prevalence of state-level random heterogeneity using 

Bartlett’s test for equal variances for both infant and under-five mortality. Next, we 

undertake a two-sample test of equal variances in mortality using residence stratification 

(urban vs. rural). In both cases, the findings are statistically significant in support of 

prevailing unobserved heterogeneity across spaces, warranting an identification strategy 

that incorporates both state and residence-level random effects. The models use a 

subsample of 25,899 children under the age of five, detailed results provided in the 

appendix section (appendix B; Table 5).  

There are two parts to our empirical results. The empirical results from the OLS 

are not reported in the text, simply because they are consistent with those derived using 
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the mixed effects procedure. More specifically, like under the mixed-effects procedure, 

there is no proven effect of per capita spending on health when the OLS procedure is 

used. Yet, the mixed-effects model is better suited for the kinds of data we are using, and 

measures intra-cluster relationships in a hierarchical way. However, to provide alternative 

estimates to those we have chosen, the OLS fixed-effects estimates are retained in the 

appendix (Table 5). The fixed-effects estimates are preferred over random-effects 

estimates because, according to the Hausman tests, we reject the null hypothesis that 

estimates from the two models are the same. The tests suggest that the fixed-effects 

estimates are superior to the random-effects estimates.  

Model 1 (Table 5) evaluates how infant mortality responds to per capita spending, 

controlling for relevant factors, including state and residence levels random effects. The 

effect of spending on infant mortality is positive but statistically insignificant at different 

conventional levels. However, living in an urban setting, maternal education, and conflict 

significantly influence infant mortality. While being an urban infant seems to reduce 

mortality by over 60 percent, the interaction between residence and spending indicates 

that urban infants are actually 2.70 times more likely to die than do rural infants. An 

infant of a mother educated to secondary or higher level is 2.60 times more likely to die 

than an infant from a mother with primary or less education. Conflict increases infant 

mortality by just a little over 2 percent.  

Model 2 (Table 5) tests the relationship between under-five mortality and per 

capita spending. We find statistically insignificant link between the two phenomena. The 

effects of the rest of the variables still hold as with infant mortality.  
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6 Discussion  

 

When the markets become inadequate to meet the healthcare needs of a population, 

governments often intervene, distributing necessary services for free, or at a marginal cost 

to individual users (Dupas 2011). Government’s investments in social objectives—which 

demonstrate social contract commitments between individual citizens and their 

authorities—signal aspects of good governance. The healthcare systems have been built 

to reflect this people-government’s relation and to respond to the market failures in an 

army of countries, particularly in the developing world. However, whether the desired 

results of these social endowments are often achieved has spurred both policy and 

academic debates over the years (Bossert & Mitchell 2011; Bossert & Beauvais 2002; 

Bossert et al. 2003). Evidence, to this effect, suggests that publicly supported health 

systems, especially under decentralization design, deliver desired outcomes when certain 

governance conditions are satisfied and vice versa. For example, in Rwanda, China, and 

Ethiopia, health investments have led to success stories, while they have failed in the 

Philippines and the Sudan (World Bank 2013; Basinga et al 2011; Sahn et al 2003; 

Gertler and Vermersch 2013; EDHS 2005 & 2011; Uchimura & Jutting 2009; Azfar & 

Gurgur 2007).   

This analysis further improves our understanding on the effectiveness of similar 

health investments in a new context, South Sudan, a country that recently emerged out of 

over 20-year war and which has attracted a great deal of international reconstruction 

financing for nearly a decade. Part of this reconstruction investment has focused on 
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health systems reforms as peace dividend toward restoring and promoting good health 

(Kruk et al 2010). The Government of South Sudan and its aid counterparts have since 

2006 spent millions of dollars toward reconstruction and reforms efforts. Establishing 

specific returns to these social investments is not only crucial; it is also critical for policy 

improvements in a country that is incredibly wanting in development. By measuring how 

child health responds to these health investments in South Sudan, the study makes two 

additional important contributions to the existing knowledge. First, the sort of 

identification strategy it advances—empirically setting up a deterministic relationship 

between health and spending—seldom prevails in the current literature. Furthermore, 

accounting for different sources of heterogeneity using mixed effects random intercepts 

models improves our understanding of how groups of people under various conditions 

respond to social programs’ incentives, which prior studies parsimoniously considered. 

Lastly, the analysis proves that health investments in poorly governed settings are often 

ineffective. This further implies paying attention to how the humanitarian initiatives 

should be positioned to support development after the cessation of hostilities is achieved 

and the warring parties have formed the new government. Hence, when governments 

lack the necessary capacity to judiciously devise policies and effectively meet political and 

social expectations of a population, budgeted resources toward social development are 

likely to be squandered through mismanagement, whereas an end to violence seems to 

crowd out or reduce other social protection programs such as internationally backed 

humanitarian assistance.  
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The 2 empirical models estimated all demonstrate that the health investments are 

not meeting their targets in South Sudan. Principally, this implies failure of the 

decentralized health system in the country. There are a number of possible explanations 

that may be thought of as contributing to this system failure. First, the World Bank’s 2011 

study in the Sudan found that the responsiveness of subnational governments to local 

demands is dictated by their ability to mobilize resources locally, uninterrupted flows of 

funds from the national government, use of strategic fiscal and administrative policies that 

guard against corruption, and the ability by the local authority to intelligently prioritize 

social services investments. There are funding limitations in South Sudan and almost all 

of the ten states of the country are financially not self-sufficient and depend largely for 

investments in their social programs on the national government’s modest transfers, 

raising little of their own revenues that could be used to support local social development 

goals. This limits the state’s fiscal capacity to meet as many social programs’ obligations as 

needed in the communities. In 2008, for instance, the national government allocated state 

transfers for salaries only, rendering capital and operations commitments foregone that 

year (GoSS Ministry of Finance 2008).  

Part of this story could also be explained by rampant mismanagement of funds 

and corruption in South Sudan. In 2014, the country scored a low 171 position out of 

175 countries on Transparency International’s public perceptions corruption index. 

Meanwhile, according to the 2007 corruption perception study by Southern Sudan 

Anticorruption Commission (SSAC), 89 percent of the respondents thought corruption 

was a major concern affecting the region’s economic performance. The SSAC then 
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conducted a follow up study in 2010 and found well over 90 percent of the respondents 

expressing concern of increasing corruption related activities in the region. This 

administrative assessment attributed such high prevalence of corruption in the region to 

inadequate managerial skills of the authorities and the system’s lack of procedural codes 

(institutional weakness) for managing communal revenues. Corruption, which many 

believe to have thwarted progress in social services sector and beyond as the two studies 

have shown, is high in South Sudan partly due to the kleptocracy culture of the ruling 

elite (De Waal 2014).  

Furthermore, human capital conditions could substantially affect health systems 

performance via several channels. A qualified health workforce, for example, plays an 

important role in healthcare service delivery. Achiek and Lado (2010) estimated South 

Sudan’s number of minimally trained doctors to be roughly 500, many of whom lack 

postgraduate medical training and are more drawn to NGO or private employment 

opportunities. According to these authors, South Sudan does not meet WHO’s minimum 

standard of 20 doctors per a population of 100,000 people. A subsequent health facility 

mapping study by the Ministry of Health reveals a total of 248 qualified doctors serving 

the entire population, with 39 percent of these concentrated in the nation’s capital of Juba 

(GoSS 2011). These findings partly reflect how South Sudan’s prevailing health system 

insufficiently boosts human capital through the current health-spending model. Taken 

from these administrative assessments, lack of attractive incentives in publicly funded 

health system seems to crowd out qualified physicians to other sectors, leaving a vast 

majority of the population who depend for their health needs on public services to fend 
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for themselves. Essentially, a joint negative effect between corruption and insufficient 

human capital inputs presumably undermined the efficacy of state transfers on 

subsequent health outcomes in South Sudan between 2006 and 2010.  

Other safeguards, such as donor aid and humanitarian funding were 

reprogrammed towards transitional state-building and development priorities, 

consequently diminishing efforts toward emergency humanitarian services. One such 

international aid program that failed to deliver desirable results in post-conflict Southern 

Sudan is the Multi-Donor Trust Fund (MDTF-SS) (OECD 2012). At a cost of US$718 

million and inaugurated in 2005, this aid program brought a host of international 

organizations together with the South Sudanese government to address key development 

problems such as reconstruction, recovery, capacity building, poverty, and governance 

(World Bank 2013). Despite focusing on these development issues, the fund was 

ineffective due to misaligned priorities, duplicated efforts, and the sluggishness of 

disbursements (OECD 2012). Meanwhile, humanitarian aid, which is often earmarked 

for social services and social protection, dwindled (GoSS 2011). Consequently, an 

increase in state-building efforts and subsequent reductions in emergency humanitarian 

aid to support transitional development seem to have displaced social protection 

instruments often made available during conflicts. In the end, both statebuilding and 

humanitarian protection in South Sudan were botched, with inadequate transformations 

toward basic social outcomes as the current analysis demonstrates. Moreover, how 

statebuilding effort displaces humanitarian protection programs when peace is achieved is 

illustrated by variations in the staffing of the Doctors Without Borders (Medecins Sans 
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Frontieres—MSF) in South Sudan. A look at 4 years of MSF’s staffing reveals doubled 

humanitarian efforts in response to violence. For instance, the agency’s number of staff 

went from 1,872 in 2011 when there was relative peace to 3,650 in 2014 after the current 

civil war struck in 2013 (MSF 2014). As well, there has been a decline in social protection 

programs as the 2005 CPA matured. Notably, the Ministry of Water and Irrigation 

(2011) recorded drastic declines in the average number of boreholes constructed over the 

years, from 48 in 2005 to 3 in 2010, reflecting declines in humanitarian efforts. From this 

perspective, the interaction among peace, aid, and state capacity becomes an important 

predictor of child health outcomes. Thus, irrespective of health investments by the 

government, dormant health outcomes can still be expected due to existing institutional 

weaknesses. In addition, this is also because international aid agencies have delivered 

insufficient statebuilding and social protection programs, inducing a double burden of 

fragility on the population.  

There are important policy lessons to learn from this analysis. The first is a 

confirmation that decentralization in transitional states only produces positive health 

results when certain governance conditions are met, i.e., local capacity to generate 

revenues, safeguards against corruption, and intelligent policy choices. Local capacity 

relates to the strengths of the fiscal administration and human capital at subnational 

levels. A 2009 study in China, for example, confirms that declining infant mortality rates 

were associated with more fiscally decentralized Chinese provinces, especially when the 

provinces satisfied necessary conditions of good governance (Uchimura & Jutting 2009). 

