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Comprehensive analysis of the impact of humanitarian emergencies on nutrition
and mortality is limited in Ethiopia. This is mainly due to either the lack of natio-
nally representative data or non-generalizability of subnational health surveys
in such settings. Consequently, humanitarian decisions and advocacy are often
based on anecdotal information or non-representative data with limited geogra-
phical coverage. The aims of this study are therefore to investigate the burden
of malnutrition and mortality, and to identify its causes in humanitarian settings.
Given the data challenges, we apply advanced epidemiological methods in exis-
ting population-based health surveys. The key findings are: i) the burden of child
undernutrition is declining, but are persistent and higher in moderate drought
areas; ii) the burden of child mortality falls below both the emergency and base-
line thresholds for sub-Saharan Africa; iii) the burden of women’s undernutrition
is higher near the borders. On the basis of these findings, we provide proposi-
tions to guide effective humanitarian interventions.

En Ethiopie, I'analyse approfondie de Iimpact des situations d’urgence humanitaire sur la nu-
trition et la mortalité reste limitée. Ceci est dii soit @ un manque de données représentatives au
niveau national, soit a la non généralisation d'enquétes de santé au niveau sous-national dans
un contexte de crise. Par les décisions hi itaires et p sont souvent ba-
sés sur des i ions et données non-repré: ayant une couverture géographique
limitée. Les objectifs de cette étude visent dés lors a examiner le fardeau de la malnutrition et
de la mortalité ainsi qu'a identifier ses causes lors de situations d’urgence. Etant donné les dif-
ficultés liées aux données, nous avons appliqué des mé idémic i avancées a
partir d'enquétes existantes sur la santé des populations. Les principales conclusions sont : i)
le fardeau de la malnutrition infantile est en baisse, mais persiste et est plus important dans
des zones de sécheresse modeérée; ii) le fardeau de la mortalité infantile est en dessous du seuil
d'urgence et de référence pour I'Afrique subsaharienne ; iii) le fardeau de la dénutrition chez
les femmes est plus important dans les zones frontaliéres. Sur base de ces conclusions, nous
fournissons des propositions afin de guider de maniére efficace les interventions humanitaires.
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“Without good data, we're flying blind. If you can'’t see it, you can’t solve
it.”

— — — Kofi Annan, 2018
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Summary

In the last quarter-century, considerable progress has been made in im-
proving the lives of billions around the world. In recent years, how-
ever, humanitarian emergencies are threatening these progress through
averting poverty reduction efforts, increasing the global food-insecure
people, and stagnating infant mortality reduction, among others. Hu-
manitarian emergencies, particularly recurrent droughts and violent
conflicts, are widely prevalent in Ethiopia, but comprehensive analysis
of their impact on nutrition and mortality is limited. This is largely due
to either the lack of nationally representative data or non-generalizability
of subnational health surveys in such settings. Consequently, human-
itarian decisions and advocacies are often based on anecdotal infor-
mation or non-representative data with limited geographical coverage.
Despite calls for more data, thorough investigation of existing national
and subnational population-based health surveys could provide evi-
dence to guide effective response and preparedness efforts thereby in-
creasing the return on investment of the surveys. On this basis, we ap-
ply meta-analysis and multilevel modelling in available health surveys
to investigate the burden of malnutrition and mortality, and to iden-
tify its causes in humanitarian settings in Ethiopia. Despite an overall
declining trend, the burden of child undernutrition is persistent and
higher in moderate drought-affected areas. However, the burden of
child mortality falls below both the emergency and baseline thresholds
of sub-Saharan Africa. We also found an elevated burden of women’s
undernutrition among border residents. Nutrition interventions should
incorporate areas where moderate droughts occur. Targeting the border
communities through improved sanitation and household economies
are essential to enhance their livelihoods and eventually women’s nu-
tritional status. The study also highlights the need to review and up-
date the existing mortality thresholds. Albeit we found no association
between conflict and child undernutrition, and between drought and
child mortality, the mitigation efforts should not downplay the adverse
health effects of these events.






Chapter 1

Public Health in Humanitarian
Emergencies: An Overview

In this chapter, first we define humanitarian emergencies and intro-
duce its human cost. Second, we discuss the conceptual frameworks
in which the study is based upon. Third, we review the challenges
and prospects in obtaining reliable data to help improve humanitarian
decision-making. Finally, we provide a detailed outline of the aims of
the study together with the thesis outline.



1.1 What are Humanitarian Emergencies?

According to the United Nations (UN) Inter-Agency Standing Commit-
tee (IASC) definition, a complex emergency is a humanitarian crisis
which occurs in a country, region, or society where there is a total or
considerable breakdown of authority resulting from internal or exter-
nal conflicts and which requires an international response that goes
beyond the mandate or capacity of any single agency and hence re-
quires intensive and extensive political and management coordination
[1]. Similarly, the World Health Organization (WHO) defines complex
emergencies as "situations of disrupted livelihoods and threats to life
produced by warfare, civil disturbance and large-scale movements of
people, in which any emergency response has to be conducted in a dif-

ficult political and security environment" [2].

In general, humanitarian emergencies arise when events, such as
armed conflicts, natural disasters, and epidemics, produce a critical
threat to the health, safety, security or well-being of people. They usu-
ally characterized by violence and loss of life, displacements of popu-
lations, widespread damage to the societies and economies, failure of
the state to mitigate the threats, need for large-scale urgent life-saving
humanitarian assistance, and security risk for humanitarian workers
[1, 2]. Their impact is heavy among vulnerable groups, including chil-
dren, pregnant and nursing women, migrants and displaced people.
In this thesis, we consider humanitarian emergencies arising from vio-
lent conflicts and natural disasters (particularly, droughts) which cause
food insecurity, induce displacement and threaten livelihoods thereby
exacerbating malnutrition and mortality.

1.2 The Cost of Humanitarian Emergencies:
The Global Context

Over the last quarter-century, notable progress has been made in im-
proving the lives of billions of people around the world, particularly in
low- and middle-income countries. Accordingly, extreme poverty [3],
undernourishment [4], child stunting [5], child mortality [6] and ma-
ternal mortality [7] have reduced substantially; and life expectancy has



increased [3]. The progress was mainly driven by the unprecedented
efforts through different initiatives, such as the Millennium Develop-
ment Goals (MDGs), supported by consistent funding for health.

Nonetheless, in recent years, humanitarian emergencies are threat-
ening the advancement made so far. Despite a considerable success in
eradicating hunger, for example, the global food-insecure people have
been on the rise since 2014. The ongoing and chronic conflicts (e.g.,
Afghanistan, the Democratic Republic of the Congo (DRC), and Soma-
lia) and newly emerged ones (e.g., Syria, South Sudan, and Yemen)
compounded with natural disasters (particularly, prolonged droughts
and severe floods) contributed to this deterioration [4, 8]. In 2016,
about 60% of the global food-insecure people and 75% of the global
stunted children lived in conflict-affected countries [4, 5]. In Africa,
for example, among fourteen countries in protracted crisis situations
in 2016, eleven were in a state of food insecurity [4]; and the conti-
nent bears over 80% of the global climate-induced acute food-insecure
people in 2017 [8]. Indeed, none of the countries in protracted crisis
and fragility situations achieved the MDG target of reducing hunger
by half [9] and they will face a huge setback in achieving the Sustain-
able Development Goals (SDGs) as well. Furthermore, the MDG target
of a two-thirds reduction in child mortality was not met according to
schedule; it would take additional 10 or more years if the current trend
continues [10]. This requires additional urgency to accelerate the pace
of improving child survival; otherwise, 69 million children will die be-
fore celebrating their fifth birthdays during the SDG period, 2015-30
[10]. In this regard, the majority of child mortality occurs in human-
itarian settings: 53% of all under-five deaths and 45% of all neonatal
deaths [11]. Overall, the chance of dying for children in fragile settings
is twice that of children in stable situations [6].

Hence, the health needs of people in humanitarian settings require
more attention than ever before as humanitarian crises are likely to con-
tinue in the future [4, 12, 13]. Acknowledging this fact, the 2030 SDGs
agenda, unlike its predecessor MDGs, gives more emphasis to the needs
of the most vulnerable groups, including those affected by natural dis-
asters, conflicts, climate change and forced displacement. Some of the



targets include SDG 1 target 1.5 "build the resilience of the poor and
those in vulnerable situations and reduce their exposure and vulnerability
to climate-related extreme events and other economic, social, and environ-
mental shocks and disasters" and SDG 16 target 16.1 "significantly reduce
all forms of violence and related death rates everywhere" [14].

1.2.1 The human impact of natural disasters

Natural disasters are situations or events which cause great damage
and destruction to the environment, induce human suffering and over-
whelm the local capacity thereby necessitating a request for national or
international assistance. They are broadly classified into three groups:
biological disasters (e.g., epidemics and insect infestation), geophys-
ical disasters (e.g., earthquakes and volcanic activities), and climate-
related disasters — hydrological (e.g., floods and landslides), meteo-
rological (e.g., storms and extreme temperatures) and climatological
(e.g., droughts and wildfires) disasters [15-17]. They can also be clas-
sified as either rapid-onset disasters, such as earthquakes and floods,
or slow-onset disasters, such as droughts. Their impact is heavy in
low- and middle-income countries, where resources, infrastructures,
and disaster-preparedness plans are restraints [16, 18].

Natural disasters can affect human health in different ways, be it
through directly or indirectly. In the former case it increases injuries
and deaths, damages the physical health infrastructures, overloads the
health systems and stresses the health care providers; while in the latter
case it disrupts the regular living conditions, affects crop and livestock
productions, coerces people to flee their residence, and destructs ser-
vices, including water supply, electricity, and transportation [19]. Dis-
ease outbreaks are evident in the aftermath of natural disasters, mainly
due to population displacement that often results in poor access to safe
water and sanitation, and inadequate shelter and healthcare services.
The impact of natural disasters stays for long, both in the physical, bio-
logical and social environments, and in the lives and well-being of the
affected populations [18, 19].

According to the International Disaster Database (EM-DAT; [17]),
between 1990 and 2015, a total of 9,689 natural disasters hit the world.



Every year, on average, about 201 million people were affected, about
quarter of a million were injured, and about 70,000 were killed. The
Food and Agriculture Organization of the United Nations (FAO) esti-
mate shows that, between 2005 and 2014, natural disasters caused
about 23% of damages and losses to the agricultural sector in devel-
oping countries, which corresponds to 93 billion United States Dol-
lars (USD) [20]. The number of disasters has shown a sharp increase
between the mid-1990s and early 2000s and then rose once again in
mid-2000s, before starting to decline slowly (Figure 1.1). Similarly,
population affected by disasters was the highest in the mid-1990s, and
showed an additional peak at the end of 2000s following the 2008 cy-
clone Nargis and the 2010 Haiti earthquake [16]. Thereafter, the trend
showed a sharp decline. On the other hand, disaster-induced deaths
were the highest in the mid-2000s following the Indian Ocean Tsunami
[16] and then started declining (Figure 1.1).

Droughts, following floods, are the second top-ranked natural dis-
asters in terms of population impact. Over the period 1990-2015, a
total of 417 droughts occurred worldwide and affected about 49.8 mil-
lion people per year, on average. The drought effect peaked in the
early 2000s (Figure 1.1) mainly due to the 2001-03 droughts in South-
ern and Southeastern Africa [21], and the 2002 Indian drougt which
affected 300 million people [16]. Then it declined sharply until the
mid-2000s and then started increasing slowly and steadily (Figure 1.1).
Africa suffered more frequent droughts than any other continents: 167
droughts (40% of all drought events globally) hit the continent and af-
fected more than 11 million each year, on average. Consequently, the
continent lost up to 20% of its agricultural production (amounted to
more than 17 billion USD) between 2005 and 2014 [20]. The drought
toll was the strongest in Eastern Africa, where 90 droughts occurred
(over 50% of all droughts in Africa) and affected about 7.5 million
people every year (nearly 68% of all drought victims in Africa). Fol-
lowing the devastating impact of El Nifio weather events in 2015-16,
particularly in Eastern and Southern Africa, Central America, and the
Caribbean, the trend of drought victims is expected to rise [8, 22].