One such condition the authors cite as being significant contributor towards improved 
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health is the robustness of the local fiscal capacity, which dictates the efficacy of public 

spending and subsequent delivery of public goods. Likewise, Rajkumar & Awaroop (2007) 

further note that the ‘quality of governance’ accounts for ‘differences in the efficacy of 

public spending.’ In essence, health spending promotes child health in societies that are 

better governed (Lewis 2006; Filmer et al 2000). 

Conversely, ineffective returns to health investments are associated with weak 

governance and the state’s inability to make an effective use of foreign aid and adopt 

appropriate policy choices (OECD 2012). A state with these features is not only 

ineffective in improving health, but also crowds out other essential programs such as 

emergency social protection endowments. Furthermore, weak governance subsidizes 

corruption, which undesirably affects health services as prevails in the Philippines where it 

decreases immunizations, retards interest in public services, undermines child vaccination 

efforts, and prolongs time spent seeking health services (Azfar & Gurgur 2007).  

In these kinds of transition situations, a number of policy thoughts surface. 

Chiefly, reprogramming development aid and aligning it with specific needs of post-

conflict settings might be a sensible area to start. Often, donor assistance is fragmented, 

duplicated, misplaced, less contextualized, insufficient, and largely follows reporting 

procedures or obligations of donor states (OECD 2012). As well, institutional building 

under a grand scheme of democratic reforms gets over-emphasized and investments in 

service delivery are often ignored. This results in international aid being wasted in many 

contexts, with poor social returns as the South Sudan’s MDTF project exemplifies. 

Cessation in violence alone should not be used to crowd out humanitarian efforts unless 
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the state demonstrates proven abilities to speedily graduate from fragility. When aid is 

insufficient or inappropriately applied and local development efforts are thwarted by lack 

of good governance and corruption, poverty gets exacerbated (Azfar & Gurgur 2007).  

Sustained and appropriately coordinated humanitarian and development aid 

could go a long way in realizing basic social developments in transitional states. As well, 

phasing out these programs according to periodically assessed activities could help create 

governance infrastructure and institutional capacity required for stabilizing a newly 

emerging state. This assistance must aim at achieving desirable social results, including 

improved health, over specified durations. Because poverty breeds instability and vice 

versa, statebuilding and the enormous task of satisfying the social responsibilities of a 

population, call for an integrated, paradigmatic policy strategy. Post-conflict development 

assistance must focus on measurable and contextually defined objectives, especially as 

they concern recovery, reconstruction and capacity building efforts. Capacitating post-

conflict state institutions, therefore, should be anchored on their subsequent ability to 

apply newly acquired skills and tools to immediate policy demands of the state. For 

example, international donor support to a health ministry needs to hinge on flexible, yet 

quantifiable and timed priorities, i.e., sets of achievable expectations such as the number 

of trained nurses/doctors, health facilities constructed and fully operational, and other 

targeted plans over specified periods.  

Strict accountability measures are required if positive returns to health 

investments in fragile states are to be harvested. Clear reporting guidelines and objectively 

defined project appraisals, along with policies that subordinate low-capacity subnational 
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institutions to reputable donor partners, could minimize wastage in central government’s 

financial transfers. While countries seek to graduate from fragility, decentralization in 

social service sectors during the early phases of transition should be limited to 

identification of local priorities, shared project implementation and accountability, and 

the monitoring of ongoing projects. This policy design prepares the local systems to 

gradually attain the human and institutional capital that is essential for achieving total 

independence. These institutional arrangements, which often span decades to acquire 

stamina, have resulted in unprecedented levels of success in Rwanda and Ethiopia as 

argued elsewhere in this volume.  

Future research can benefit from exploring the ways in which state transfers are 

spent. This assesses subnational governments’ administrative capacity and policy choices 

that may dictate the efficacy of health spending at the local levels. State and even county 

level quality data would be needed to map specific health expenditure distributions.  

Another layer of inquiry that would be beneficial to future analytical endeavors, in the 

extent data are available, is to assess specific changes in humanitarian aid as issues of 

governance take a center stage in post-conflict development programming. How much 

humanitarian effort does cessation in hostilities (signing of peace) crowd out over time? 

This is an important question that deserves future inquiry. Lastly, panel data that span 

more than 5 years are required to establish a more salient causal relationship between 

child health and per capita public spending.  
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Appendices 
 

A. Descriptive statistics 
 

Table 1. Sample characteristics, 2006-2010 
 Variable Mean S.D. N 

 
Child level variables 

  Infant mortality 0.09 0.29 27,354 
U5M mortality 0.10 0.30 27,354 
Proportion of women literate 0.25 0.66 26,544 
Proportion of urban households 0.26 0.44 27,354 
Proportion of households with safe drinking 
water 0.08 0.28 26,714 
Proportion of households with a toilet 0.25 1.66 26,429 

    State level variables 
  Maternal mortality ratio (MMR) 2,054.548 190.556 2,741 

Proportion of women using contraceptives 0.37 1.28 27,354 
Proportion of vaccinated children 2.09 6.57 27,354 
Proportion of women with antenatal care 5.39 14.05 27,354 
Yearly violent conflict incidents 5.14 7.79 27,354 
Distance from Sudan (KMs) 1039.60 429.51 27,354 
Population size 918,727.1 356,994 2,741 
Per capita spending (US$) 3.19 2.44 27,354 
Sources: 2008 Census, 2006 and 2010 household health surveys, Google maps, and 
ACLED.  
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Table 2: Average per capita spending by state, 2006-2010 
(US Dollars) 

  
  

Year 
State All  2006 2007 2008 2009 2010 
Upper Nile 2.26 5.47 2.22 0.57 3.02 2.13 
Jonglei 1.77 3.95 1.61 0.41 1.78 1.52 
Unity 3.64 8.59 3.47 0.94 3.60 3.26 
Warrap 2.59 6.16 2.56 0.57 2.37 2.20 
Northern B 3.61 8.33 3.49 0.77 2.84 3.04 
Western B 7.79 17.05 6.99 1.66 6.19 6.29 
Lakes 3.38 8.42 3.47 0.79 3.44 3.05 
Western E 3.68 8.62 3.50 0.89 5.74 3.33 
Central E 2.05 4.44 1.79 0.50 2.75 1.83 
Eastern E 2.51 5.56 2.24 0.61 3.09 2.25 
Source: Ministry of Finance; estimates by author.  
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Table 3. Under-five mortality by state and residence, 2006-2010 
State Mean S.D. N 
Nation 0.10 0.30  27,354  

Urban 0.09 0.29  7,095  
Rural  0.11 0.31  20,259  

Upper Nile 0.09 0.29  3,161  
Urban 0.08 0.28  1,074  
Rural  0.10 0.30  2,087  

Jonglei 0.11 0.31  2,638  
Urban 0.10 0.30  529  
Rural  0.11 0.31  2,109  

Unity 0.11 0.31  2,321  
Urban 0.07 0.25  425  
Rural  0.12 0.32  1,896  

Warrap 0.08 0.28  3,511  
Urban 0.19 0.39  445  
Rural  0.07 0.26  3,066  

Northern B 0.09 0.29  2,562  
Urban 0.08 0.28  476  
Rural  0.10 0.30  2,086  

Western B 0.14 0.35  2,215  
Urban 0.13 0.34  599  
Rural  0.14 0.35  1,616  

Lakes 0.11 0.31  3,076  
Urban 0.06 0.24  809  
Rural  0.13 0.33  2,267  

Western E 0.10 0.31  2,166  
Urban 0.11 0.31  838  
Rural  0.10 0.30  1,328  

Central E 0.11 0.31  2,992  
Urban 0.06 0.24  1,384  
Rural  0.15 0.36  1,608  

Eastern E 0.09 0.29  2,712  
Urban 0.09 0.29  516  
Rural  0.09 0.28  2,196  

Source: 2008 Census and 2010 household health survey; estimates by author.  
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Table 4: Correlations between health needs and per capita spending  

  

 

Per capita 
spending 

Infant 
mortality  U5M MMR Contraceptive Population Water 

Per capita 
spending 1.0000 

      Infant 
mortality 0.0908 1.0000 

     U5M 0.0941 0.9900* 1.0000 
    MMR 0.4572 0.6965 0.6788 1.0000 

   
Contraceptive -0.0796 0.0725 0.0710 

-
0.1357 1.0000 

  
Population -0.4375* -0.2359 

-
0.1883 

-
0.5528 0.0705 1.0000 

 
Water -0.0159 -0.0650 

-
0.0712 0.3160 -0.6621 -0.0751 1.0000 

Notes: * indicates significance at 95 percent confidence level; per capita spending is in USD; U5M is under-
five mortality; MMR is maternal mortality ratio; contraceptive is the proportion of women with 
contraception access; population is population size; and water is the proportion of population with safe 
drinking water; estimates are at state level.  
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B. Regression models  
 
Table 5A. Infant and under-five mortality multi-level mixed effects models, 2006-2010  

 
Model 

Variable Infant U5M 
Logged per capita spending 1.311 

(0.400) 
1.240 
(0.373) 

Per capita spending lag 0.956 
(0.045) 

0.955 
(0.044) 

Urban (urban=1) 0.396*** 
(0.099) 

0.411*** 
(0.102) 

Urban * per capita spending 2.690*** 
(0.255) 

2.629*** 
(0.249) 

Education (secondary+=1) 2.590*** 
(0.224) 

2.592*** 
(0.223) 

Conflict 1.024*** 
(0.004) 

1.024*** 
(0.004) 

Toilet (access=1) 0.976 
(0.044) 

0.980 
(0.045) 

Logged distance to Sudan 2.784 
(2.613) 

2.690 
(2.413) 

Logged number of boreholes 0.968 
(0.021) 

0.960* 
(0.021) 

Population density 1.083*** 
(0.017) 

1.078*** 
(0.170) 

Distance * conflict in Sudan 1.000*** 
(1.19e) 

1.000*** 
(1.18e) 

Year (ref=2006)   
2007 0.986 

(0.222) 
0.942 
(0.210) 

2008 1.969 
(1.031) 

1.779 
(0.926) 

2009 1.131 
(0.283) 

1.046 
(0.260) 

2010 0.310*** 
(0.092) 

0.280*** 
(0.082) 

N 25,555 25,906 
Notes: (*=0.90), (**=0.95), and (***=0.99); in the parentheses are the standard errors; N 
is the number of observations; U5M is under-five mortality.  
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Table 5B. Infant and under-five mortality linear probability fixed-effects models, 2006-
2010 

 
Mortality Model 

Variable Infant U5M 
Logged per capita spending 0.127 

(0.194) 
0.102 
(0.183) 

Lagged per capita spending 0.004 
(0.003) 