600

300

No. of disasters 2 F
= Disaster-affected population (smoothed)
= Disaster-induced deaths (smoothed)

B Drought-affected population (smoothed)

80

500
680

50

60
1
41

\/\

40

Drought=affected population (in millions)

No. of disasters
300

40

Disaster-induced deaths (in thousands)

200
20

20

100
10

oooooooooooooooooooooooooo
oooooooooooooooooooooooooo
mmmmmmmmmmmmmmmmmmmmmmmmmm

FIGURE 1.1: Levels and trends of natural disas-
ters, population affected and died in the world,
1990-2015. The disaster data was obtained from the
EM-DAT (http://www.emdat.be/; [17]). To be recorded
in EM-DAT, a disaster event must meet at least one of the
following four criteria: 7) ten or more people reported
killed; i7) 100 or more people reported affected; iii) dec-
laration of a state of emergency; iv) call for international
assistance. In EM-DAT, total deaths include persons con-
firmed as dead and persons missing and presumed dead,
excluding indirect deaths from diseases, epidemics and
other effects which occur after the emergency phase of
the disaster. Total affected include people suffering phys-
ical injuries, trauma or an illness that requires medical
treatment as a direct result of a disaster; people requir-
ing immediate assistance during a period of emergency,
including displaced or evacuated people; and homeless
people needing immediate assistance for shelter. For bet-
ter visibility of the trends, we smoothed the data using
local regression methods.

1.2.2 The human impact of conflicts

Conflict and political instability damages livelihood, robes human dig-
nity, devastates the economy, destroys infrastructure, compromises the
overall development and drags individuals and nations into deep poverty
[15, 23, 24]. According to the 2011 world development report, more
than 1.5 billion people (about 21% of the world population) have lived
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in countries affected by repeated cycles of conflicts [24]. Indeed, con-
flict and instability are widely prevalent in resource-poor settings [25].
Poor governance and underdevelopment are the underlying causes, but
also the consequences of conflict. In addition, climate change, land
degradation, and water scarcity intensify conflicts [23-25].

Conflict contributes to public health crises directly by creating ex-
cess injury and mortality, and indirectly by sustaining poverty, affect-
ing food security, triggering population displacement, and destroying
health and social services [26]. For example, more than 80% of ex-
cess deaths in the Darfur conflict between 2003 and 2008 were due
to conflict-aggravated diseases, such as diarrhea; and displaced pop-
ulations were at higher risk for these conditions [27]. Had the crisis
not happened, life expectancy in Syria, between 1990 and 2013, would
have been 6 and 5 years higher than the observed for men and female,
respectively [12]. Furthermore, the Syrian crisis averted the infant
mortality reduction efforts; the annualized rate of reduction in infant
mortality dropped below zero between 2010 and 2013 compared to
what it has been before 2010 [12]. Conflict severely hampers poverty
reduction efforts as well; for every three years a country affected by
a major violent conflict, poverty reduction lags behind by 2.7% [24].
Similarly, in 2010-12, nearly 40% of the population in countries going
through protracted crises were food-insecure compared to only 15% in
the rest of the developing world [28]. Overall, achieving most of the
MDGs was jeopardized in conflict-affected countries [24].

The impact of conflict is more pronounced among vulnerable groups,
including children, pregnant women, disabled persons and the elderly.
For instance, children born in regions affected by civil conflict in Rwanda
showed a higher level of chronic malnutrition [29]. Likewise, among
civilians who died in the Syrian crisis, on average, one in five were chil-
dren [30]. Overall, more than half of the countries with the highest
under-five mortality rates (USMR) in the world are those affected by
conflict or in fragile situations [31].

Over the last 26 years, 1990-2015, a total of 125,901 organized
violence (phenomena of lethal violence occurring at a given time and



place) data were recorded in the Uppsala Conflict Data Program (UCDP)
Georeferenced Events Dataset (GED) [32, 33]. Despite a sporadic in-

crease in the number of organized violence events in the world, violence-
related deaths have been stable at the lower level after the huge peak

during the 1994 Rwanda genocide and the slight rise during the 1998-

2000 Eritrea-Ethiopia war (Figure 1.2). The decline in violence-related

deaths is mainly due to the success in reducing intense conflicts, such

as interstate wars and civil wars [24], mostly in Africa [23]. However,

since 2013, conflict-induced death toll has started rising (Figure 1.2)

as a result of the deadly unrests in the eastern Mediterranean region

following the revolutions, ’Arab uprising’, government changes (Egypt,

Libya, Tunisia, and Yemen), civil wars (Syria and Yemen), persistent

civil disturbances (Afghanistan, Iraq, Palestine, and Somalia), the rise

of Islamic State [12] and the South Sudan civil war.

Forced displacement has been rocketing in the recent years as well
(Figure 1.2), highlighting the continued vulnerability. According to the
United Nations High Commissioner for Refugees (UNHCR), the year
2015 registered a record-high forced displacement figure. The number
of individuals uprooted from their homes because of violent conflicts
and human rights violations reached 65.3 million worldwide; half of
them (51%) were children under 18 years of age. As a result, in 2015,
one in every 113 people in the world was either refugee, internally
displaced, or asylum seeker [13]. Although developing countries are
the main contributors to a large number of displaced populations in the
world, they also host large share of them. Accordingly, more than 86%
of the displaced people are hosted in developing countries [13], where
the countries themselves are struggling with their own development
and governance challenges.
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FIGURE 1.2: Levels and trends of conflicts, conflict-
induced deaths and forced displacement in the world,
1990-2015. Conflict event data was obtained from the
UCDP GED. The UCDP GED covers individual events of
organized violence at global level. In the UCDP GED
dataset, event is defined as "an incident where armed
force was by an organized actor against another orga-
nized actor, or against civilians, resulting in at least 1 di-
rect death at a specific location and a specific date" [32,
33]. Data on forced displacement was extracted from
the UNHCR reports (http://popstats.unhcr.org/en/
overview). Displaced people include refugees, asylum
seekers, and internally displaced persons (IDPs). For bet-
ter visibility of the trends, we smoothed the data using
local regression methods.

1.3 The Cost of Humanitarian Emergencies:

The Ethiopian Context

1.3.1 The human impact of droughts in Ethiopia

Owing to its diverse geo-climatic conditions, Ethiopia is vulnerable to a
wide range of hazards, particularly droughts and floods. Consequently,
the country has been experiencing recurrent food shortages across time
and space, and has been portrayed as a drought-stricken country. The
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most prominent drought was the 1984-85 famine, which attracted
worldwide attention following media coverage, and it prompted un-
precedented humanitarian interventions. The famine severly affected
the over-cultivated and densely populated highlands in the north of the
country, including Tigray, Wollo, northern Shoa, and Eritrea (the then
Ethiopian territory). It was worsened by the ongoing civil war and en-
gendered more than 9 million people (~23% of the total population) to
suffer from severe food shortage, contributed to disease spread (espe-
cially measles and diarrhea-related diseases), and killed about a million
people and hundreds of thousands of livestock [34-36]. Twenty years
later, its long-term effects are still evident; those who experienced the
shock as infants during the crisis become shorter in adulthood, less
likely to have completed their primary schools, more likely to have ex-
perienced sickness, and will face about 5% income loss per year over
their lifetime [37]. Furthermore, famines in the country contributed to
the downfall of the previous regimes; the 1973-74 famine led to the
removal of the Emperor regime, whereas the 1984-85 famine acceler-
ated the collapse of the Derg regime [38].

Despite different efforts to mitigate the impact of droughts, rang-
ing from policy formulation to grassroots levels of implementation, in
recent years, drought frequency and its impact have been increasing
in Ethiopia. Drought occurrence interval has shortened rapidly, occur-
ring annually in some parts of the country. Apart from the crop growing
highlands, intense droughts are apparent in the arid and semi-arid low-
lands of Afar, Somali, and parts of Oromia and the Southern Nations,
Nationalities and Peoples’ (SNNP) regions [39]. This is driven mainly
by the rapid population growth, land degradation, climate change,
rainfall variability, and low crop and livestock productivity [34, 40,
41]. The trend of drought-affected population was peaked in the early
2000s, where more than 13 million people were affected. Thereafter,
it declined sharply until it started increasing as of 2011 (Figure 1.3)
following the 2010-11 droughts in Eastern Africa [21]. The drought
effects are likely to continue increasing as a result of the heavy toll of
El Nifio weather events which started in late-2015 (Figure 1.3, [8]).
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FIGURE 1.3: Levels and trends of drought-affected
population and conflict-induced deaths in Ethiopia,
1990-2015. The conflict data was obtained from
the UCDP GED [32, 33]. Data on drought-affected
population was obtained from the EM-DAT (http:
//www.emdat.be/; [17]), Desinventar (http://www.
desinventar.net/) and the Disaster Risk Management
and Food Security Sector (DRMFSS) of Ethiopia (http:
//www .dppc.gov.et/). If two or more of the databases
were reporting different number of affected population,
the average was taken. For better visibility of the trends,
we smoothed the data using local regression methods.

1.3.2 The human impact of conflicts in Ethiopia

For decades, Ethiopia has been marred by a string of intra- and inter-
state violent conflicts and protests. During its 17-year in power (1974—
1991), the military regime Derg, has killed an estimated 100,000 ad-
versaries, including students and intellectuals, and additional thou-
sands of civilians [42]. Internal clashes remain widely prevalent and
are responsible for displacement and death of thousands of civilians.
Examples include conflicts arising due to boundary making between
regions (e.g., Oromia versus Somali, Oromia versus SNNP, and Afar
versus Somali); intra-regional conflicts among different ethnic groups,
such as conflicts between clans within Somali region (e.g., Ogaden ver-
sus Mejerti, and Darod versus Dir), conflicts among multi-ethnic SNNP
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region (e.g., Surma versus Dizi, and Burji versus Koore) and in Gam-
bella region (e.g., Anuak versus Dinka, and Nuer versus Anuak) [43,
44]. As of July 2015, for example, inter-communal and cross-border
violent conflicts displaced more than 413,400 people within Ethiopia
[45]. In addition to that, conflict on the border between Oromia and
Somali regions has left around one million people displaced internally
(nearly 700,000 in 2017 alone) [46].

In recent years, protests are becoming more frequent. A notable
example is the wave of protests, which began in late-2015 in Oromia
region sparked by the government plan to expand the capital, Addis
Ababa, into the neighboring Oromia region. The protest then spread
to Amhara and other regions of the country. The failure of the gov-
ernment to handle the grievances and the brutal response of security
forces on protesters escalated the tension. The protest becomes vio-
lent and affected a large part of the country; lives were lost, security
and stability threatened, public and private properties damaged, and
finally provoked the declaration of a 10-month long state of emergency
in October 2016 [47]. After a relative calmness, the anti-government
protests and violence flared up again and forced the government to
impose a state of emergency for the second time in February 2018.
Moreover, disputes over elections sometimes go bad; for example, fol-
lowing the 2005 general election results, violent protests erupted and
crackdowns by security forces led to the death of about 200 people and
imprisonment of more than 30,000, including opposition leaders, oppo-
sition supporters and students [48, 49]. Overall, internal conflicts and
protests are becoming more prevalent and claiming thousands of lives,
displacing hundreds of thousands, destroying properties and deepen-
ing insecurity.

Conflicts between the government and armed insurgencies, includ-
ing the Ogaden National Liberation Front (ONLF), the Oromo Liber-
ation Front (OLF), the Islamic Court Union (ICU) from Somalia, and
adversaries supported by the Eritrean government, are also frequent
and deadly [43, 44, 48]. In 2007, for example, ONLF, the ICU ally,
attacked a Chinese oil exploration site in Somali region and killed 74

civilians, including 9 Chinese. Somalia militias who are trained and
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armed by Eritrea, Islamist militias, and foreign jihadist insurgents have
been causing violence against civilians in Ethiopia [48]. In addition
to that, the 1998-2000 war between Ethiopia and Eritrea, which was
erupted over border disputes and economic issues, aggravated malnu-
trition, displaced over 10,000 people and claimed more than 100,000
lives, apart from its huge impact on development and social invest-
ments [42, 50].

SOMALIA

0 125 250 500

‘:] Neighbouring countries Kilometers

D Regions of Ethiopia Projection: WGS84
Source: UCDP GED, 2015; GAUL, 2015
\:| Zones of Ethiopia

Number of organized violence
e 0-6
@ 7-19
@ 220-3
' 37-78

. 79 - 260

FIGURE 1.4: Number of organized violence by regions

and zones in Ethiopia, 1990-2015. The conflict data

was obtained from the UCDP GED. Organized violence is

defined as a phenomena of lethal violence occurring at a
given time and place [32, 33].



14

Overall, according to the UCDP data [32, 33], Ethiopia has experi-
enced 1592 organized violence between 1990 and 2015. The peaks of
conflict-induced deaths were during the early-1990s war to overthrow
the Derg regime and the 1998-2000 Eritrea-Ethiopia war (Figure 1.3;
Figure 1.4). Then after, conflict-induced deaths declined sharply and
stabilized at the lower rate (Figure 1.3). Zones in Somali region ex-
perienced many organized violence as a result of persistent conflicts
among the different clans and cross-border conflicts with neighboring
regions and countries. Similarly, some zones in Gambella and Oromia
regions had heightened conflicts over the period (Figure 1.4).

1.4 Conceptualizing the Causes of Malnutri-

tion in Humanitarian Emergencies

The causes of malnutrition are interlinked in a complex and subtle
way. Understanding this complex pathways is essential to improve nu-
tritional status thereby reducing its short-term as well as intergenera-
tional consequences. In the 1990s, the United Nations Children’s Fund
(UNICEF) developed a conceptual framework in order to understand
the scale and depth of the problem and the pathways through which
different factors affect the nutritional status of women and children
[51]. Later, different researchers and agencies adopted the UNICEF
framework to assess malnutrition causes in humanitarian settings (e.g.,
[52-54]). Accordingly, the causes of malnutrition are divided into three
main groups: immediate, underlying and basic causes (Figure 1.5).

1.4.1 Immediate causes

The immediate causes of malnutrition have two dimensions: inade-
quate food intake and diseases (Figure 1.5), both operate at an indi-
vidual level. Inadequate food intake, such as insufficient and infre-
quent food, poor diet diversity, and low-calorie- and nutrient-foods,
contributes to malnutrition. In addition, common diseases in emer-
gency settings, including measles, diarrhea, acute respiratory infec-
tions, malaria and intestinal worms, aggravate malnutrition through
appetite loss, weakening nutrient absorption capacity of the body;, alter-
ing the metabolic activity, and causing the body lose nutrients through
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vomiting or diarrhea. Overall, malnutrition increases susceptibility to

diseases and conversely diseases worsen malnutrition [51, 53, 55].

1.4.2 Underlying causes

The underlying causes of malnutrition, the main reasons for poor di-
etary intake and diseases, are numerous and usually interrelated. They
operate at household and community levels and are classified into three
main teams: insufficient access to food, poor health services and un-
healthy environments, and inadequate maternal and child care prac-
tices (Figure 1.5).

Physical inaccessibility and socioeconomic difficulties to access ad-
equate food together with inadequate food utilization put households
in a state of food insecurity [57]. Food insecurity leads to a subop-
timal food intake, hunger, and sometimes famine thereby impacting
nutritional status and the overall physical and mental well-being. To
ensure good nutrition, it is mandatory to address the food security di-
mensions: availability, accessibility, utilization and stability of food [9,
57]. Efficient use of agricultural knowledge and technologies, adequate
agricultural inputs, improved livestock productivity, better policies and
practices, employment opportunities, economic growth, education and
training, and infrastructure developments are among the factors to en-
hance the food security dimensions [9]. Transitory and chronic food
insecurity are widespread in parts of the rural Ethiopia [58, 59]. Recur-
rent droughts, land degradation, rapid population growth, fragmented
land holdings, and limited off-farm employment opportunities are among
the reasons cited for recurrent food shortage in the country [34, 40].
Sometimes, even under ideal weather conditions, seasonal hunger and
malnutrition are apparent, showing that drivers are manifold and com-
plex. Consequently, every year, a significant portion of Ethiopians are
dependent on relief food assistance [36, 60]. On top of that, violent
conflicts, when they occur, disrupt food stocks which induce food price
inflation and force households to reduce meal frequencies or switch to
cheaper, less desirable and poor nutritious foods [52]. To sum up, food
insecurity at the household level directly affects individual’s food intake

and contributes to poor nutritional status.
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Access to health services and a healthy environment contributes to
optimum nutritional status. A healthy environment, including adequate
water and sanitation, proper shelter and clothing, hygienic handling of
food together with affordable and quality health services, are essential
to good health [53, 56]. Shortage of health centers and medical staffs,
poor supply of drugs and medical supplies, unaffordable user fees,
poor health-seeking behavior, and insufficient attention to preventive
healthcare and nutrition hinder access to appropriate and timely health
services in developing countries [56]. Nonetheless, during humani-
tarian emergencies, it is challenging to deliver quality health services
and healthy environment as crises often disrupt the routine health ser-
vice provisions, induce shortage of medical supplies, force health care
providers flee their posts, damage or destroy health infrastructures, de-
teriorate the health environment, destruct water and sanitation, and

encourage the spread of infectious diseases [26, 52].

Even though adequate dietary intake and control of diseases are
prerequisites to reduce malnutrition and mortality, they will not make
significant impact without proper maternal and child care practices.
Provision of care according to the cultural and societal context is im-
portant to meet the physical, mental, and social needs of children and
mothers. Appropriate care for women, including adequate rest time,
psychosocial support, hygiene practices, food preparation and storage
practices, breastfeeding and child feeding practices, and appropriate
health-related behaviors, are crucial for good nutrition and health [51,
53, 61]. Humanitarian emergencies compromise the care provision
through disrupting the society, breaking-up the community, and weak-
ening the social support structure; reducing the psychosocial care, time
and resource allocated to the child as caregivers spend most of their
time searching for income, water, and food; creating stress, fear, and
anxiety among caregivers and children; disturbing food preparation
practices and causing food contamination as a result of poor water
supply and sanitation; inducing resource and material shortages; in-
troducing untargeted distribution of relief food and milk products that
affects safe and appropriate feeding practices [51-53, 61]. Further-
more, conflict increases violence against women in the form of rape or
domestic violence [62]; this, in turn, has an intergenerational effect on
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the victims through increasing the risk of premature and stillbirths, and
malnutrition [63], among others.

Poverty and limited access to resources are interlinked to all the
underlying determinants. For example, access to food becomes difficult
as the families cannot produce or have money to buy any. Maternal
and child care is affected as men often absent from home to search for
jobs leaving the women to bring up children alone. Women often have
less access to income, land and other resources which constraints their
decision-making power in the household. It also contributes to lack
of sympathy among families and leads to quarrels and child abuses.
Healthcare utilization is jeopardized, especially when the healthcare
fee is on an out-of-pocket basis [51, 56], as the case in Ethiopia.

1.4.3 Basic causes

The basic causes of malnutrition reflect a wide range of factors oper-
ating at the subnational, national and international levels; and they
trigger the underlying causes. These include human and physical re-
source availability; social, economic and political context; and ideo-
logical factors (Figure 1.5). Inefficient use of technologies, excessive
reliance on external economies or food imports, and unfair distribu-
tion of assets, such as land ownership, affects the underlying causes
of malnutrition. Prevailing ideological factors, such as religion, culture
and traditional beliefs, may also contribute to malnutrition through af-
fecting health service utilization, food production and feeding habits;
keeping women in subordinate position in the society; and legitimizing
power imbalance within and among households. Moreover, the demo-
cratic level of a country; changes in political and policy dimensions,
including price and subsidization policy or redistribution policies; the
legal systems and the role, transparency and power levels of national
institutions sometimes create tensions within and between countries
which lead to civil disorder, war, and their brutal consequences [51,
56]. For these reasons, long-term and holistic development strategies
are vital to address the basic causes.
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As a recap, humanitarian crises, when they happen, destroy liveli-
hoods and food crops, disturb food demand and supply, hamper mater-
nal and child care practices, obstruct healthcare provision, contribute
to micronutrient deficiencies, and increase the risk of morbidity and
mortality. Furthermore, they trigger mass displacement and therefore
overcrowding of people in an inadequate shelter, poor hygiene, and
insufficient water supply encourages the spread of infectious diseases;
this, in turn, alongside poor security and stress, creates public health
crises. All these aggravate child and maternal malnutrition, and most
importantly, the damage suffered in early life inevitably affect future
generations (Figure 1.5).

1.5 Framework of Drought as a Risk Factor
for Excess Morbidity and Mortality
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The pathway through which drought increases morbidity and mor-
tality is indirect and complex (Figure 1.6). Drought affects food and
water security, reduces food consumption, diminishes dietary diversity,
damages livelihood and leads to population displacement thereby con-
tributing to poor health and elevated mortality. Its severity depends
on the socioeconomic conditions, infrastructure development, stability
and the general environment which directly influence the resilience ca-
pacity of the population [64-66].

1.6 Data for Effective Humanitarian Decision-

Making: Challenges and Prospects

Reliable and timely epidemiological data are central to build a strong
evidence-base for appropriate response and preparedness efforts during
humanitarian emergencies. They are also pivotal for effective advocacy
and for tracking accountability [15, 67]. However, the breakdown of
the existing health information systems, mass population movements,
and insecurity during humanitarian crises makes reliable data acqui-
sition process extremely difficult [15, 68]. The public health surveil-
lance systems (a continuous, systematic collection, analysis and inter-
pretation of health-related data) which are often weak in many low-
income countries [69] becomes nonfunctional during crises. For exam-
ple, until recently, countries engaged in instability and war, including
Ethiopia, had no functional and effective health surveillance systems to
generate relevant public health data. Moreover, Civil Registration and
Vital Statistics (CRVS) systems, an important source of data on vital
events, such as births and deaths, are either nonexistent or incomplete
(they register only selected events or are plagued with poor quality)
in most low- and middle-income countries, especially in sub-Saharan
Africa [70].

The national data sources, including the Demographic and Health
Surveys (DHS), the Multiple Indicator Cluster Surveys (MICS) and the
population censuses, often exclude crisis-affected populations due to
inaccessibility. For example, the 2011 Ethiopian DHS [71] and the
2007 Ethiopian population and housing censuses [72] excluded some
of the enumeration areas because of droughts and security concerns.
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Nonetheless, national surveys are mainly conducted once in 5 years
(e.g., DHS surveys) or 10 years (e.g., population censuses) meaning
that they are either outdated or most often does not match the needs.
As the evolution of humanitarian crises is dynamic and rapidly chang-
ing, timely information is crucial to guide effective response. In ad-
dition, lack of baseline information for comparing the health situation
before and after the humanitarian crises hamper the credibility of as-
sessment results in emergency settings [15].

To circumvent the challenges of data acquisition for humanitarian
decision-making, operational data (typically small-scale or subnational
surveys, these terms are used interchangeably throughout the thesis)
conducted in crisis-affected areas by humanitarian agencies have proved
to be a useful source of information [68, 73]. However, beyond their
limited use for operational purposes at their respective agencies, these
surveys are rarely used as an alternative to guide policies and programs
at national or subnational levels. This is mainly because the surveys are
either not made available to the general public or needs advanced and
innovative methods of data analysis. Similarly, the existing national
population-based household surveys, such as the DHS, could still pro-
vide important insights into identifying vulnerable population groups
and hotspot areas (areas in emergency situations), but they are under-
used.