0.004 
(0.004) 

Population density 0.010 
(0.006) 

0.011 
(0.006) 

Urban (ref=rural)   Urban -0.089 
(0.109) 

-0.100 
(0.106) 

Urban * per capita spending 0.101 
(0.083) 

0.109 
(0.079) 

Education (ref=primary<=)   Secondary + 0.121 
(0.087) 

0.122 
(0.086) 

Toilet (No access)   Access to safe toilet -0.011 
(0.041) 

-0.012 
(0.042) 

Conflict 0.001 
(0.003) 

0.001 
(0.003) 

Distance * conflict in Sudan 0.000 
(0.000) 

0.000 
(0.000) 

Logged number of boreholes -0.022 
(0.013) 

-0.022 
(0.012) 

Year (ref=2006)   2007 0.007 
(0.158) 

-0.012 
(0.154) 

2008 0.219 
(0.322) 

0.144 
(0.301) 

2009 0.024 
(0.164) 

-0.009 
(0.156) 

2010 -0.112 
(0.170) 

-0.141 
(0.164) 

N  25,670   25,899  
Notes: (*=0.90), (**=0.95), and (***=0.99); in the parentheses are robust standard 
errors; N is the number of observations; U5M is under-five mortality. Distance to 
Sudan term is omitted because of collinearity.  
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Fig. 1: Map of South Sudan showing the 10 states 
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The Child Health Returns to the Health Extension Program (HEP): An 
Evaluation of a Large-scale Health Investment Program in Ethiopia 

 
Abstract 
 
Using the Demographic and Health Survey (DHS) and institutional data, we assess the 
relationship between child health and a large public health investment program in 
Ethiopia, the Health Extension Program (HEP), which follows quasi-experimental design. 
Net of demographic, human capital, and period covariates, we establish increased 
childhood survival between 22 and 39 percent, with infants benefiting more than children 
in other age groups. The findings reflect the robustness of the Ethiopia’s decentralized 
health system in managing the country’s health affairs. More specifically, they show that a 
combination of human capital investment at subnational levels, increased fiscal 
endowments, community-based participatory planning or governance, and augmented 
accountability measures produces effective health returns. Alternatively, the findings 
confirm that good governance promotes good health. We conclude that the Ethiopian 
health investment model could be a reputable source of wisdom for health policy in 
countries that have limited or rudimentary health system infrastructure. Thus, policy-
makers and practitioners in these other countries can draw from the HEP’s numerous 
instruments to deliver essential services and promote better health in their own settings.   
 

1 Introduction 
 
After the civil war, Ethiopia made increased investment and leadership autonomy in 

primary healthcare service a fundamental development strategy. To accelerate access to 

basic health services, between 1997 and 2010, several health sector development 

programs were formulated and rolled out (Ministry of Health 2007). These initiatives 

suggest that prior to the introduction of the Millennium Development Goals (MDGs), 

Ethiopia had embarked upon improving its population’s standards of living by increasing 

investments in basic services, an attempt to reduce, if not eradicate, poverty. Through 

Promoting Basic Services (PBS) Program, formerly the Protection of Basic Services 

Program, the country broadly aims at increasing access to education, healthcare, clean 

water supply, and sanitation services, recently allocating hundreds of millions of 

American dollars for Phase III of the program (Human Development Africa (HDA 
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2013)). Over the years, there have been substantial improvements in access to basic 

services. For instance, a proportion of the rural population with access to clean water rose 

from 32 percent in 2007 to 39 percent in 2011 (World Bank 2011). Similarly, Ethiopia’s 

poverty incidence has been progressively declining, though not in a similar pace as the 

other indicators.  

In health the PBS program supports the Health Extension Program (HEP), which 

was rolled out in 2005. These sorts of investments, many reports have shown, have 

improved the health of the population (World Bank 2013; EDHS 2011). The new 

development programs in Ethiopia benefit from an impressive economic growth (World 

Bank 2013) and tend to foster social development via several channels (Deaton 2003). 

First, it creates incentives that enable the poor to gain improved access to healthcare 

services, as has been witnessed in the substantial reductions in infant and childhood 

mortality between 2005 and 2011 (ODI 2010). Second, the program increases access to 

basic education, increasing average years of maternal schooling, which in turn promote 

infant and child health (Asefa et al. 2000). Third, the program promotes economic 

development, which has considerable influence on health outcomes, either through 

income generating opportunities or via increased subsidies for health and other social 

services (Preston 1975; Pritchett and Filmer 1999; Birchenall 2007; Cutler et al 2006). 

Finally, the program attempts to alleviate economic hardships among rural populations, 

raising standards of living there. The rural populations tend to have limited access to 

economic opportunities, hence experiencing relatively poorer health outcomes. This is 

particularly important in light of the fact that economic vulnerabilities are often 

associated with ill health outcomes (Deaton 2003).     
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Targeted at enhancing reconstruction and development in post-conflict Ethiopia, 

the HEP was instituted and rolled out first in the agrarian regions where the country’s 

political leadership had more influence (World Bank 2013; Federal Ministry of Health 

2007). Being part of the PBS program as outlined earlier, the HEP became a nationwide 

development strategy aimed at expanding healthcare access to all Ethiopians, with 

particular emphasis on populations living in the rural areas (HDA 2013). More 

specifically, the HEP was birthed to address longstanding problems of the country’s 

universal coverage in primary healthcare (World Bank 2013). Although the HEP was first 

tested in the agrarian communities, it was subsequently scaled up and expanded to 

pastoral and urban areas within historically disadvantaged regions, though marginally. 

The PBS funds block grants to support local staffing and pay for recurrent 

expenditures of the HEP at district level. Since then, the HEP program has been 

considered as innovative and effective. Part of its potent aspect is alleged to have sprung 

from an integrated measure of citizenry participation in promoting transparency and 

accountability (World Bank 2013). Another vigor of the HEP is its ability to strengthen 

the decentralized (autonomy in health care management) public financial management 

system, allowing the local civil society organizations to provide feedback/advice on 

service delivery to local administrators and service providers in an attempt to improve the 

program (HDA 2013). 

As a result, Ethiopia has made substantial progress in improving health outcomes 

and appears to be on track of achieving some of the health indicators stipulated in the 

MDGs in the last decade (EDHS 2011; ODI 2010). Ethiopia’s impressive achievements 

in health, as many would argue, are widely attributed to government’s outstanding 
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commitments and development strategies tailored towards improving household 

behavior, and increasing health coverage at all levels (World Bank 2013; HDA 2013; 

DHS 2011). The HEP has, therefore, become a critical development strategy for the 

government, a flagship program that provides skilled labor and health infrastructure to 

improve health outcomes in the country. The HEP currently delivers 16 health packages 

in form of three broad service branches, including preventive, promotive, and curative 

care (World Bank 2013; Federal Ministry of Health 2007). All of these services, as we will 

discuss in detail later, are available to most Ethiopians in need free of charge.  

The HEP is run by Health Extension Workers (HEWs), two stationed at each 

health post. A vast majority of the HEWs are female, who have attained at least a high 

school education and are recruited with community’s active contribution, part of the 

administrative decentralization mechanism of the government of Ethiopia (World Bank 

2013). To gain necessary capacity beyond secondary education, the HEWs are trained for 

12 months before deploying back into their communities to promote health and provide 

direly needed services. A pair of two HEWs serves 3,000 to 5,000 people at a village level 

or Kebele as it is locally known (World Bank 2013). Since the commencement of the 

program, more than 35,000 HEWs have been successfully recruited, trained, and 

deployed to the villages (World Bank 2013). Moreover, roughly 15,000 health posts (each 

in a Kebele) have been constructed and equipped with the involvement and contribution 

of the communities (World Bank 2013). In addition to guiding the selection of extension 

trainees who return as health extension workers, communities work along side the HEWs 

to identity volunteer model families to help strengthen local innovation, sustain the 

program, and assume program ownership (Federal Ministry of Health 2007). 
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Analyses show that Ethiopians are now living better and longer after the 

introduction of the HEP (EDHS 2005; EDHS 2011). More specifically, morbidity has 

decreased, access to family planning has increased, and hygiene and environmental 

health conditions have improved. The under-five mortality rate declined from 123 per 

1,000 live births to 88 per 1,000 live births between 2005 and 2011; access to 

contraceptives rose from 15 percent to 29 percent; under-five stunting also declined by 8 

percent; there has been 10 percent decline in anemia incidence among women; and 

access and use of insecticide-treated nets increased by nearly 40 percent (DHS 2011). As 

well, access to safe drinking water in the rural areas has improved—rising from 35 to 71 

percent over the years (DHS 2011; HDA 2013). 

While the HEP is highly praised as a life changing investment due to its robust 

policy infrastructure, its specific impact on infant and under-five health remains 

unknown. This is because empirical evidence that deterministically links health to the 

HEP is scanty. That is, if at all the HEP has caused these appreciable health outcomes in 

the country, how much a contribution this is, remains unknown. What we do know is that 

many analysts have premised the program’s success on a number of untested theoretical 

propositions. First, advocates of the program assume that improved access to healthcare 

services fosters suitable opportunities for better health. The current claims on improving 

health in Ethiopia are based on this theory: that distributing more health extension 

workers and facilities might have led to better health in the country. Secondly, consistent 

with the traditional health economic theory, it is expected that better economic 

opportunities result in health gains (HDA 2013). Ethiopia’s economy has been 

impressively growing in the last decade, with its distributive effects likely to be realized in 
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health, so the speculation goes. Finally, Ethiopia relies heavily on capacity training and 

provision of other material inputs to achieve better health results. With good governance 

and consistent funding support, the health returns to the HEP investment should be 

positive. Whether this health model is effective, however, has not been empirically 

established. To improve our understanding on the HEP’s specific health returns in the 

country a cause-to-effect analysis is required. This is an important contribution since the 

ongoing debate on the program has been largely descriptive and broadly relies on access 

measures. This study, therefore, attempts to fill this gap through widely utilized program 

evaluation techniques for quasi-experimental projects.  

Using a combination of survey and policy data and applying difference-in-

differences empirical strategy, this analysis assesses the impact of the HEP on infant and 

under-five mortality in Ethiopia. In particular, it evaluates how this enormous health 

investment in Ethiopia has translated into infant and under-five health improvements in 

the last decade. We explore this relationship by specifying and estimating infant and 

under-five mortality as a function of the HEP, net of lurking measures. Our fundamental 

research questions include: (1) Has the HEP contributed to improved infant and under-

five health in Ethiopia? (2) If so, how much is the impact? And (3) are there residential 

differences in the effectiveness of the program? The latter question focuses on urban-rural 

differences in response to the program. Differences between the two settings are assumed 

due to potential low capacity in the rural areas.  