1.7 Aims of the Study

Ethiopia has been confronted with humanitarian emergencies, predom-
inantly recurrent droughts and political instability. About 11% of the
total population are exposed to droughts [39] and inter-communal
and cross-border violent conflicts are widely prevalent [43-46]. These
events trigger food shortages and diseases, and therefore contribute to
malnutrition and mortality. Nonetheless, comprehensive analysis of the
impact of humanitarian emergencies on nutrition and mortality are lim-
ited in Ethiopia. This is mainly due to either the lack of nationally rep-
resentative data in crisis-affected populations or the inaccessibility and
non-generalizability of subnational health surveys conducted in such
populations. Consequently, humanitarian decisions and advocacies are
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often based on anecdotal information or non-representative survey re-
sults with limited geographical coverage. Recognizing these data chal-
lenges, initiatives, such as the Complex Emergency Database (CE-DAT)
at the Center for Research on the Epidemiology of Disasters (CRED),
compiles small-scale operational health surveys from humanitarian or-
ganizations and make them available for researchers and policymakers.
This study, therefore, uses data from the CE-DAT in combination with
publicly available data of drought exposure, food insecurity and con-
flict events to provide evidence to support malnutrition and mortality
reduction efforts in humanitarian settings.

Despite the internal political and development challenges and prone-
ness to recurrent droughts, Ethiopia is the leading refugee-hosting coun-
try in Africa (hosted about 800,000 refugees in 2015). The majority of
refugees are from Somalia, South Sudan, Eritrea and Sudan who are
fleeing civil war, human rights’ violations and droughts in their coun-
tries [13]. For example, Gambela region, a region bordering South
Sudan, hosted more than 280,000 mainly South Sudanese refugees in
2015 [13] and the region itself had a population of about 410,000 in
that year [74]. Similarly, more than 250,000 Somalia refugees were
hosted largely in camps located in the Somali region of Ethiopia [13].
Sometimes conflict between the local population and refugees occur
as the locals blame the refugees for land grabbing, cattle stealing and
environmental degradation, and they also feel that they enjoy better
access to food, water, healthcare and education through humanitar-
ian assistance [75]. Cross-border raids are also apparent in some of
these refugee hosting border zones; for example, in April 2016, South
Sudanese raiders crossed Ethiopian border and attacked 13 villages in
Gambela region, stole more than 2000 cattle, abducted 125 children
and killed more than 208 civilians [76]. Due to the recurrent droughts
in Eastern Africa, the pastoral nomadic people cross the borders to find
fresh pastures for grazing; this sometimes causes violent conflicts with
the rival groups. Furthermore, inter-ethnic clashes and border-related
disputes are getting rampant and increasing the number of Internally
Displaced Persons (IDPs) within Ethiopia [43—-46]. Although a detailed
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assessment of health issues in such situations is crucial to identify vul-
nerable groups and determinants of poor health, the public health im-
pacts of living near the borders are not well assessed in Ethiopia and
elsewhere in the region. Against this backdrop, this thesis makes a de-
tailed analysis of nationally representative household survey data, the
Ethiopian Demographic and Health Surveys (EDHS), to fill the evidence
gap for appropriate interventions.

Overall, this research project aimed to maximize the decision-making
potential of national and subnational health surveys in humanitarian
settings through the application of meta-analysis and multilevel model-
ing in a Bayesian framework. The findings provide evidence on the bur-
den of malnutrition and mortality, and help evaluate the impact of dif-
ferent resilience measures in improving public health in humanitarian
situations in Ethiopia. Furthermore, it provides useful baseline infor-
mation for tracking the progress of health-related SDGs in humanitar-
ian settings, particularly SDG target 2.2 "end all forms of malnutrition"
and SDG target 3.2 "end preventable deaths of newborns and children un-
der 5 years of age" [14], since the dearth of reliable empirical evidence
is cited as one of the possible impediments to effectively measure its
progress [77, 78]. The results could also be used as a prior information
(in a Bayesian term) for designing future nutrition and mortality sur-
veys in crisis-affected populations.

Overall, this thesis has the following specific objectives:

1. To quantify the burden of child undernutrition and investi-
gate its association with droughts and conflicts in Ethiopia.
This objective is addressed in Chapter 3 (Are droughts bigger
drivers of child undernutrition than conflicts in Ethiopia? Test-
ing the power of small-scale surveys). To achieve this objective,
we extracted 231 small-scale operational surveys from the CE-
DAT repository and merged them spatially and temporally with
drought exposure and conflict events data from publically avail-
able sources. Then we estimated the pooled prevalence of wast-
ing among 6-59-month-old children in crisis-affected areas; and
examined the association between drought, conflict and child un-
dernutrition, adjusting for region and survey years. We used
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random-effects meta-analysis and meta-regression in a Bayesian

framework for data synthesis.

. To quantify the burden of child mortality and examine the

drought-mortality link in Ethiopia. We addressed this objec-
tive in Chapter 4 (Droughts and child mortality in Ethiopia: Can
small-scale surveys tell us more about the mitigation efforts?).
For this objective, we extracted 88 small-scale operational sur-
veys from CE-DAT and merged them across space and time with
drought exposure and food security data from publically avail-
able sources; and conducted random-effects meta-analysis and
meta-regression in a Bayesian framework. We then estimated the
pooled Under-five Death Rate (USDR) in crisis-affected areas; and
investigated the drought-mortality link, adjusting for contextual
factors (food insecurity, vaccination coverage and acute malnutri-
tion).

. To estimate the burden of women’s malnutrition and identify

its risk factors in crisis-prone border zones in Ethiopia. Chap-
ter 5 (Do border residents suffer more from malnutrition? Scruti-
nizing nationally representative large-scale survey data) extends
the analysis to consider the nutritional status of women living
in close proximity to international borders, where the communi-
ties are prone to cross-border conflicts, refugee-related crises and
are poorly developed. To meet this objective, we analyzed data
from the 2011 EDHS. We fitted multinomial multilevel models in

a Bayesian framework.

Chapter 2 presents the country profile, details of the data sources,

and the statistical methods used in the thesis. Chapter 6 discusses

the main findings and limitations of the study, and sets an agenda for

future works to improve data-driven decision-making in humanitarian

emergencies.
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Chapter 2

Methodology in Context

In this chapter, we present the country profile and the methodology
used in the study. We describe the socioeconomic, political and health
profiles of Ethiopia. Then we provide an overview of the data and the
statistical methods used in the study.
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2.1 Study Setting: Ethiopia Country Profile

2.1.1 Geography, climate and population

Ethiopia is located in the eastern part of Africa, known as "the Horn of
Africa". It is landlocked and shares borders with Eritrea, Sudan, South
Sudan, Kenya, Somalia, and Djibouti. The country is divided into nine
regional states (Tigray, Afar, Amhara, Oromia, Somali, Benishangul-
Gumuz, SNNP, Gambella and Harari) and two chartered cities (the
capital, Addis Ababa, and Dire Dawa). The topographic features of
the country range from the highest peak of 4,550 meters (m) above
sea level at Ras Dashen in the northern highlands to the lowest eleva-
tion of 110m below sea level at Danakil Depression in the northeastern
lowlands. Broadly, three climatic zones can be distinguished based on
the height above sea level: cool highlands "Dega" (higher than 2400m),
temperate zones "Weyna Dega" (1500-2400m) and the hot lowlands
"Qola" (less than 1500m) above sea level. The climatic conditions vary
between average annual temperatures of 10°C to 16°C in the high-
lands to 20°C to 30°C in the lowlands. The average annual rainfall
of the country is 848 millimeter (mm), ranging from about 2000mm in
some highlands to less than 100mm in some lowlands. The rainfall in
Ethiopia is erratic, leading to high risks of intra-seasonal dry spells and
annual droughts.

With a population of more than 94.3 million in 2017 [74], Ethiopia
is the second most populous country (after Nigeria) in Africa. It is
one of the least urbanized countries in the world; less than 20% of
the population live in urban areas. According to the 2007 population
and housing census, more than 45% of the population were below 15
years of age (15% were below 5 years of age); childbearing women
(15-49 years of age) constituted nearly half of the female population.
The country is ethnically diverse and embraces a variety of people from
more than 80 different ethnic groups. The Oromo and Amhara ethnic
groups constitute the biggest share, about 35% and 27% of the coun-
try’s total population, respectively. Regarding religious composition,
about 44% follow Ethiopian Orthodox, 34% Islam, 19% Protestantism,
and 3% Catholicism and traditional religions [79].
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2.1.2 Political context

Ethiopia is Africa’s oldest independent country. The country was ruled
by successive emperors until the last emperor, Haile Sellasie, who was
overthrown by a military coup in 1974. Following the coup, a totalitar-
ian one-party socialist government, the military Derg, assumed power.
Soon after its assumption, the Derg launched the so-called "Red Ter-
ror" to eliminate all its opponents, and confronted grievances of differ-
ent groups through military forces. This led to a widespread resistance
from different groups throughout the country, including the Tigray Peo-
ple’s Liberation Front (TPLF), the Eritrean separatist movements, and
the OLF. The groups engaged in an armed struggle, which led to a
devastating civil war for the most part of the 17-year rule of the Derg
regime. In addition to that, the regime fought Somalia in 1977-78
following the Somalia invasion over the disputed Ethiopian region of
Ogaden.

In mid-1991, the Derg regime was overthrown by the Ethiopian Peo-
ples’ Revolutionary Democratic Front (EPRDF), a coalition formed in
early 1989 by TPLF and the Ethiopian People’s Democratic Movement.
Then the EPRDF established the Transitional Government of Ethiopia
(TGE) in 1991. The main coalition parties constituted the TGE include
the TPLF, the OLF, and the ONLF. However, due to ideological differ-
ences among the major coalitions, arguments broke out and led to the
withdrawal of OLF and ONLF from the coalition in 1993. Since then,
most of the OLF and ONLF leaders fled into exile and guerrilla fight-
ing continued against the EPRDF government (an alliance of four main
parties: the TPLF, the Oromo People’s Democratic Organization, the
Amhara National Democratic Movement, and the Southern Ethiopian
People’s Democratic Movement) [42, 44]. In the same year, 1993, Er-
itrea gained independence from Ethiopia through a referendum, and
Ethiopia became a landlocked country. In 1994, the country ratified
its first constitution recognizing the right of 'nations and nationalities’
to self-determination up to and including secession. The constitution
created a federal government with nine ethnolinguistically-based mem-
ber states: Tigray, Afar, Amhara, Oromia, Somali, Benishangul-Gumuz,
SNNP, Gambella, and Harari.
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After four years of TGE (1991-95), in mid-1995, the Federal Demo-
cratic Republic of Ethiopia (FDRE) was proclaimed after the first-ever
multi-party election. The EPRDF and its allies won the election, de-
spite most opposition parties chose to boycott the election. The second
general election was held in 2000, although the country was at war
with Eritrea, and major oppositions refusing participation. The EPRDF
and its allies won again. The third general election, which was con-
sidered as the country’s first genuine competitive election was under-
taken in 2005. Large and peaceful political rallies from both opposition
and ruling parties were carried out across the country. The campaign
messages were broadcasted in state-owned media and private presses.
The electoral process was closely observed by several international ob-
server missions, including the African Union (AU), the European Union,
the Carter Center, and the local observers. Voter turnout was high.
The opposition parties made a major achievement; the main opposi-
tions, the Coalition for Unity and Democracy (CUD) and the United
Ethiopian Democratic Forces (UEDF), won several seats in the capital,
Addis Ababa, and other urban centers. However, they disputed the
final results and the national electoral board investigations, claiming
that they won an overall victory. Some opposition leaders refused to
take their seats in the parliament despite winning the election, which
led to the imprisonment of more than 30,000 people, over 200 of them
were opposition leaders [48, 49].

Following the 2005 unprecedented election challenges, the EPRDF
put in place a series of new laws which limits the activities of opposition
political parties, independent media, and civil societies. As a result, the
following national elections in 2010 and 2015 were noncompetitive
and totally dominated by the ruling party, where the EPRDF and its
allies collected 99.6% and 100% of the parliament seats, respectively,
in the two consecutive elections [48, 49].

2.1.3 Socioeconomic status

Ethiopia is one of the world’s poorest countries. Nevertheless, over the
last couple of decades, except during the 1998-2000 Eritrea-Ethiopia
war and the 2003-04 catastrophic droughts, the country has shown
substantial economic growth. Notably, between 2004 and 2016, the
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Gross Domestic Product (GDP) grew, on average, over 10% and the
GDP per capita grew, on average, 42 USD annually (Figure 2.1). The
proportion of people living in extreme poverty has declined from 46%
to 23% between 1995 and 2015 [80] and the MDG target of halving
extreme poverty between 1990 and 2015 has been achieved [81].

Agriculture is the main economic base for the country with 80% of
the workforce employed in this sector, generating 70% of export earn-
ings (mainly from coffee export) and producing 42% of the GDP in
2014 alone [82]. However, the agricultural sector is characterized by
smallholders (highly fragmented landholdings) and highly dependent
on rainfall, which increases vulnerability to droughts and therefore
contributes to higher economic volatility. For example, the 2003-04
droughts dragged the GDP growth below zero (Figure 2.1), and the
2015-16 El Nifio induced-droughts exerted a heavy toll on the econ-
omy [8, 60].
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FIGURE 2.1: Levels and trends of socioeconomic in-
dicators in Ethiopia, 1990-2015. Data source: World
Development Indicators 2017 [3].

Parallel to the economic growth, Ethiopia has shown astonishing
progress in the education sector. Accordingly, the net primary enrol-
ment rate has increased sharply from 19% in 1994 to 86% in 2014
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(Figure 2.1); adult literacy rate (the proportion of persons aged 15 and
above who can read and write) has also increased from 27% to 49%
between 1994 and 2015 [80].

Even with the progressive socioeconomic growth, the country still
ranked 174 out of 188 countries in the Human Development Index
(HDI) in 2014 — an index composed of life expectancy, education, and
Gross National Income. Similarly, it ranked 129 out of 155 countries in
Gender Inequality Index — an index indicating gender-based inequality
in reproductive health, empowerment, and economic activity. Overall,
Ethiopia’s HDI and GDP per capita are below the average of countries
in the low human development group and sub-Saharan Africa [82].

2.1.4 Health status

As in many developing countries, the health system in Ethiopia is un-
derdeveloped. The population has been bearing the burden of poten-
tially preventable diseases. On top of that, the majority of the popula-
tion lives in rural areas (over 80% of the country’s population) where
access to modern health services are limited. In the last two decades,
however, several policies and programs have been developed and im-
plemented to expand access to health services and improve health out-
comes [83]. Subsequently, physical access and utilization of health care
have improved substantially through the construction of healthcare fa-
cilities and training and deployment of health care providers. In ad-
dition, the total health expenditures per capita increased from only 4
USD in 1995 to 27 USD in 2014 [80].

Health outcomes have considerably improved. The USMR fell from
166 deaths per 1000 live births in 2000 to 67 in 2016 (Figure 2.2), and
hence the country achieved the MDG target of reducing child mortality
by two-thirds ahead of the 2015 deadline [81]. Maternal health service
coverage improved: between 2000 and 2016, antenatal care utilization
and institutional deliveries have increased from 27% to 62%, and from
5% to 26%, respectively [84]. Maternal and child nutritional status
has also shown improvements; in particular, child stunting dropped
from 58% to 38% and women’s undernutrition declined from 30% to
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22%, both between 2000 and 2016 (Figure 2.2). Life expectancy has
increased from 47 years in 1990 to 64 years in 2014 [80].
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FIGURE 2.2: Levels and trends of nutrition and mor-
tality indicators in Ethiopia, 2000-2016. Data source:
The EDHS 2000, 2005 [85], 2011 [71] and 2016 [84].

Notwithstanding the progress in most health indicators, the preva-
lence of child wasting did not change much (Figure 2.2). Furthermore,
the prevalence of both stunting and wasting indicates serious nutrition
problems according to the WHO classification [86]. On top of that,
there is a huge health inequality across regions, and between urban
and rural areas. Between 2006 and 2015, for example, the USMR of
Affar region was more than twice that of Tigray region (125 deaths
per 1000 live births versus 59); and higher in rural areas than in ur-
ban areas (83 deaths per 1000 live births versus 66) at national level.
Similarly, in 2016, the prevalence of child stunting ranged from 24% in
Gambela region to 46% in Amhara; and 40% in rural areas compared
to 25% in urban areas, nationally. The prevalence of child wasting in
Somali region was almost fourfold of that of SNNP region (23% versus
6%), but there was no substantial urban-rural difference (10% rural
versus 9% urban) [84].

Despite the improvements, the country is still struggling with inad-
equate health systems. The health workforce and health infrastructure
are far from reaching sufficient levels. Between 2007 and 2013, for
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example, the physician, and nursing and midwifery ratios were 0.3 and
2.5 per 10,000 people, respectively, compared to the African regional
average of 2.1 and 12.4; the hospital bed ratio in 2013 was one fourth
of that of the African regional average (0.2 versus 0.8 per 100,000 peo-
ple). In 2012, the GDP share of the health expenditure was lower than
that of the African regional average (4.9% versus 5.6%) [87]; the total
health expenditures per capita were also by far lower than the sub-
Saharan African average (27 USD versus 131) in 2014 [80].

2.2 Overview of the Study Data

2.2.1 Nutrition and mortality
Nutrition

Nutrition is the intake of food according to the body’s dietary needs.
An adequate and balanced diet combined with regular physical activity
is a cornerstone of good health. Malnutrition, either undernutrition or
overnutrition, occurs when the dietary intake and absorption of nutri-
ents is not balanced with the nutritional needs to sustain good health
and development. Undernutrition is an outcome of insufficient nutri-
ent intake or deficiencies of micronutrients. Overnutrition, on the other
hand, is the result of overconsumption of food and nutrients, which de-
velops into obesity, leading to chronic health problems, including car-
diovascular diseases, hypertension, cancer, and diabetes. In this thesis,
however, we consider only undernutrition because it is the common
form of malnutrition in humanitarian crises and it provides insight into
the severity of a crisis. Undernutrition occurs in four forms: chronic
malnutrition, acute malnutrition, underweight, and micronutrient de-
ficiencies. They can appear alone or in combination, but often overlap
in a child or in a population.

Chronic malnutrition is characterized by low height compared to age
(shortness) — referred to as stunting. Stunting is mostly irreversible
and has a long-term effect on the individuals and the society at large.
The effects include poor mental ability and learning capacity; reduced
productive capacity at adulthood; increased risk of nutrition-related
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chronic diseases, such as diabetes, hypertension, and obesity; and in-
creased risk of complicated birth and adverse birth outcomes [55, 88,
89]. Stunting is a useful indicator to assess the long-term nutrition de-
ficiencies and thus a preferable tool for long-term planning.

Acute malnutrition is characterized by either low weight compared
to height (thinness) — referred as wasting (marasmus) — or nutrition
oedema (kwashiorkor). Wasting is often the result of acute starvation
or diseases and leads to quick and severe weight loss. It indicates the
deficit in tissues and fat mass due to deficiencies of macronutrients
(protein, fat, and carbohydrates) or micronutrients (essential vitamins
and minerals, such as vitamin A, iron, iodine, and zinc). Nutrition
oedema (a swelling caused by an excess accumulation of cellular fluids
in the body tissue) is typically a sign of sudden lack of protein in the
diet. Children who present oedema are at higher risk of death. The
prevalence of acute malnutrition in children under-five years of age is
a widely recognized indicator to assess the severity of humanitarian
crises for the following main reasons [53]. First, it is a sensitive and
objective indicator to assess the broader situation of crisis-affected pop-
ulation, including food security and public health. Second, it predicts
morbidity and mortality better. Third, it is a fairly robust indicator
to estimate the prevalence with known precision even in difficult sit-
uations. Hence, this thesis uses the prevalence of acute malnutrition
(particularly wasting) as a proxy for nutritional status in humanitarian

emergencies.

Underweight is characterized by low weight-for-age in children, and
low weight-for-height in adults. It is the result of wasting, stunting, or
both.

Nutritional status indicators are mainly obtained from anthropomet-
ric measurements of height, weight, mid-upper arm circumferences and
sometimes skinfold thickness. Anthropometric indices based on height
and weight — weight-for-height, height-for-age, and weight-for-age —
are widely used tools to evaluate body size and composition. They are
inexpensive, non-invasive and universally applicable and hence prefer-
able for assessments of nutritional status at a population level [86].
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Growth standards or growth references are required to compare
growth patterns and to assess nutritional status based on the anthropo-
metric indices. Accordingly, three growth standards have been widely
used [90, 91]: the 1978 WHO/NCHS (National Center for Health Statis-
tics) growth reference (for children up to age 10), the 1995 WHO
growth reference (for children and adolescent up to age 19), and the
2006 WHO growth standard (for preschool children, under 6 years of
age). The earlier versions of the growth references were developed
based on data collected from children in the United States, where most
of the children included were formula-fed, and thus cannot be consid-
ered as a good reference for many countries, including Ethiopia. With
the aim to establish growth standards representative of different ethnic-
ities or races, the 2006 WHO growth standard was developed based on
breastfed and healthy infants and children recruited from cities of six
countries (Brazil, Ghana, India, Norway, Oman, and the United States).
We thus used indicators derived using the 2006 WHO growth standard
(when it was readily available). Otherwise, we converted indicators
reported based on the earlier growth references to the 2006 WHO stan-
dard using a conversion algorithm [92]. The indices are expressed rel-
ative to the reference or standard in any of the three methods: the
standard deviation scores (z-scores), the percentiles, and the percentile
of the median values [86, 91, 93].

The prevalence of child wasting at a population level is calculated as
the proportion of the sampled children whose weight-for-height z-score
(WHZ) is below the cut-offs (i.e., -2 z-score for Moderate Acute Mal-
nutrition (MAM) or -3 z-score for Severe Acute Malnutrition (SAM)).
The Global Acute Malnutrition (GAM) is then the sum of MAM and
SAM. The WHO has set a classification benchmark on the severity of
child wasting at the population level based on the prevalence of GAM.
Accordingly, a GAM prevalence of less than 5% is acceptable, 5-9% is
poor, 10-14% is serious, and greater than 15% is a sign of critical mal-
nutrition in a population [86].

The Body Mass Index (BMI), weight (in kilograms) divided by height
(in meter squared), is commonly used indicator to assess the nutri-
tional status of adults. Individuals with low body weight relative to
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height (low BMI) are considered underweight. Broadly, the WHO rec-
ommends the following BMI cut-offs: underweight (< 18.50 kg/m?),
normal weight (18.50-24.99 kg/m?), overweight (> 25.00 kg/m?) and
obese (> 30.00 kg/m?). For public health significance, the WHO classi-
fies the underweight prevalence in a population according to the fol-
lowing thresholds: < 10%, 10-19%, 20-29%, and > 30% as low,
medium, high and very high prevalence, respectively [86].

Mortality

Humanitarian emergencies increase death toll either directly, or indi-
rectly through adverse health outcomes. Mortality rates, excess death,
and causes of death are among the key indicators used to evaluate the
magnitude of humanitarian crises. They are crucial for planning and
programming humanitarian response, including public health interven-
tions and advocacies. Mortality indicators, including USDR (the num-
ber of deaths occurring in a given population of under-five children
during a specified time period) and Crude Death Rate (CDR; deaths
among all age groups and due to all causes of death), are often cal-
culated from retrospective mortality surveys in situations where death
registrations are nonexistent or incomplete [94, 95].