By this analysis, we hope to make two important contributions toward ongoing 

policy and academic debates regarding public health policy in the developing world. First, 

we empirically evaluate whether there have been important health returns to a large-scale 
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health investment program, the first of its kind in the Eastern African region. Secondly, 

any lessons of positive returns from this health investment model can be used to improve 

healthcare policies in other transitional countries, particularly in the region. For example, 

South Sudan, the world’s youngest country that is currently formulating its health 

development agenda or policies, could greatly draw from this public policy effort.  

The rest of the analysis proceeds as follows. Part 2 surveys the link between health 

and public health investment using prevailing literature; Part 3 summarizes the HEP; Part 

4 details our data and empirical strategy; Part 5 presents the results; and Part 6 discusses 

these results and concludes with implications for policy and future research.  

 

2 Linking health investments to health outcomes  

2.1 General perspective  

 

Being public good, there is a universal expectation (obligation) that the public institutions 

deliver quality health to all. According to Dupas (2011), for instance, governments 

throughout the world are obligated to intervene in matters related to health. She argues 

that the first obligation concerns access to adequate health care as fundamental human 

rights, often with emphasis on equity. Governments that respond to this obligation 

attempt to provide primary health care services. The second obligation that necessitates 

government’s commitment concerns the health sector private market failures. The 

government takes up some delivery responsibilities if the private markets are not effective 

(Dupas 2011). The central issue with publicly supported health system, however, is 

whether there should be user fees for services, a question of sustainability. The other issue 

concerns the cost-effectiveness of such a health model—that is, are the returns worth the 
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cost? These concerns are generally critical in all societies and particularly in sub-Saharan 

Africa where public health services constitute more than two-thirds of medical services 

(Dupas 2011). Indeed, user fees have implications for cost-effectiveness, efficiency, equity, 

public health care spending sustainability, and the quality of services provided (Dupas 

2011). Hence, despite all the rights obligations previously outlined, some governments, 

African included, continue to charge user fees for health services for a number of good 

economic reasons.  

First, the governments charge user fees in order to sustain the program and cut 

down on costs associated with providing health care services and to raise the quantity of 

services provided, increasing services and ensuring program’s cost effectiveness (Dupas 

2011). Secondly, charging user fees may help improve allocative efficiency—that is, 

ensuring that the products or services being provided go to those that actually need them 

the most (Dupas 2011). As well, research shows that user fees may help limit over-

utilization of the services ‘by those for whom the program benefits are lower than the 

costs of providing them’, turning fees into a deterrence against potential waste (Dupas 

2011).  

Although user fees are critical, especially with respect to sustainability of the 

health system, in sub-Saharan Africa, those often depress demand for health services, with 

people underusing the services when the cost is unaffordable (Sahn et al 2003). Sahn et al 

(2003), for instance, find in Tanzania that the demand for health care services is modest 

when the price increases or when the user fees are high, especially for individuals at the 

lower end of income distribution. This finding shows that increase in user fees for services 

leads to steep decline in the demand for health services in economically disadvantaged 



 

 

128 

populations. Likewise, the quality of medical care impacts upon health demand; users are 

reluctant to purchase the services if the price is high and the quality of services is poor. 

Similarly, Deininger and Mpuga (2004) analyze the economic and welfare effects of the 

abolition of health user fees in Uganda, finding that the abolition of user fees significantly 

improves access to health services, especially among the poor, whose spending on health 

is significantly reduced when the policy demands user charges. What is consistent with 

this story is that user fees are more concerning for the poor who most need the services. 

This story, therefore, implies that instituting the user fees might need to be carried out in 

consideration of exemptions for the poor so as to achieve the objectives of promoting 

better health for all via increased access in sub-Saharan Africa (Dupas 2011).  

Since public health financing depends on a number of economic constraints, 

Eastern African nations, namely Uganda, Tanzania, Kenya, Rwanda, and Ethiopia, have 

adopted a wide range of public health care provision strategies to promote better 

aggregate health outcomes, while, depending on a country, charging relatively low fees 

(World Bank 2013). Ethiopia’s strategy of publicly funded decentralized health service 

delivery, with many of the services paid for by the government, for instance, confirms that 

low user fees increase health coverage and utilization and reduce morbidity and mortality 

(El-Saharty et al 2009). Low user fees yield positive results when the health system is 

robust. The effectiveness of the Ethiopia’s health investment depends on institutional and 

management capacity at the subnational level; for example, the government of Ethiopia 

has made substantial investments in capacity building, paying to train service delivery 

agents for at least a year (World Bank 2013; DHS 2005; DHS 2011).  
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Moreover, in Rwanda, results-based financing (RBF) in health is shown to be 

effective and feasible (Morgan 2010; Logie et al 2008). This national strategy, which pays 

health facilities and providers for results, has improved health outcomes and health 

system performance in the country (Basinga et al 2011). Empirical evidence indicates that 

performance incentives encourage providers to translate their knowledge and resources 

into better services, leading to improved health in the population (Morgan 2010). 

Autonomy in the health administration leads to increased utilization of services and 

favorable health returns given the wider participation of the community (Bossert 1998 

and 2008). In Uganda, for example, community empowerment initiative supported by 

the government increased utilization and efforts by engaging the community members to 

press on accountability from their authorities (Bjorkman & Svenson 2009). While health 

interventions or investments vary from country to country, researchers focusing on 

Rwanda recommend that policy practitioners searching for practical solutions to health 

sector performance problems may want to consider results-based financing in order to 

realize needed returns to their investments in health care services (Basinga et al 2011; 

Morgan 2010; Gertler and Vermersch 2013). 

In the region, both Rwanda and Ethiopia’s health systems feature prominently 

because they are considered the most effective models in the region. Although the two 

systems differ markedly from each other in terms of design, the objectives of the 

healthcare service delivery they promote appear similar on some systematic measures, 

with public financing as a common ground. The next section explores Ethiopia’s public 

financing strategy in relation to health returns.  
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2.2 Ethiopia’s context  

 

After the regime change in Ethiopia in 1991, the country’s economy expanded, especially 

following remarkable reforms and sound development policies, subsequently resulting in 

GDP growth that averaged between 7.3 and 10 percent annually (World Bank 2013). 

This seemingly successful economic transition, from development perspective, implies 

subsequent improvements in the Ethiopians’ living standards. Considerable proportion of 

this economic progress is partly owed to the country’s investments in Promoting Basic 

Services (PBS) program or the Plan for Accelerated and Sustained Development to End 

Poverty (PASDEP), which seeks increased investments in public service delivery, 

particularly health. Drawing over a billion United States dollars in funding from public 

purse, the PBS/PASDEP has since 2005 created jobs in the country’s health sector, with 

a workforce that added 38,000 employees, all of them supporting extensions. As well, the 

program supported employment in education and agriculture by adding 100,000 primary 

school teachers and 45,000 agricultural extension workers, respectively (World Bank 

2013). These economic improvements imply relatively better quality of life for the 

population.  

The HEP, principally aimed at addressing the nation’s primary healthcare needs, 

is prominent for expanding access to health services in the country, especially to the rural 

communities, which represent over 80 percent of the country’s population (Wilder 2008). 

There are four key attributes that make the HEP discernibly impactful. Chief among 

these, as discussed elsewhere, is capacity building program that targets the local health 

systems through specialty training of service providers and the selection of volunteer 
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family models and provision of numerous material inputs such as medical supplies and 

operational centers. The second attribute concerns altering family or household health 

behaviors for locally engineered, sustainable care. The program achieves this innovative 

objective through home-based, as opposed to facility-based, service delivery activities. 

Specifically, the HEP’s design requires that three-quarters of the extension workers’ time 

be spent on family or household visits, which focus on basic health education such as 

breastfeeding, cooking, reproductive health and family planning, HIV/AIDS prevention 

and control, malaria prevention and control, emergency aid measures, immunization, 

and production and maintenance of quality hygienic or environmental health practices 

(Federal Ministry of Health 2007). The third attribute constitutes the program’s 

considerable emphasis on disease prevention as opposed to cure. This is a pre-emptive 

strike designed to reduce costs related to addressing existing health problems. Finally, 

though national in scope, the HEP primarily ensures greater investments are made in 

settings with relatively large population concentrations and in rural areas where access to 

healthcare services is relatively inadequate. This service provision paradigm enables wider 

health coverage at macro level, fostering returns for better health nationwide. This effort 

is associated with reductions in childhood mortality over the years in Ethiopia, partly due 

to improved maternal education and antenatal care attendance (Asefa et al. 2000).      

Indeed, the bulk of development literature clearly links individual and population 

health outcomes to both refined and general socioeconomic conditions of a society and its 

members, as Ethiopia’s situation seems to underscore (Pritchett and Filmer 1999). 

Increased income, improved public health infrastructure, and disease control have been 

shown to impact health outcomes (Preston 1975; Cutler et al 2006; Deaton 2013). 
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Because of considerable investments in public projects, developed countries have escaped 

a host of health adversities that continue to plague the developing world today (Deaton 

2013). In an attempt to escape poor health conditions, Deaton suggests, many societies 

have made economic development a priority, among others.  

Birchenall (2007) shows that substantial mortality declines during the second half 

of the 20th century, both in the developed and developing societies, resulted from 

improvements in economic conditions, particularly the rising average incomes.  The 

evidence indicates that economic development, often measured as an average GDP, 

improves individual and aggregate health via differentiated disease effects and access to 

quality health services (Preston 1975). This makes economic development a prominent 

determinant of health (Cutler et al. 2006). Furthermore, household studies concerned 

with the relationship between health and economic status of individual households 

associate poor health, particularly among young children, with unfavorable economic 

conditions (EDHS 2000). In Ethiopia, ORC Macro (2002) documents childhood stunting 

disparities via stratified household’s economic standing, finding stunting prevalence 

among children in the poorest households to be twice as high as that of those living in 

more economically resourced households. Rural areas where modern economic activities 

are seldom available suffer the poorest health outcomes. This is because economic 

vulnerabilities are associated with ill health outcomes (Deaton 2003).     

Although Ethiopia’s macro-economic growth has improved tremendously since 

the regime change in the 1990s, its influence on health took a very slow pace at some 

point, with resultant benefits being barely reflected at individual or household levels. For 

instance, the average prevalence of stunting among under-five children stood at 47 
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percent; anemia 54 percent; diarrheal episode 18 percent; and child vaccination 20 

percent 14 years later (DHS 2005). Moreover, the DHS report notes that ‘half of 

Ethiopian children were chronically malnourished’, with stunting and wasting remaining 

very severe in 2005. These findings suggest that more recent improvements in health in 

Ethiopia could be a reflection of the HEP’s returns.  