Nutrition and mortality data in humanitarian emergencies

Nutritional status and mortality indicators are often collected through
population-based household surveys. To generate timely and reliable
data in a standardized way, the Standardized Monitoring and Assess-
ment of Relief and Transitions (SMART) methodology was developed
by a network of organizations and humanitarian practitioners. The
accompanied SMART manual provides a step-by-step guide to conduct
nutrition and mortality surveys in crisis-affected populations. The SMART
methodology is supported by the Emergency Nutrition Assessment (ENA)
software to facilitate the survey process and ensure standardization of
results [96]. The majority of small-scale surveys used in this thesis are
based on the SMART methodology. The following paragraphs briefly
summarize the SMART survey methodology.
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Generally, conducting a survey involves the following main compo-
nents: selecting a representative sample of households or individuals,
collecting data from the selected sample, and analyzing the data to in-
fer about the population from which the sample was selected. Once
the objective of a survey and the population group to be surveyed are
defined, the sample size is decided. The required sample size is calcu-
lated using a formula which mainly contains the following parameters:
the expected prevalence of malnutrition or death rates, the required
precision, design effects (for cluster sampling) and the recall period for
mortality (a predetermined period of time to which the mortality rate
in a given population refers).

The next step is choosing appropriate sampling methods to select a
representative sample from the population of interest. Different sam-
pling methods exist: simple random sampling, systematic random sam-
pling, cluster sampling and stratified sampling. Due to its feasibility and
cost-effectiveness, two-stage cluster sampling is widely used and con-
sidered as a standard in humanitarian settings. In the first stage, the
population is divided into smaller distinct geographical subdivisions,
such as villages, districts, subdistricts or census blocks, whose popula-
tion is known or can be estimated. A sample of these geographic units,
Primary Sampling Units (PSUs), is selected in proportion to the size of
the entire population (Probability Proportional to Size (PPS) sampling).
The PPS ensures that all households have equal chances to be included
in the sample. Then, a predetermined number of clusters within the
selected PSUs (usually 30 or more) are selected. In the second stage,
the required number of households or individuals within each PSUs are
selected randomly using any of the following methods: simple or sys-
tematic random sampling, the Expanded Programme on Immunization
(EPI) sampling methods, spatial sampling, or segmentation [96].

Once a representative sample is identified, the next task is collecting
data using carefully designed questionnaires. Proper training should be
given to the survey team before deployment in the field. The training
encompasses several issues, including clarification of survey objectives,
the roles and responsibilities of each team members, sampling methods
emphasizing on the importance of random sampling, weight and height
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measurements, assessing the presence of oedema, obtaining additional
data (if needed), and administering mortality questionnaire. Before
the rollout of the actual survey, it is important to undertake a full-scale
pilot test in the field.

The final task is data analysis and writing the report. Indicators,
including nutrition indicators (e.g., prevalence of wasting and stunt-
ing), immunization coverage indicators (e.g., Measles-containing Vac-
cine (MCV) coverage) and mortality indicators (e.g., USDR and CDR),
are calculated to represent the population from which the sample was
selected. Then the report is prepared and disseminated to concerned
stakeholders.

Ideally, prospective surveillance (an ongoing, systematic recording,
analysis and interpretation of health data) based on CRVS (a continu-
ous registration of vital events, such as births, deaths, and marriages)
complemented by regular population censuses is considered as a gold
standard for monitoring mortality. However, this system is absent or
poorly developed in many developing countries, particularly in crisis-
affected areas. This is mainly due to the poor health information sys-
tems, the costs to install the system, and feasibility issues in protracted
crisis. Therefore, retrospective mortality surveys based on a represen-
tative sample of households are often used to monitor mortality in
such situations. Mortality surveys collect information on the demo-
graphic events, such as births, deaths, arrivals, and departures, within a
household over the recall period to calculate mortality rates. Nonethe-
less, retrospective mortality surveys have several shortcomings. For
instance, mortality estimates reflect the past rather than the current
mortality, delay in analysis and reporting limit the timely usefulness,
the surveys are mainly based on smaller samples which may under-
mine the power to detect effects on further questions, and there are
methodological challenges, such as lack of or incompleteness of sam-
pling frames and selection biases [95]. Despite these weaknesses, ret-
rospective mortality surveys are widely used for operational purposes

by humanitarian agencies due to their cost-effectiveness and feasibility.
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The CE-DAT (http://cedat.be/) at CRED (http://cred.be), Uni-
versité catholique de Louvain (UCL) in Belgium, collects small-scale
nutrition and mortality surveys from humanitarian and UN agencies,
verifies the quality and ensures their completeness using the CE-DAT
validation guidline (Appendix A), and compiles and makes them avail-
able for researchers and policymakers to support evidence-based hu-
manitarian decision making [68, 73]. As of December 2013, the CE-
DAT repository has recorded 3309 surveys from 51 countries for a pe-
riod of 2000-13; a good half of them are from Sudan, DRC, Somalia
and Ethiopia [68]. For this study, we extracted 237 small-scale surveys
(consisting of a sample of 179,540 children) conducted in the third
administrative (woreda) level of the rural Ethiopia between 2000 and
2014 (Figure 2.3). For the assessment of the burden of malnutrition
among women living close to international borders in Ethiopia, we ex-
tracted data from the 2011 EDHS - which consists of 6334 women age
20-49 years (Figure 5.1).
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FIGURE 2.3: The number of CE-DAT surveys (n=237)
by woredas and regions of Ethiopia, 2000-2014.
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2.2.2 Drought exposure

Drought is a natural hazard which affects agriculture, water resource,
and the natural ecosystem. It is primarily characterized by precipita-
tion deficit. The timing, duration, distribution, and intensity of the
deficit results in water shortage for the normal functioning of the natu-
ral ecosystem, particularly the human activities that depend on it [97].
This, in turn, leads to land degradation, economic loss, epidemics, and
in the worst cases famine. It further contributes to widespread unem-
ployment and poverty; exacerbates conflict and political unrest; and
provoke mass displacement [98].

Droughts are broadly categorized into four types: meteorological,
hydrological, agricultural, and socioeconomic droughts [99]. Meteo-
rological drought is characterized by an abnormal precipitation deficit
for a prolonged period, whereas hydrological drought refers to the de-
ficiency of ground or surface water supply due to shortage of precip-
itation for a longer period. Agricultural drought, on the other hand,
is characterized by soil moisture deficit during growing seasons due
to meteorological or hydrological droughts and mainly affects rainfed
agriculture (for a shorter duration). The socioeconomic drought occurs
as a result of the imbalance of demand and supply of economic goods
due to the effect of any of the droughts.

Characterizing droughts and assessing their impact is difficult for
several reasons [65, 66, 99]. First, the onset and end of droughts are
challenging to define, and this leads to different definitions based on
regions, needs, understanding of the phenomenon, disciplines and its
complex nature. Second, droughts develop slowly, last for longer peri-
ods, affect a wider geographical area and their effect accumulates over
time. Third, the severity of drought depends on the underlying vulner-
ability of the population, such as infrastructure development and water
utilization. Due to these reasons, there is no single universal indica-
tor to adequately measure the intensity and severity of drought and its
impacts. More than 100 indices have been developed so far; most of
them are primarily based on precipitation deficit that results in water
shortage for some activities or for some groups [100].



40

Among the indices, the Palmer’s Drought Severity Index (PDSI) and
the Standardized Precipitation Index (SPI) are widely used to quantify
drought and monitor its development [99-101]. The PDSI uses precip-
itation and temperature data to estimate relative dryness. But, PSDI
has several caveats, including its incomparability across regions and
time periods, its limited applicability in regions with extreme climate
(e.g., highly variable rainfall or runoff and mountainous areas), and
its inability to identify a rapidly emerging drought events as it is based
on a fixed time scale between 9- and 12-months [100, 101]. On the
other hand, unlike PDSI, the SPI can track drought on multiple time
scales (e.g., 1-, 3-, 6-, 42-month) and compares precipitation variations
across different regions with different climates. Nevertheless, SPI is
solely based on precipitation and ignores other potential factors that
can influence drought, such as temperature, evapotranspiration and
wind speed [100, 101].

Realizing the limitations of both PDSI and SPI, Vicente-Serrano and
colleagues developed an improved drought index, the Standardized
Precipitation and Evapotranspiration Index (SPEI, [101]), incorporat-
ing temperature data into SPI. The SPEI is therefore a comprehensive
drought index which combines precipitation and temperature compo-
nent (evapotranspiration) data in its calculation, and has a wider ap-
plication. Its values usually lie between -2.5 and 2.5, where posi-
tive values indicate wetness and negative values indicate dryness. In
this thesis, we used the SPEI to determine the duration and inten-
sity of droughts. The SPEI data were downloaded from the Global
Drought Monitor website, http://sac.csic.es/spei/, which provides
real-time information about drought conditions at the global scale, with
a 0.5° spatial resolution and a monthly time resolution for time-scales
between 1 and 48 months.
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2.2.3 Food security

Over the course of time, the term food security received several defi-
nitions, ranging from definitions considering only food availability to
definitions considering several parameters. The widely accepted defi-
nition, which recognized the multidimensional nature of food security,
was coined in the 1996 World Food Summit. According to this defini-
tion, food security exists when all people, at all times, have physical and
economic access to sufficient, safe and nutritious food that meets their
dietary needs and food preferences for an active and healthy life [102].
The food security definition basically has four dimensions: availability,
accessibility, utilization, and stability. These dimensions are summa-
rized below [9, 102]:

e Food availability: refers to the availability of food in sufficient
quantity, appropriate quality, and adequate supply through do-
mestic food production, commercial food imports or food aid.

e Food accessibility: refers to the ability of households or individ-
uals to acquire the food necessary for a nutritious diet. It mainly
depends on household resources, food prices, and the physical,
social and policy environment.

e Food utilization: refers to sufficient socioeconomic and biolog-
ical utilization of food. This encompasses the care and feeding
practices; food preparation and storage; food preferences and
intra-household food distribution; access to clean water, sanita-
tion, and healthcare to reach the state of nutritional well-being

while all physiological needs are met.

e Food supply stability: refers to the temporal dimension of food
security. It is achieved when a population, household or indi-
vidual has access to adequate food at all times. Stability of food
supplies can be affected by sudden shocks, such as climate-related

or economic crisis, and social or political instabilities.

Overall, to be considered food secured, food has to be available,
households have to access it, be utilized properly, and foremost the
whole system has to be stable over time and space. On the other hand,
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food insecurity exists when people do not have adequate physical, so-
cial or economic access to food.

Food insecurity in humanitarian emergencies is assessed using dif-
ferent approaches. One of the widely accepted tools that provides infor-
mation on the severity of food emergencies in a standardized way is the
Integrated Food Security Phase Classification (IPC). The IPC classifies
food security either at household or area level. The household approach
uses the convergence of available information, including data on food
security outcomes (e.g., household food consumption) and contribut-
ing factors (e.g., price level, crop production) to provide the estimated
food-insecure population. The area approach, on the other hand, is
based on convergence of the following three inputs: the highest sever-
ity of food insecurity faced by at least 20% of the area’s population,
the prevalence of acute malnutrition, and the death rates. Each of the
scales has five phases to classify acute food insecurity: none or min-
imal, stressed, crisis, emergency, and famine or catastrophe (see the
description in Figure 2.4). The IPC information is collected from dif-
ferent sources, including population censuses, food security surveys,
DHSs, MICSs, health surveillance, and reports of governmental agen-
cies, non-governmental organizations (NGOs) and UN agencies. The
IPC approach is flexible and adaptable to different context, compara-
ble over time and space, transparent and accountable, links analysis
to action and, thus, provides comprehensive evidence for food security
decision-making [57].

The Famine Early Warning Systems Network (FEWS NET; https:
//www.fews.net/) is one of the organizations providing current and
projected food insecurity information at national and regional level.
The FEWS NET adopted the IPC household-based classification of acute
food insecurity reference table (Figure 2.4) to describe the severity
of food crises. In this thesis, we used food insecurity information at
woreda level, acquired from FEWS NET monthly reports.
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Phases Descriptions
Phases |  Household group is able to meet essential food and non-food needs without
No/ engaging in atypical, unsustainable strategies to access food and income,

Minimal  including any reliance on humanitarian assistance.
Even with any humanitarian assistance:

Phases 2 o Household group has minimally adequate food consumption but is unable

Stressed to afford some essential non-food expenditures without engaging in
irreversible coping strategies.

Even with any humanitarian assistance:

o Household group has food consumption gaps with high or above usual
acute malnutrition; or

o Household group is marginally able to meet minimum food needs only
with accelerated depletion of livelihood assets that will lead to food
consumption gaps.