Furthermore, children from poor background get exposed to indoor air pollution, 

overcrowding, inadequate sanitary conditions, and are more likely to be subjected to 

fragile disease resistance mainly due to malnutrition (Victora et al. 2003). Hence, poverty 

elevates exposure to poor health, and reduces disease endurance (Victora et al 2003). 

Poverty makes environments unsafe, subjecting children to a high risk of mortality, 

essentially making public health intervention programs a necessary endeavor. To be sure, 

Black and colleagues (2003) in their analysis of risk factors for child death of a cross-

section of countries find that lack of good sanitary conditions, such as safe drinking water 

and toilet is responsible for over a million child deaths each year, with 88 percent caused 

by diarrhea. Toward the end of the 20th century, the leading causes of child death in 

Ethiopia were environment related (water quality and source; latrine standard; 

ventilation), mostly diarrhea and respiratory complications, though parental attributes 

also played a significant role (Shamebo et al. 1993). Today, diarrhea remains a major 

cause of ill health among Ethiopian children, with as many as 40 percent of diarrheal 

cases receiving no medical intervention; and only 7 percent of children with respiratory 

conditions get treated (DHS 2011). These findings readily point to the underlying 

requisite of altering the disease environment, as a way of improving infant and child 

survival in the country. This could be done through direct and indirect investments in 
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health, namely the provision of quality health facilities, training of medical staff, increase 

in formal education, employment, and the provision of quality housing. The HEP marks 

one such way of altering disease environment to promote better health in Ethiopia. 

Female education influences child health in a variety of paths. An advantage in 

years of formal education improves knowledge in health, and provides other 

socioeconomic incentives. Looking at education-stratified antenatal care provision in 

Ethiopia, DHS (2005) finds that more educated women are much more likely to have 

access to the care than do their modestly or uneducated counterparts. Given example, a 

high 81 percent of women with secondary school or higher education received antenatal 

care compared to only 22 percent of women without formal education in 2005. Likewise, 

professionally assisted childbirth varies with maternal, formal education, with 58 percent 

of better-educated Ethiopian women seeking this professional service; this is in sharp 

contrast to only 2 percent among lowly educated women. Because they tend to be better 

informed about the importance of personal health “[e]ducated women are less 

intimidated seeking health care for themselves and are therefore more likely to overcome 

barriers to accessing health care” (DHS 2005). The HEP attempts to narrow these 

socioeconomic disparities and promotes comprehensive basic service coverage in the 

country.  

The 2005 DHS analysis indicates a substantial association between maternal 

education and infant or childhood mortality in Ethiopia. In particular, Ethiopian children 

born to non-formally educated mothers ‘were more than twice as likely to die in infancy 

as those born to’ educated mothers; the rate is three times as high for children under the 

age of five. This difference in childhood health via mother’s education is presumably 
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explained by educationally assisted access to healthcare services, improved gender 

relations in the household, knowledge of specific health problems, and relatively high 

household incomes. For instance, children of educated mothers are more likely to be 

vaccinated, and are more likely to be aware of condom use as a preventive measure 

against HIV/AIDS as adults (EDHS 2005). Because education empowers women to seek 

better living, it enables them to obtain professional, healthcare services and to 

appropriately follow treatment instructions for their children who are experiencing ill 

health. This importance of education to both incomes and health makes it a more 

productive public good in general and specifically in Ethiopia—that which requires 

considerable investment. Through investment in education, Ethiopia tries to accelerate 

universal development, meet the MDGs, and to seek redress against extreme poverty—a 

risk factor for health. The HEP program is a response to these poverty problems, with an 

expectation that it will make vital contributions towards education and health in the 

country. Available knowledge supports this thinking since appropriately managed large-

scale public expenditure on education boosts access to essential learning, increases human 

capital capacity, and reduces infant and child mortality mostly via maternal education 

(Gupta et al. 2002).   

 

3 Background of the Health Extension Program 
 
3.1 The program  
 

The Health Extension Program (HEP) is part of the Ethiopia’s flagship health sector 

development programs instituted in 1997, and seeks to implement arrays of the objectives 
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outlined in the Plan for Accelerated and Sustained Development to End Poverty1 

(PASDEP) (Federal Ministry of Health 2007). To meet these health objectives, the 

Ethiopian government instituted a 20-year Health Sector Development Program (HSDP), 

phased out in a 5-year sequence.   

As an instrumental component of the country’s broader development strategy, the 

HEP specifically caters to the primary healthcare needs of the families and households, 

with a further intent of meeting the Millennium Development Goals (MDGs). Aimed at 

improving maternal, infant, and child health in the country, the program places primacy 

on universal healthcare coverage, focusing on millions living in the rural areas where 

health conditions are often severe and access to basic services is significantly strained. 

Unlike prior health initiatives that prioritized curative care, for example, the 1970s 

primary health care model, the HEP, largely premised upon ensuring equity in health 

service delivery, incorporates both ‘promotive and preventive’ care, and extends widely 

across the country, making the program not only more comprehensive but also 

innovative.  

The HEP has 6 broad objectives. The first concerns improving access to and 

promoting equity in primary healthcare services at household or village level. This is in 

response to the national policy on health system decentralization, which emphasizes 

increased coverage and ensures local innovation in the production of quality health 

mostly in the rural communities. The second objective centers on promoting increased 

community participation in health management, production, and maintenance decisions. 
                                                   
1 The objective of the PASDEP is to define the nation's overall strategy for development for the 
coming five years; to lay out the directions Ethiopia wants to take, with the ultimate objective of 
eradicating poverty; and to outline the major programs and policies in each of the major sectors. 



 

 

137 

This community’s involvement is important because it promotes needed awareness and 

generates local support and tools for sustained activities. The third objective ensures 

gender equity in health services coverage. The fourth objective intends to reduce health 

service utilization gap in the population through deployment of well-trained health 

extension workers. This commits resources to enhance local health workers’ capacity for 

quality services. The fifth aims at reducing maternal and child morbidity and mortality, a 

direct confrontation of the health problems the MDGs 4 and 5 have committed to 

address. The final objective concerns the promotion of a healthy lifestyle for all the 

citizens in the country. This is a broader objective, which encompasses general human 

development.   

The HEP offers locally engineered health packages to the households or families. 

Focusing on households or families, with professionally trained extension workers directly 

administering services in the home mostly for free, helps resolve the access problems 

related to operational center-based service delivery strategy (i.e., transport, fees, and the 

interference of socio-cultural norms with modern medicines). In line with this 

commitment, the HEWs spend 75 percent of their time on outreach activities by visiting 

families or households; services the HEWs administer include teaching mothers on how 

to care for newborns, lessons on quality nutrition, latrine construction, and how to deal 

with environmental health problems. This outreach healthcare provision strategy, which 

equally helps identify a set of model family volunteers to serve as role models, allows 

individual families or households to increasingly utilize basic services and acquire skills 

necessary for local health promotion.  

Covering Ethiopia’s 9 regions, 2 city centers, and 15,000 administrative units 
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called Kebeles (villages), the accelerated program was expected to construct 15,000 

operational health centers (commonly known as health posts), and train and deploy 

30,000 extension workers countrywide by 2009. Each operational post deploys 2 HEWs 

and serves a population of 5,000 people, a Kebele population.  

Whether or not the HEP’s objectives might have been met could be assessed via a 

host of program indicators. Chief among these indicators include the level of 

immunization achieved during the process, the extent of access to oral rehydration salt, 

access level to antenatal care, and the use of anti-malarial measures. Other indicators 

include HIV/STIs infections, contraceptive use, assisted delivery, adolescent parenthood, 

and availability of water, sanitation, and hygiene (WASH) facilities.   

Prioritized in the HEP’s development and execution are six interrelated major 

inputs. The initial input entails the development of a systematically specialized training 

health program for extension workers. This process corresponds to the capacity building 

objective the country has committed to in the new health model. The second input 

concerns the provision of operational centers to facilitate the system’s objectives. That is, 

for the extension health providers to reach out to all corners of the country, service 

distribution posts or facilities had to be built across villages or Kebeles. The third input is 

the development of an institutional policy governing medical procurement and how the 

acquisition and distribution of medicines and drugs is facilitated across different 

stakeholders, i.e., woreda, regional, and federal governments. Distributive governance is 

therefore key in guaranteeing success of the program. In the fourth input, the program 

seeks community’s full participation, especially in the recruitment of the HEWs and the 

enlistment of community support through model family volunteers. This essentially fosters 
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an opportunity that guarantees a sustainable health system that utilizes locally mobilized 

tools and skills to produce and maintain quality health in the communities. The fifth 

input is the requirement of coherent leadership and planning processes in the 

administration of the HEP incentives. This stipulation requires that different layers of the 

government be involved in distinct, yet coherently coordinated roles and responsibilities. 

As well, the planning processes were designed in a way that demands system appraisals 

and studies that are aimed at establishing or identifying basic needs of program 

beneficiaries. Thus, needs based studies have been jointly conducted by the HEWs and 

Kebele Council, before any specific service provision activities are embarked upon.  

In addition, the government instituted the Health Management Information 

System (HMIS) for the purpose of accountability and performance monitoring of the 

HEP. The last input is political commitment and accountability, which the ruling 

Ethiopian People Revolution Democratic Front (EPRDF), a coalition of four distinct 

political parties ruling in the four most populated regions of Tigray, Amhara, Oromia, 

and SNNPR, has substantially emphasized and enforced over the years.  

 
 
3.2 Program management 
 
The effectiveness of the HEP partly depends on the investment in human resources. 

Under federal, regional, and district government’s stewardship, the HEP’s posts are 

manned by extension workers (HEWs) with support from community-based voluntary 

community health workers (VCHWs). The VCHWs are instrumental in facilitating 

HEWs’ activities, especially as a way to build trust and enable increased access to 

program recipient families and communities. The HEWs, a vast majority women and 18 
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years or older, with an education no less than 10th grade diploma (for agrarian regions), 

are recruited for training and deployment with community’s participation. Each HEW is 

trained for a period of one year before being deployed back into the community. The 

training covers basic classroom theory and field, technical exercises.   

The federal ministry of health, regional health bureaus, and woreda (district) 

health departments are responsible for procuring medical supplies for the health posts; 

the woreda health units then distribute the medical items to the health posts at Kebele 

levels.  

 
3.3 Elements of the HEP package 
 
The HEWs provide services in four broad health areas. The first is disease prevention and 

control. This health component focuses on HIV/AIDS and other sexually transmitted 

diseases and tuberculosis prevention and control. It also focuses on first aid emergency 

measures and malaria prevention and treatment. The second element concerns family 

health, which concentrates principally on maternal and child health, family planning, 

immunization, nutrition, and reproductive health. The third element focuses on water 

and sanitation programs, covering hygiene, safe water supply, waste management, and 

vector control. The last element is health education and communication program, which 

is concerned with imparting practical preventive measures to the community.      

3.4 Financing 
 

Generally, the Ethiopian health system is financed through revenues generated by the 

federal and regional governments; bilateral/multilateral grants and loans; non-

governmental agencies; and private contributions. The Harvard School of Public Health 
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and Yale Global Health Leadership Institute (2012) found that Ethiopia spent US$1.2 

billion on health in 2007, a marked increase from US$522 million three years earlier.  

Embedded in the new health reforms are ways to financially sustain health 

facilities at the local levels. This sustainability model requires that a number of service and 

user fees be levied depending on the facility and financial conditions of an individual 

recipient. However, the HEP’s services are administered free of charge, as the program 

largely targets the rural poor who are often unable to afford the cost of health services. 

Moreover, certain hospitals and health centers outside the HEP’s mandate offer fee 

waivers for a number of select services to the poorest members of the community. 

 
3.5 Decentralization 
 

The HEP is unique in a sense that it is premised on the decentralization of the health 

system of governance. For example, all health units in Ethiopia have management boards 

independent of governments. The boards give direction on the extent of specific local 

needs and how available resources are utilized to adequately meet them. This health care 

management model is rewarding, as “Decisions made locally are based on better 

information about priorities and local needs, decision making will be faster as there will 

be no need to wait for central approval, there should be greater accountability as the 

board can monitor how funds are used and what’s being done to improve services, it may 

be easier to introduce fees or other financing arrangements, and there is more incentive 

with local retention of revenues”, says Keseteberhan Admassu. 

 

3.6 Program rollout and recipient selection 
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In 2005, that would be 1997 Ethiopian’s calendar, the Federal Ministry of Health 

(FMOH), with support from regional and district health institutions, launched the HEP, 

administering its main interventions in the most populated four regions of the country, 

namely Oromia, Amhara, Southern, Nations, Nationalities, and Peoples (SNNPR), and 

Tigray. The primary reason the HEP implementation was initiated in the four regions 

listed above and not in the others is that the ruling party had full control of those 

constituencies. And as the HEP requires political commitment and accountability, the 

Ethiopian People Revolution Democratic Front (EPRDF), a coalition of the four parties 

ruling in Tigray, Amhara, Oromia, and SNNPR, wanted to implement the program 

where it had political leverage. Since the rollout of the program depended on political 

dominance of the EPRDF in particular regions but not on actual health needs, this allows 

for an identification strategy that examines an exogenous relationship between early age 

mortality and the HEP. Alternatively, the distribution of HEP services has been 

independent of recipients’ local health conditions.  

Table 5 shows the distribution of health extension workers and facilities across 

regions between 2005 and 2009. There are two principal reasons for restricting the 

program data to the period between 2005 and 2009. First, this corresponds to the period 

covered by the EDHS health or mortality data, with information obtained in 2005 as a 

benchmark. This is fundamentally decisive since this work is an appraisal exercise. 

Secondly, 2009 marks the time when the program committed to achieving its maximum 

output in terms of trained and deployed HEWs (Federal Ministry of Health 2005). 

At rollout, 1,296 were trained and deployed in Oromia, 3,500 in Amhara, 1,494 

in SNNPR, and 800 in Tigray, totaling to 7,090 HEWs that particular year. In 2007, the 
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program was later scaled up to cover the remaining 7 regions. As a result, the number of 

HEWs more than doubled in 2007.  Although the program was introduced in the other 

regions, its intensity remained greater among regions where it was first administered. 

Overall, there were 37,636 fully trained and deployed HEWs in 2009, with an annual 

average of 7,527 HEWs.  In 2006, there was a total of 5,955 operational health centers in 

the country, both old and new. A vast majority of the centers went to Oromia (1,097), 

Amhara (2,075), SNNPR (1,828), and Tigray (586) regions; this is consistent with the 

distribution of HEWs described above. 

 

4 Methodology 
 
4.1 DHS data  

 

This analysis uses quantitative data, drawn from two main sources. The first set of these 

data is Ethiopia’s three panels of large cross-sectional, nationally representative household 

surveys data from the Ethiopian Demographic and Health Surveys (EDHS). The DHS 

data provide child health information, including mortality, among other social indicators, 

for individual households. The study uses data from 2000 (N=15,367), 2005 (N=14,070), 

and 2011 (N=16,515) periods. The DHS data are randomly drawn using multi-stage 

clustering and residence-based stratification sampling strategy that first classifies 

households into unique clusters commonly known as the Primary Sampling Units (PSUs), 

and then dichotomizes the respondents as either urban or rural dwellers. The clusters and 

the households are spread across 9 regions and 2 cities of Ethiopia, with the regions and 

cities representing the second highest administrative units of the country’s federal system. 

The significance of the DHS data is that they are collected every five years in order to 
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evaluate progress made in child and maternal health, providing a unique opportunity for 

empirically assessing the impact of a decade long health investment project (HEP).     

 

4.2 The HEP data 

The second dataset the study uses comes from the HEP institutional and program 

intensity information collected and maintained by the Ethiopian’s Federal Ministry of 

Health. Such information is classified by region, a central caveat in the dataset. For this 

reason, we limit our analytical interest to comparing the 9 regions of the country. 

Therefore, the interest lies in whether or not a specific region has received the HEP 

support during the program window.  

The primary strength of the HEP is that its initial rollout did not depend on 

health needs. Rather, where the program went first was based on political explanations. 

For instance, due to the governing party’s outstanding political influence in the country’s 

four most populated regions, the program was first administered there before it was 

subsequently scaled up to the national level. All of the areas that benefited from the 

program are largely rural. The other strength of the HEP data is that they are 

periodically collected to track the intensity of the program, measured in the number of 

HEWs deployed to a region and the number of health facilities constructed in each region 

per year. The current HEP institutional dataset covers the 2005-2009 period, which is a 

perfect time window for empirically assessing early age mortality between 2005 and 2011, 

the periods during which the EDHS randomly drew the latest health information from a 

nationally representative set of households in Ethiopia.  
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4.3 Empirical strategy  
 

The fundamental objective of this analysis is whether an identifiable relationship between 

mortality and the HEP can be empirically established in Ethiopia, a call for an impact 

evaluation. Since this is an evaluation of a long-term health investment program, 

estimating this effect certainly requires repeated cross-sectional or longitudinal data. The 

current EDHS and HEP data, therefore, excellently meet this condition. The EDHS 

cross-sectional data comprise three household health surveys that detail infant and under-

five mortality information for individual households across regions. The HEP dataset, 

also based on regional subgrouping, details program administration and its intensity over 

time. The administration aspect of the program indicates whether a particular region has 

received the HEP support, while the intensity aspect constitutes the per capita numerical 

strength of the distribution of HEWs and health posts across the regions during the focal 

period. To estimate the HEP’s treatment effect on infant and under-five health using the 

EDHS, the two latest datasets are selected. However, all of the three EDHS datasets are 

used for evaluating secular declines in mortality. Combining the two datasets then enables 

us to empirically estimate differential mortality between children of households in the 

treated regions and those in control regions, and establish whether the relationship exists 

and how much contribution the program has had on mortality reduction in the 

beneficiary regions.  

The health returns of the HEP are theoretically confined to the regions that 

received the program—that is, changes in health in the treated regions due to factors 

other than the program would compromise our empirical identification strategy. 

According to this premise, possible changes in health in control regions during the period 
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considered need attributing to other explanations. Net of these other explanations, the 

estimated treatment effect should consequently be unbiased. Also, by this theoretical 

construction, spillover effect, which may cloud expected differences in the primary 

outcome between the two groups, is assumed to be marginal or nonexistent.  

 This analysis is based on the country’s 9 regions (see Fig. 5). The program regions 

include Tigray, Oromia, SNNP, and Amhara. The two administrative city centers, Addis 

Ababa and Dire Dawa, are excluded from the analysis because they do not meet the rural 

setting constraint. This leaves Affar, Gambela, Somali, Harari, and Ben-Gumz as control 

regions. However, some of the control regions did become beneficiaries of the program 

years later, but the investment effort there has been very marginal as to expect significant 

health returns. We therefore base our present intuition to exclude those regions on the 

program’s requisite of two HEWs per 5,000 population. More specifically, in the regions 

that eventually received the program but have been included in the control group, we 

find fewer than an HEW per 5,000 people.  

The analysis starts out with descriptive evidence, first by focusing on secular 

changes in mortality. Table 3 and figure 4 chronicle mortality for children 5 years or 

under between 1995 and 2011. Secondly, we consider various covariates to disentangle 

the HEP’s impact from other lurking factors. The most important variables we have 

considered include demographic and human capital development, especially female 

education.  

Finally, we now test the common proposition that the HEP has indeed 

substantially improved child health in Ethiopia. We estimate the average treatment effect 

(ATE) using a difference-in-differences (DID) empirical strategy. The DID procedure 
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examines the effects of objectively designed policy programs on targeted social outcomes, 

making it an appropriate empirical tool for evaluating public policy commitments. The 

procedure allows us to estimate the average treatment effect on mortality for the treated 

regions between time 2005 and time 2011, while controlling for demographic, human 

capital, and period attributes. The primary assumption of this procedure is that our units 

(regions) of analysis are systematically similar on pre-existing characteristics; this means 

that the treatment (HEP) (whether or not each region received HEP intervention) is the 

only thing that sets the units apart. The common feature among regions is that they are 

largely rural. We test such parallel trend assumption and find that, indeed, the regions do 

not differ on pre-program characteristics (see Fig. 2). Demographic and human capital 

variables are included to account for other social improvements that may drive mortality 

down, while the period is included to account for mundane secular declines in mortality. 

We estimated closely related logistic regression models and estimate the impact of the 

HEP on mortality at time two (1). The models are first presented theoretically to 

thoroughly conceptualize the induced change in mortality. In the model specified below 

change in regional infant and under-five mortality is due to the introduction of the HEP, 

net of relevant covariates, as schematically specified below. This model is at the national 

level and focuses on birth cohort differences in mortality, creating two groups of those 

born before (<=2004) the program and those born during (>=2005) the program. We 

suspect that children born during the program whether or not the program was 

administered in their regions might have experienced better health than their 

counterparts. This is because the program was rolled out along with other national 

development programs.   
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logit(MiRt ) = XiHβ +ERδ + tt +εiR     

This model shows how mortality (MiRt ) for child i 5 years and younger in household H at 

time t in region R responds to the health extension program (ER ) in region R. M =1 if 

death or 0 otherwise; E=1 if the child was born during the program or 0 otherwise; δ

represents the parameter of interest (the average treatment effect of being born during the 

program and being in the treated region); Xih represents child and household level 

demographic, and human capital covariates; and εiR represents the model’s stochastic 

noise. Estimates based on general exposure are robust to regional- and period- fixed 

effects. Essentially, any meaningful relationship between birth cohort and the program 

would drive mortality downward. We extend this model to the actual program and 

estimate the average treatment effect on infant and under-five mortality on the treated 

(see Table 4).  