Even with any humanitarian assistance:

o Household group has large food consumption gaps resulting in very high
acute malnutrition and excess mortality; or

o Household group has extreme loss of livelihood assets that will lead to
large food consumption gaps in the short term.

Even with any humanitarian assistance;

o Household group has an extreme lack of food or other basic needs even
with full employment of coping strategies. Starvation, death, and
destitution are evident.

FIGURE 2.4: Acute food insecurity phase descriptions,
household-based classification [57].

2.2.4 Conflict events

Several sources exist to provide information on violent conflicts and
war. Administrative records of governments or other agencies, vital
registration systems, routine surveillance and household surveys are
widely used sources. Nonetheless, it is extremely difficult to obtain
credible data on the burden of conflicts and war for different reasons
[25]. First, the main data sources, such as media reports of eyewit-
nesses (combatant accounts) or official government reports, are prone
to underreporting, selective reporting or exaggerations because of the
political sensitivity of conflicts. Second, the various definitions of con-
flict itself complicate the assessment of the burden. Third, the lack
of functional vital registration systems, weak surveillance, and incom-
pleteness of national surveys as it often excludes conflict-affected ar-
eas, undermine the volume and quality of data. However, recognizing
the need for reliable and timely data on the occurrence and impact
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of conflicts, different initiatives have been involved in compiling and
documenting data on conflict events. The following paragraphs briefly
summarize the two conflict databases used in this thesis.

One of the initiatives is the Armed Conflict Location & Event Data
Project (ACLED; http://www.acleddata.com/). ACLED is a publically
available database of political violence (the use of forces by a group
with a political purpose or motivation). It collects data on the type of
violence, groups involved, dates and locations, reported fatalities and
contextual notes of political violence and protests in developing coun-
tries. The ACLED data is geo-referenced and disaggregated by types
of violence (battles, violence against civilians, remote violence, rioting,
non-violent demonstration and non-violent activities) and actors (gov-
ernments, rebels, militias, ethnic groups, political organizations, and
civilians). It provides useful information to understand conflict dynam-
ics and patterns as well as to identify conflict actors [103].

ACLED gathers information from a variety of sources, including civil
societies (e.g., NGOs and humanitarian agencies), governmental or
intergovernmental organizations (e.g., national governments, AU and
UN), media (e.g., newspapers, magazines or television), research jour-
nals and specialist publications. It provides information in different
scales, ranging from international to local levels. The use of diverse
sources and different scales in ACLED is its strength in minimizing bi-
ases, such as reporting bias, geographical bias and selective reporting
[103].

The ACLED data are coded by qualified and experienced profession-
als to ensure accuracy and ease usability. Each week individual coders
collect data from the sources mentioned above. Then the data are re-
viewed by three code reviewers. The first reviewer aggregates and re-
vises the data, the second reviewer investigates and crosschecks, and
the third reviewer inspects the details and event notes (a brief note
attached to each conflict event to provide additional details about the
event). The real-time conflict data are reviewed in weekly bases and
then the overall data cleaning and management is carried out in annual
bases leading to an annually-released dataset publication. Inconsistent
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and missing details are updated whenever new and credible informa-
tion is available. The ACLED data is available for the entire African
continent in their website, http://www.acleddata.com/.

The other initiative is the UCDP, http://www.ucdp.uu.se/, which
records armed conflicts with the aim to help conflict resolution efforts
through a better understanding of the origin and dynamics of conflicts.
The UCDP defines armed conflict as a contested incompatibility that
concerns governments or territories where the use of armed force be-
tween two parties, of which at least one is the government of a state,
results in at least 25 battle-related deaths in a calendar year. The UCDP
classifies conflicts into 3 main groups: i) interstate armed conflict, oc-
curs between two or more states; ii) internationalized internal armed
conflict, occurs between the government of a state and internal oppo-
sition groups with intervention from other states; iii) internal armed
conflict, occurs between the government of a state and internal opposi-
tion groups [104].

The UCDP data collection exercise is carried out in four stages. In
the first stage, data related to organized violence is collected through
the Factiva database (a business information and research tool with
global coverage and contains more than 30,000 different newswires
(e.g., Reuters, AFP and Xinhua), newspapers and other sources). The
collected information is then codded according to the UCDP’s criteria.
In the second stage, other materials which could possibly contain in-
formation are collected. These include newly published books and case
studies, journals, NGO publications and online databases. Then it is
coded in the same way as in the first stage. In the third stage, unclear
information is checked by contacting a network of regional experts. In
the fourth stage, the UCDP’s project managers and program’s director
examine and validate the compiled data to be uploaded in the system.
The UCDP armed conflict database publishes data on the incidence, du-
ration, location, actors involved and number of deaths. The data can
be downloaded from the UCDP website, http://www.ucdp.uu.se/.
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2.3 Overview of Data Analysis

2.3.1 Bayesian approach

The discipline of statistics has two schools of thought: the classical (fre-
quentist) approach and the Bayesian approach. The classical approach
considers probability as a long-term relative frequency and hence ap-
plicable for repeatable events only (in principle). It is often based on
large sample approximation by assuming asymptotic normality. The
statistical methods based on the classical approach are heavily depen-
dent on testing the null hypothesis. The unknown parameters in the
classical approach are fixed quantities. A Bayesian approach, on the
other hand, applies to any event about which we are uncertain. The
unknown quantities (i.e., unknown parameters and data before obser-
vation) are considered as random and have a probability distribution.
In a Bayesian approach, unknown quantities are assigned a prior distri-
bution, and the latter is updated using observed data to give posterior
distributions; which makes the Bayesian approach a method of learning
from evidence as it accumulates [105, 106].

The benefits of Bayesian methods include [105-108]:

— It provides more information to improve decision-making. The
Bayesian approach incorporates additional information into the
statistical analysis in the form of prior probability distributions to
provide flexible modelling of evidence from diverse sources.

— Sample size reduction. The use of prior information in the Bayesian
approach could reduce large sample requirements.

— It provides more intuitive and meaningful inference. It gives ex-
act analysis, unlike the classical approach which mainly produces

approximate analysis.

— Missing data can easily be handled in a Bayesian approach.

To summarize, a Bayesian method combines prior information about
the parameter (prior probability) with the observed data (likelihood
function) to obtain a revised probability associated with the parame-
ter (posterior probability) and makes inference from this combined in-
formation. We used Bayesian approaches throughout this thesis. The
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following sections summarize the steps to undertake a Bayesian analy-
sis [107-109].

1. Formulate a probability model for the data
Suppose that x = (21, ..., z,) are the n data values to be observed
and ¢ denotes the vector of unknown parameters. Further, assume
that the observations are independent. Then, the probability dis-
tribution of the data if the parameters were known is given by

p(x:/9).

2. Prior distribution

Learning from the past through incorporating information from
previous studies into the current studies would improve statis-
tical inference [106]. In a Bayesian approach, before the data
are obtained and the analysis started, probabilities are assigned
to all the possible values of the unknown population parameters
of interest. These probabilities constitute prior distributions for
those parameters; and the variance of this distributions (often ex-
pressed as precision — the inverse of the variance) reflects the level
of uncertainty about the values of the population parameters. We
can broadly classify prior knowledge into two:

— Informative (genuine) priors. They are used when there is
considerable prior information about the values of the pa-
rameters of interest and their accuracy. They can be obtained
either from elicitation of expert opinions (formal or infor-
mal discussions with experts, gathering information through
questionnaires and computerized elicitation) or from previ-
ous similar studies ("today’s prior distribution is yesterday’s
posterior distribution" [110]).

— Noninformative (vague or diffuse) priors. They are widely
used when there is little or no previous information about
the parameters of interest. They represent ignorance about
the model parameters and avoid the criticism of subjectiv-
ity by acting as if the prior information does not exist. They
usually take the form of uniform distributions over the range
of interest and have a negligible impact on the posterior dis-
tribution. If the data is large enough, the prior information
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matters little or not at all and, thus, noninformative priors

can be used.

For the unknown parameter ¢ under consideration, the initial
knowledge prior to data collection can be represented by a prior
distribution, p(6).

. Posterior distribution

The posterior distribution provides updated information by bal-
ancing the prior knowledge with the observed data. To obtain the
posterior distribution, p(0/x), we follow the following procedures:
construct the likelihood function based on the observed data and
the probability model formulated in step 1, and then combine the
likelihood with prior distribution obtained in step 2.

The likelihood is the joint probability distribution function of the
data (fixed quantity), as a function of the parameter. For the
independently selected data values = = (z1, ..., ,,), the likelihood
function is given by

n

L(0/x) = p(x1, ... 20 /0) = [ [ p(:/0). 2.1)

i=1

Then, the posterior distribution, p(6/x), is obtained by applying
the Bayes’ theorem as follows:
p 9)19(9/ ) _ p(O)L(0/x)

POID) = T~ g X PORO/). 22

To summarize, the posterior distribution is proportional to the
prior distribution and the likelihood function.

To find the implicit form of the posterior distribution, the propor-
tionality constant, p(x), which does not depend on # and required
to make p(f/x) integrate to one, needs to be calculated. This
process involves solving high dimensional integrations, which is
the challenging part of the Bayesian approach. Because of this
difficulty, the Bayesian statistics had limited practical applications
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until the last two decades. With the advancement of fast and pow-
erful computing machines and the emergence of Markov Chain
Monte Carlo (MCMC) methods, the practical application of Bayesian
statistics has become much easier [105].

The MCMC methods produce simulated draws of samples from
the posterior distribution, easing the challenges of analytically solv-
ing the parameter estimates. Once the posterior distribution is
constructed, the Bayesian inferences can be made by solving a
large sample drawn from the distribution using MCMC methods.
Both point and interval estimates (credible intervals) of the pa-
rameters, predictions about future data, and probabilistic evalu-
ation of hypotheses can be computed from the posterior distribu-

tion.

Despite its benefits, the Bayesian approach has limitations [106—
108, 111]. First, the use of subjective prior information is the source of
controversy in Bayesian methods. This issue is even more important in
emergency response, where malnutrition and mortality estimates, for
instance, can be manipulated for political reasons or other interests of
different groups. The subjectivity can be minimized by either choos-
ing prior information based on justifiable evidence and reasoning so
that it could reflect the real nature of the data or using non-informative
priors to reflect ignorance of prior information. Given the scarcity cred-
ible evidence in the area, we have used noninformative priors in this
study. Moreover, as our analysis is based on large datasets, the impact
of prior information is negligible, and thus our findings could be used as
a prior for future studies. Second, different choice of prior information
can produce varying posterior results. Therefore, conducting sensitivity
analysis is vital to assess the robustness of the results with the choice
of different priors and any other assumptions made. Third, Bayesian
methods are computationally complex and thus need specific statistical
expertise.
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2.3.2 Meta-analysis

We used meta-analysis in Chapter 3 and Chapter 4. As science is a cu-
mulative process, one can find a wealth of studies addressing the same
research question [112]. Meta-analysis is a method to summarize, in-
tegrate, and interpret results of conceptually comparable and method-
ologically similar quantitative studies in an attempt to develop a single
synthesis of the results, a so-called "pooled estimate". Some of the rea-
sons to use meta-analysis for evidence synthesis include [113, 114]: (1)
meta-analysis increases statistical power compared to individual stud-
ies and therefore answer questions (detect effects) that single studies
cannot or are not designed to address; (2) it improves precision as it
is based on more information; and (3) it helps resolve controversies by
combining information from conflicting results.

Meta-analysis is usually a two-stage process [113, 114]. In the
first stage, a summary effect is calculated for each study (e.g., odds
ratios, relative risks, proportions, mean differences and correlation co-
efficients). In the second stage, a summary (pooled) effect estimate is
calculated based on a weighted average of individual studies. Although
meta-analysis aggregates information from conceptually comparable
and methodologically similar quantitative studies, the studies may or
may not estimate exactly the same effects. On this basis, two meta-
analysis models exist; fixed-effect and random-effects meta-analysis.