Given an underlying consensus that improving health in Ethiopia relates to the 

HEP, this hypothesis implies that the program’s effectiveness diminishes mortality. We 

therefore evaluate this relationship by estimating the average treatment effect for children 

five years and younger (see Table 6). This allows us to evaluate the effectiveness of the 

program on the health of all children in the entire country. The general idea is that a 

universally effective program is expected to benefit all children who have been exposed to 

it.   

 
5. Results 
 
5.1 Descriptive estimates 
 



 

 

149 

Tables 1 and 2, both provided in the appendix, summarize our sample, beginning with 

average mortality for a period of 17 years (1995-2011) among children 5 years and under. 

The average early age mortality in Ethiopia stood at a little over 20 percent during this 

period. When this estimate is decomposed to reflect gross changes due to the introduction 

of the HEP, we find that the program regions had mortality as high as 19. 6 percent. In 

contrast, the HEP control regions suffered the highest mortality rate, averaging 21.3 

percent (see Table 1 for further details). Moreover, Table 3 chronologically presents an 

impressive mortality transition over our period of interest, with death rates as high as 35 

percent in 1995 and as low as only 5 percent in 2011.  

Further decompositions of mortality using various strata equally yield informative 

results (Table 2). Regionally, Ben-Gumz has had the highest early age mortality of all the 

9 regions, with as many of its children as nearly 24 percent dying during the period. In 

contrast, Harari’s early age mortality was much lower, estimated at a little over 16 

percent. We find that education matters, especially secondary education, in reducing 

mortality. Compared to uneducated mothers whose children die at a rate of over 21 

percent, children of mothers who obtain secondary education, have only 9 percent 

chance of dying. Being a rural dweller accounts for roughly 21 percent chance of dying, 

while being an urban dweller results in 17 percent probability of dying.  Children in the 

households headed by men have a relatively lower mortality (19.6 percent) compared to 

23.8 percent among those in households headed by women. Likewise, fewer female 

children (18.8 percent) die than do their male counterparts (21.7 percent).  

We also decompose mortality so as to look at pre-HEP and post-HEP health 

conditions separately. We find that mortality was 27.6 percent in non-HEP or control 
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regions and 25.9 percent in the HEP regions prior to the rollout of the program. These 

rates have appreciably declined over the years, reflecting both secular transitions and the 

influence of the HEP, with control regions now having early age mortality as low as 9.5 

percent compared to a low 8 percent in the treated regions (see Table 2).  

 
5.2 Regression estimates 
 
Table 4, also located in the appendix, presents our logistic regression average treat effect 

results using four models. Before estimating the models, a parallel trend assumption of 

different trends in mortality at baseline between the two groups is evaluated using period-

treatment interactions. We reject the null of difference at baseline and conclude that the 

two groups do not differ in any statistically significant way (see Fig. 2 in the appendix). 

This is good news, as any difference in the outcome at baseline would bias the 

relationship between health and spending.  

To understand whether differential mortality is potentially due to sampling 

selection in the studied population. One of the candidate variables we suspect to likely 

indicate sampling selection discrepancies is mother’s height. Height is important because 

it is a good measure of mother and child’s health, hence may influence our results in some 

essential ways that require accounting for in our empirical models. For instance, if taller 

mothers were oversampled due to sampling imperfections, this can bias our estimates 

upward. Likewise, we would also expect an upward bias in the estimates if the program 

essentially increased mothers’ heights in the treatment regions, especially among 

respondents who were exposed to the program as teens and had eventually attained 

motherhood during the subsequent rounds of the survey. Thus, we assess this potential 
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relationship between treatment and mother’s height. A logistic regression of the program 

on mother’s height shows a statistically significant relationship, with 10-millimeter 

increase in mother’s height reducing their probability of selection into treatment by 1 

percent. This is comforting news, as the finding suggests that mother’s height biases our 

results in the opposite direction as the program. This implies that possible sampling 

imperfections least favor healthier mothers in this setting, which enables a stable impact 

evaluation in this population.    

Nevertheless, our findings are remarkable and sensible statistically. All of the 

average treatment effects we have estimated across all models are very high and 

statistically significant at conventional levels. Model 1 assesses the impact of the HEP on 

health according to the child’s birth cohort. Models 2 and 3 estimate the average 

treatment effects of the HEP on infant and under-five mortality. Only estimates from 

these two models are reported in Table 4, as our primary interest lies here (see Table 6 

for the rest of the models). Model 4 extends the rest of the models by including five-year 

old children. Essentially, children exposed to the HEP are expected to have better health 

outcomes unlike their counterparts. Net of demographic, human capital, and period 

covariates and regional fixed effects, we find that children whose birth coincided with the 

introduction of the HEP enjoyed a 45 percent chance of survival during the period.  

Likewise, for the treated regions, net of demographic, human capital, and period 

variables, infant and under-five mortality went down by 39 percent and 22 percent, 

respectively (see Table 4). When the same extension is made to include children 5 years 
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old, we find that the HEP intervention reduces mortality by nearly 19 percent2. Although 

living in an urban setting increases mortality by 16.6 percent for the infants and decreases 

under-five mortality by 19 percent, there is no evidence to suggest that residence plays a 

particularly important role in the effectiveness of the HEP. Many of the other covariates, 

such as secondary education, child’s sex, household size, number of children ever born, 

and mother’s height, however, are statistically significant at conventional levels, and in 

direction of our expectation.   

 
6 Discussion 
  
Investing in health for many countries is both socially and politically strategic, but can 

also be a matter of human rights for many others (Marmot et al 2008). When public 

resources are expended upon such an endeavor, the ensuing public expectations become 

considerably high. Typically, not all public investments yield desirable results, especially 

in developing countries where institutions are feeble, corruption is high, and 

accountability is relatively low, factors that significantly undermine good governance 

(Rajkumar & Awaroop 2007; Azfar & Gurgur 2007). But hope has been raised by recent 

evidence that suggests some developing countries have gained strength against these ills, 

with the ordinary citizens consequently realizing significant returns to public investments. 

In Sub-Saharan Africa, Ethiopia and Rwanda where new models of health investment led 

to increases in people’s standards and expectation of life, have become a standard 

reference for development discourses respecting the region. Ethiopia, an object of this 

                                                   
2 Regional fixed effects are not controlled for in model 2, 3, and 4 because program assignment is 
dependent on regions. Therefore, regions are excluded from the estimations to avoid 
multicollinearity problems.  
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analysis, stands out because of its strategic investment in health through its premier 

project—the health extension program, which has since 2005 supported rural health 

innovation countrywide. Over the last 10 years, the HEP has shaped the health image of 

many rural Ethiopians, substantially reducing early age mortality there. Its strategic 

strengths include participatory governance, local oversight, and substantial financial 

commitments.  

This analysis has documented the extent to which the HEP has contributed to 

better child health in Ethiopia in the last decade. Although there has been a consistent 

mortality decline over the years in the country, significant reductions in infant and under-

five mortality that the study has found imply the efficacy of the program. As would be 

expected of a well-managed, relatively large public endowment, the HEP’s achievements 

are thus far unparalleled in the region. An impact as large as 22 to 39 percent is markedly 

magnificent, making the HEP exemplary a public investment program on the continent. 

The HEP owes its extraordinary accomplishment to its strategic program designs.  The 

first of these designs is its primary emphasis on improved human capital for health service 

providers and shared decision-making among national government, subnational 

governments, and the communities. Secondly, the federal government offers generous 

fiscal backing while the local health boards complement this effort by identifying local 

priorities and suggesting directions on how to make the best use of available revenues to 

meet these obligations. This collaborative yet decentralized health management 

enterprise has engendered the local ownership of the project, made it sustainable, and led 

to increased utilization of basic services. Studies have shown that decentralization in 

healthcare administration under capacitated leadership motivates greater use of services 
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and promotes good health via community’s participatory role (Bossert 1998 & 2008; 

Bjorkman & Svenson 2009). 

Thirdly, the HEP’s emphasis on the healthcare needs of economically 

disadvantaged individual families and households, set the HEP on the path of achieving 

many of the MDGs by improving the health conditions of a vast majority of individuals 

who are most in need. By focusing on socioeconomic states of individual households, the 

program promotes equity in primary healthcare and guarantees comprehensive 

accessibility to essential services. Finally, the program supports maternal health and 

family planning, increasing prospects for childhood survival.  

Our results imply the emergence of good governance in the context of healthcare 

administration in Ethiopia. Good governance in healthcare management is a recipe for 

sound rewards, in part because it “promotes effective delivery of health services” and in 

part because it guards against unproductive diversions (Lewis & Pettersson 2009). An 

efficacious healthcare governance, Lewis and Pettersson advocate, ought to anchor 

performance on quality standards, incentives, information, and accountabilities, features 

the HEP reputably embodies. Indeed, the triumphant consequence of the HEP program 

sets an important stage for health policy prospects for other transitional and developing 

states. To draw from this policy, deserving nations must internalize that any productive 

health system fundamentally springs from enhanced governance and multi-pronged 

coordination and planning. They must note that peripheral policy designs, be they at the 

central government’s level, often collapse because they lack context and local buy-in to 

deliver manifested objectives. In addition, enhancing local capacity through skill trainings 

and providing other institutional and material inputs such as health facilities, medical 
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supplies and equipment, and wisdom on contextually aligning proven experiences 

elsewhere bolsters local growth for sustainable results.   

The fundamental objective of this analysis is to improve our understanding of the 

returns of a large public health spending in a context that has seen little of these kinds of 

policy propagations in the history of development. By so doing, we advance new evidence 

on how the nature of healthcare governance influences health outcomes in an Eastern 

African regional context. We then translate this new evidence into a crucial policy 

reservoir for germane contexts, especially those lacking robust health policy infrastructure 

and whose populations suffer dire health conditions. In the region, for instance, South 

Sudan and its rump neighbor, the Sudan, come to mind. These two countries may realize 

tremendous improvements in the health of their populations by borrowing the HEP’s 

provisions on increased fiscal responsibility, joint planning and accountability, incentives 

for retention, and human capital augmentation.  

While our results certainly tell a compelling story, there remains a room for 

improvement. Future analytical attempts should seek to assess the HEP’s impact at kibele 

and woreda levels. These particular administrative units are critical in that they are a 

principal source of local decisions regarding health promotion, as well as bearing many of 

the service delivery responsibilities. We propose generating the HEP’s institutional data at 

these levels. Extra efforts by the Ethiopian government or any development partner to 

invest in acquiring local levels’ data can go a long way in improving health outcomes at 

micro levels.  
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Appendices 

Appendix A: Tables 

 

Table 1: Sample characteristics, 1995-2011 

Variable Mean SD N 

Mortality (<=5)    
Countrywide 0.203 0.402  38,432  
HEP regions 0.196 0.397  23,960  
Non-HEP regions 0.213 0.409  14,472  

Residence    
Urban 10.090 --  3,877  
Rural 89.910 --  34,555  

Respondent's age 30.144 7.137  38,432  
Children ever born 4.808 2.720  38,432  
Household size 6.136 2.314  38,432  
Female education    

None 79.250 -- 30,456 
Primary 17.110 -- 6,575 
Secondary  3.100 -- 1,191 
Higher 0.550 -- 210 

Household's head sex    
Male 83.980 -- 32,277 
Female 16.020 -- 6,155 

Mother’s height 1571.728 67.079 
 

32,077 

N    38,432  
Note: Standard deviation (SD). Mortality is measured as a probability of 
dying for children 5 years and under.  
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Table 2. Mortality decomposition for children 5 and under, 1995-2011 
Variable Mean SD N 
Region 

   Tigray 0.166 0.372  4,212  
Affar 0.231 0.422  3,151  
Amhara 0.213 0.409  5,703  
Oromia 0.188 0.391  7,489  
Somali 0.196 0.397  3,137  
Ben-Gumz 0.239 0.427  3,433  
SNNP 0.211 0.408  6,556  
Gambela 0.217 0.412  2,567  
Harari 0.164 0.370  2,184  

Education    
None 0.214 0.410 30,456 
Primary 0.172 0.378 6,575 
Secondary 0.091 0.287 1,191 
Higher 0.100 0.301    210 

Residence    
Rural 0.206 0.404  34,555  
Urban 0.171 0.377    3,877  

Sex of household head  
Male 0.196 0.397 32,277 
Female 0.238 0.426  6,155 

Child's sex    
Male 0.217 0.412  19,833  
Female 0.188 0.390  18,599  

Pre-HEP 
   Controls 0.276 0.447 14,798 

Treatment 0.259 0.438    9,287 
Post-HEP 

   Controls 0.095 0.293 9,584 
Treatment 0.082 0.274 4,763 

Note: standard deviation (SD), health extension program (HEP), Southern Nations, 
Nationaliteis, and Peoples (SNNP). Mortality is measured as a probability of dying for children 
5 years and under. 
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Table 3. Mortality for children 5 and under by year, 1995-2011 
Year Mean SD N 
1995 0.353 0.478 2,222 
1996 0.318 0.466 2,510 
1997 0.316 0.465 2,663 
1998 0.331 0.471 2,577 
1999 0.296 0.457 2,647 
2000 0.176 0.381 3,034 
2001 0.237 0.426 2,299 
2002 0.206 0.404 2,067 
2003 0.231 0.422 2,028 
2004 0.221 0.415 2,038 
2005 0.157 0.364 2,600 
2006 0.086 0.280 2,038 
2007 0.083 0.275 2,191 
2008 0.086 0.281 2,299 
2009 0.069 0.253 1,935 
2010 0.068 0.251 2,053 
2011 0.050 0.219 1,231 
N 

  
38,432 

Note: Standard deviation (SD). Mortality is measured as a probability 
of dying for children 5 years and under. 
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Table 4. Empirical models (estimates are in odd ratios) 

 
Model 

Variable Infant U5M 
Treatment    
Treated 0.607*** 

(0.0745) 
0.782*** 
(0.066) 

Sex   
Female 0.784*** 

(0.067) 
0.843*** 
(0.054) 

Education (ref=no education) 
Primary  1.222** 

(0.134) 
0.997 
(0.082) 

Secondary 0.438*** 
(0.155) 

0.496** 
(0.149) 

Higher 0.815 
(0.391) 

0.567 
(0.258) 

Residence   
Urban 1.140 

(0.232) 
1.777 
(0.159) 

Treatment x residence 1.166 
(0.467) 

0.814 
(0.207) 

Sex of household head  
Female 0.960 

(0.128) 
0.812* 
(0.088) 

Household size 0.677*** 
(0.037) 

0.684*** 
(0.032) 

Number of children ever born 1.398*** 
(0.061) 

1.413*** 
(0.046) 

Respondent's age  0.989 
(0.012) 

0.957*** 
(0.008) 

Mother's height (millimeters) 0.998 
(0.001) 

0.998 
(0.001) 

Year 0.923*** 
(0.006) 

0.769*** 
(0.014) 

N 3,674 11,536 
Notes: * represents 90% confidence level; ** 95%; *** 99%; U5M under-five mortality.  
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Table 5. HEWs 5-year training and deployment intensity, 2005-2009 

 
Year 

Region 2005 2006 2007 2008 2009 Total 
Oromia  1,296   1,296   3,524   2,884   4,526   13,526  
Amhara  3,500   3,500   2,631   680   382   10,693  
SNNPR  1,494   1,500   2,666   2,650   800   9,110  
Tigray  800   840   -     -     134   1,774  
Somali  -     -     -     420   545   965  
B. Gumuz  -     -     59   120   315   494  
Afar  -     -     154   164   148   466  
Gambella  -     -     47   -     410   457  
Addis Ababa  -     -     -     -     -     -    
Harari  -     -     -     -     39   39  
Dire Dawa  -     -     33   -     79   112  
National  7,090   7,136   9,114   6,918   7,378   37,636  
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Table 6. Logistic regression models (estimates are in odd ratios scale) 

 
Model 

Variable 1 2 3 4 
Treatment (ref=untreated) 

Treated (=1) 0.553*** 
 (0.040) 

0.671*** 
(0.074) 

0.774*** 
(0.060) 

0.809*** 
(0.060) 

Sex     
Female 0.826*** 

(0.024) 
0.752*** 
(0.060) 

0.826*** 
(0.051) 

0.811*** 
(0.049) 

Education (ref=no education)   
Primary  1.163*** 

(0.053) 
1.215** 
(0.119) 

1.014 
(0.081) 

0.978 
(0.075) 

Secondary 0.533*** 
(0.070) 

0.495*** 
(0.151) 

0.520** 
(0.144) 

0.546** 
(0.148) 

Higher 0.915 
(0.233) 

0.801 
(0.341) 

0.629 
(0.257) 

0.638 
(0.260) 

Residence     
Urban 1.154 

(0.140) 
1.216 
(0.246) 

1.185 
(0.159) 

1.163 
(0.146) 

Treatment x residence 0.974 
(0.146) 

0.940 
(0.310) 

0.811 
(0.203) 

0.752 
(0.179) 

Sex of household head    
Female 0.932 

(0.044) 
0.959 
(0.118) 

0.817* 
(0.085) 

0.778** 
(0.081) 

Household size 0.673*** 
(0.013) 

0.658*** 
(0.037) 

0.674*** 
(0.030) 

0.671*** 
(0.029) 

Number of children ever 
born 

1.441*** 
(0.022) 

1.423*** 
(0.057) 

1.414*** 
(0.044) 

1.412*** 
(0.042) 

Respondent's age  0.991** 
(0.004) 

0.990 
(0.011) 

0.964*** 
(0.008) 

0.957*** 
(0.008) 

Year 0.923*** 
(0.006) 

0.877*** 
(0.014) 

0.761*** 
(0.015) 

0.840*** 
(0.015) 

N 38,432 4,582 12,603 14,347 
Notes:  
1. Model 1 is robust to regional fixed effects and estimates the effect of exposure to the HEP on mortality 
through birth cohort.  
2. Model 2 estimates the average HEP effect on infant mortality.  
3. Model 3 estimates the average HEP effect on under-five mortality.  
4. Model 4 estimates the average HEP effect on mortality among children 5 years and under.  
*p<0.90; **p<0.95; ***p<0.99; in parentheses are robust standard errors; these are robust to cluster 
identifications. Mortality is dependent variable coded 1 if death 0 otherwise.  
These models disregard the sampling selection issue (omit mother’s height to retain a much larger sample size) 
and show similar results as those reported in Table 4.  
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Appendix B: Figures  
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Fig. 1. Mortality by HEP regions, 1995-2011

Note: Fig. 1 illustrates comparative mortality for children 5 years and younger 
over the years and by whether or not a child comes from an HEP treated region 
(lowess smoothing). This disregards child’s actual exposure to the program. The 
graph shows a general secular decline in mortality.  
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Fig. 2. Pre-HEP mortality, 1995-2004

Note: Fig. 2 illustrates comparative mortality conditions for children 5 years and 
younger before the HEP was introduced (lowess smoothing). These are children 
born prior to the program. Treated children come from program regions and 
controls come from untreated regions. We use this figure to evaluate the parallel 
trend assumption. We see a similar pattern in mortality between the two groups. 
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Fig. 3. Post-HEP mortality, 2005-2011

Note: Fig. 3 illustrates comparative mortality conditions between children in 
HEP treated and untreated regions using the lowess smoothing graphing. Here 
the child’s actual exposure to the program is considered. This is the figure of 
primary interest. Although there have been differential patterns in the earlier 
periods, these narrow with in the subsequent periods when the program became 
increasingly universal.  
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Fig. 4: Mortality decline for children 5 and under, 1995-2011

Note: Fig. 4 illustrates mortality transition for children 5 years and younger over 
the years and by whether or not a child comes from an HEP treated region 
(lowess smoothing). This disregards child’s actual exposure to the program. The 
figure shows secular decline in mortality for the entire country, which suggests 
that the program accelerated, as opposed to primarily causing, survival 
improvements in the treated group.  
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Fig. 5: Time-program interaction effects 

Interaction effects
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Upper

Note: Fig. 5 shows the interaction effects between time and the program on 
mortality. We see that there was no differential mortality before and during the 
subsequent years, especially after the program was scaled up to the country 
level. However, mortality significantly declined in 2005, the year the program 
was first introduced to just a few regions. During this period, mortality declined 
by 51 percent, a statistically significant result at 95 percent confidence level.  
The bounds are also on a 95 percent level.  



 

 

170 

 
Fig. 5: Map of Ethiopia showing treatment and control regions 
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