Fixed-effect meta-analysis

A fixed-effect meta-analysis assumes that each study estimates exactly
the same effect and hence a single parameter value (true effect) is com-
mon to all studies. Any differences observed in the effect size estimates
are assumed to be due to sampling error. Assume n independent stud-
ies, each study i(: = 1, ...n) estimating a corresponding true effect size.
All the studies are assumed to share a common true average (unknown)
effect (11). The observed effect y; in the i** study is given by:

Yi = Wi T &
1 = flg = ... = by = |1 (2.3)
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where ¢; is the sampling error (within-study error) and follows a nor-
mal distribution with mean 0 and within-study variance 0, (¢; ~ N(0,,)).
To obtain precise estimate of the population effect (), weighted
mean is computed with each study assigned a weight which is the in-
verse of its variance — w; = -
Y

The weighted mean (1) is then computed as:

The variance of the summary effect is estimated as:

n 1 -1
b2 = (Z ﬁ) .
i=1 Y
However, the assumption of homogeneous effect sizes in the fixed-
effect meta-analysis is difficult to achieve, except in the case where
flawless studies estimate the same physical constant. In biomedical
and social science studies, it is implausible to assume homogeneity
[115]. Inevitably, the studies brought together differ in numerous fac-
tors, such as participants’ characteristics (e.g., age, education, lifestyle
and residence), the exposure or interventions under investigation (e.g.,
exposed to droughts, conflicts and educational intervention), outcomes
measured, and study design implemented. These differences introduce
variability (heterogeneity) among the true effects.

Heterogeneity

Heterogeneity is any kind of variability among studies compiled in a
meta-analysis. Identifying heterogeneity, quantifying its extent and
addressing them is a crucial part of any meta-analysis [116, 117].
The commonly used statistic to test or identify heterogeneity is the
Cochran’s heterogeneity statistic — Cochran’s x? or Q-test. The ()—statistic
is expressed as: Q = > w;(y; — f1)?, which follows a x? distribution
with n — 1 degrees of freedom (df). Different methods have been de-
veloped to quantify heterogeneity across studies [113, 117]; notably,
72 (between-study variance) and I? (the percentage of total variation
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across studies that is due to heterogeneity rather than chance).

The 72 is estimated using the method of moments as:

7:2 — Q_df
Su- 5

If 72 = 0, which implies homogeneity across the true effects, and
the model reduces to fixed-effect model.

The I? is calculated as:

I? = (Q édf) x 100%.

The value of I? ranges from 0-100%; heterogeneity increases as 1>
increase [116, 117].

Random-effects meta-analysis

One approach to account for heterogeneity is fitting a random-effects
meta-analysis, where the effect sizes are assumed to differ from study
to study. Thus, the true effects in each study (¢’s) are assumed to be
a random sample from a distribution of effects. The random-effects
model for the observed effect y; in the i** study is thus given by:

yi="0i +ei

where u; is the between-study error, assumed to be normal with mean
0 and between-study variance 7> (u; ~ N(0,7°)); and &; ~ N(0,d;,).
The 0.s are assumed to be normal with ;. (the overall average) and 72

0; ~ N(u, 7%)).

To obtain an estimate for y, weighted mean is computed. The study
variance used to calculate the weight is composed of ¢;; and 72, and the
weight assigned to each study is w} =

_1
6§i+7'2
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The weighted mean (i*) is then computed as:

The variance of the summary effect is estimated as:

i (L)

i=1
Subgroup meta-analysis and meta-regression

In order to explore the observed heterogeneity (reasons why results
may differ systematically), one can conduct subgroup meta-analysis or
meta-regression by including study-level covariates (moderators) in the
model. Subgroup meta-analysis is mainly conducted as an exploratory
analysis and it facilitates comparison among categorical moderators,
such as a subset of participants (e.g., literate or illiterate, male or fe-
male) and a subset of studies (e.g., geographical classifications, study
quality). Meta-regression is an extension of subgroup meta-analysis;
it accounts for confounders and allows the investigation of both con-
tinuous and categorical moderators simultaneously [111, 113, 118].
The random-effects meta-regression (mixed-effects meta-regression) is
given by:

yi = 0; + ¢
0; = Bo + Bixin + ... + BpTin + U (2.5)

where z;; denotes the j* moderator variable for the i*" study; /s are
regression coefficients; and u; ~ N (0, 72) (here 72 denotes residual het-
erogeneity, variability among the true effects that is not accounted for
by the moderators included in the model), and &; ~ N(0, 6,).

Despite its strength in suggesting reasons for the observed hetero-
geneity, this type of analysis is prone to aggregation bias (bias resulting
from data aggregation) as the summary data of the participant’s char-
acteristics may not directly reflect the individual participant’s charac-
teristics. To circumvent this problem, the use of individual participant’s
data, if available, is advocated [111, 118]. However, due to difficulties
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of obtaining individual participant’s data from humanitarian organiza-

tions, this study is solely based on summary data.

Biases in meta-analysis

In a meta-analysis, biases can be introduced in several ways. The most
common biases are related to publication, study location, and the in-
clusion criteria [119]. Publication bias could occur as a result of either
some of the studies not being published or published studies report only
selected results. Positive findings are more likely to be published and
thus included in a meta-analysis than null findings, this leads to pub-
lication bias. Similarly, selective reporting of results of a study could
also lead to publication bias [119, 120]. Biases in the location of the
studies include a language bias, citation bias, and multiple publication
biases. Sometimes authors tend to publish positive findings in English-
language international journals and negative findings in local journals;
this, in turn, increases the chance of English language journals to ap-
pear more in a meta-analysis. Citation bias is apparent when reference
lists of other studies or reviews are being used to locate studies. Fur-
ther, journals in which the studies are published influence the choice of
studies to be included in a meta-analysis. Some studies may be pub-
lished more than once or are presented in different ways, which leads
to duplication of results thereby overestimating the effect sizes. Bias
could also be introduced while setting the inclusion criteria; for ex-
ample, manipulating the inclusion criteria to include only studies with
positive findings [119].

The small-scale surveys compiled in the CE-DAT are gathered from
several humanitarian organizations. CE-DAT is the most complete and
unique database of nutrition and mortality surveys from humanitarian
emergencies. Particularly, the majority of surveys conducted in Ethiopia
are reported and available in CE-DAT, given the strong collaboration of
CRED with humanitarian agencies operating in the country [68]. Fur-
ther, the majority of the surveys follow a standard survey methodology,
SMART, and all of them are reported in the English language. Prede-
fined and clear inclusion criteria were used to select surveys included in

the meta-analysis. It is inevitable to have biases in a meta-analysis, but
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we believe that the surveys included in our meta-analysis have minimal

bias due to the aforementioned reasons.

Bayesian meta-analysis

The application of a Bayesian approach for meta-analysis in health-
care research has been gaining popularity in recent times. Sutton and
Abrams summarized the benefits of a Bayesian approach to meta-analysis
over the classical approach as follows: evidence from a variety of sources
can be included in the model; predictive statements can easily be made
based on the current state of knowledge; similar units of analysis bor-
row strength from other units to estimate effects; probability state-
ments can be made directly to the variable of interest; and all param-
eter uncertainties are taken into account in the analysis. Furthermore,
the use of prior information can reduce the chance of confounding, im-
prove efficiency, limit bias in estimating parameters, and provide an

acceptable basis for evidence synthesis [111].

The random-effects meta-analysis can be modeled in a Bayesian
framework by assigning prior distributions for the unknown parame-
ters. The observed effect y; in the i*" study is given by

yi="0i +ei
0 = p+u; (2.6)

where 0!s are the true effects, §; ~ N(0,72) (u is the overall average
and 72 is the between-study variance). As we have aggregated large
number of studies in our meta-analysis, the choice of the prior infor-
mation may not have a substantial impact on the posterior inference.
Thus, the posterior results are predominantly based on the data. The
noninformative priors used are: normal prior with large variance for
the overall average parameter, . ~ N(0,10°%); and inverse-gamma prior
for the precision parameter, 72 ~ inverse — gamma(1073,1073).
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A Bayesian random-effects meta-analysis can be extended to a Bayesian

meta-regression or mixed-effects regression as

yi =0 + &
0; = Bo+ Prxin + ... + BuTin + u; 2.7)

where the regression coefficients /3/s assigned noninformative normal
priors with large variance, 3; ~ N(0,10°), and the precision parameter

72 assigned 72 ~ inverse — gamma(1073,1073).

2.3.3 Multilevel or hierarchical models

We used multilevel analysis in Chapter 5. Multilevel analysis (hier-
archical modeling) provides objective basis to investigate the effects
of micro-level of individuals and macro-level of groups simultaneously,
with the notion that individuals may be influenced by their groups or
contexts. It has been widely used in the fields of education, sociology,
demography and recently in public health. The community-, ecological-
, or group-level determinants of health and the interaction of individ-
uals within their community or groups are relevant to understand the
distribution of health outcomes [121]. Moreover, data gathered from
social, medical and biological sciences mainly lend itself to hierarchi-
cal structures. For example, in a household surveys, individuals are
nested within their households; the households, in turn, are nested
within their communities; and the communities, in turn, are nested
within their next higher groupings, etc. In general, units at one level
are grouped or nested within units at the next higher level [122].

Ignoring the hierarchical or group level structure in the dataset
weakens the validity of the statistical inference. Often, individuals
within a cluster share similar characteristics or exposed to the same
external factors. Thus, the individual’s outcomes within a group (clus-
ter) tend to be more similar than outcomes taken from other groups
(i.e., correlated). This violates the assumption of independence of ob-
servations; results in incorrect standard error estimates (standard er-
rors are underestimated) and eventually incorrect inference, often lead-
ing to statistically significant results. Therefore, multilevel analysis,
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unlike the classical single-level modeling, acknowledges the hierarchi-
cal structure and allows the simultaneous investigation of group- and
individual-level effects by taking into account the correlation of obser-
vations within groups. Moreover, it recognizes the interdependence of
groups or contexts themselves and examines both inter-individual and
inter-group variations as well as the contributions of individual- and
group-level variables to these variations [121-123].

The statistical modeling

Multilevel models are generalizations of regression methods. In this
thesis (Chapter 5), a multilevel model involving two levels (e.g., in-
dividual women (level-1) nested within their communities or clusters
(level-2)) was implemented. A two-level model can be given in a
two-stage system of equations: individual- and group-level equations.
The individual-level equation models the individual variations in each
group, whereas the group-level equation models the variation across
the groups. We fitted a multilevel model for multinomial (proportion)
data, specifically two-level multinomial logistic regression models.

Suppose that a dataset consists of J (j = 1, ..., J) independent clus-
ters (level-2 units) and the j** cluster consists of n; individuals (level-1
units). Let y;; denotes the it" individual (i = 1, ..., n;) response in the
4" cluster, where this response is from one of the r (r = 1, ..., R) distinct
categories, and let the category r = 1 is taken as a reference category.
Further, z}; denotes a column vector of p covariates for the it" individ-
ual in the j' cluster. The random intercept multinomial logistic model

is given by:

(r)
T
zog( Zd)) = 8y + BVl +ul),  r=2,..,R (2.8)

ij

where 7T7,(;) = P(y;; = r) are the probability of being in category r; 6(@
are constant terms; ) = (8", ..., 35’Y". Both 8" and ) are consid-

ered to be fixed effects. The R — 1 random effects uy") = (ugj, ..., urj)’
are assumed to follow a multivariate normal distribution with mean 0

and covariance matrix €2, where
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Ou2
Uu23 0u3
Q, =
2
Ouw2R Ou3R --- OuR

The o2, measures the cluster-level variances on the odds of being
in response category r rather than the reference category 1 (e.g., o2,
> 0 indicates the presence of unmeasured cluster-level factors), while
the covariances (the off-diagonal terms in €2,,) measures the correlation
between the cluster-level factors of the different response categories.

From model (2.8), we can calculate the predicted probability of re-
sponse outcome r for individual 7 in cluster j as
exp(B7) + B0 4 4
(r) P\Po Ty + ;)

71 = g
! 1+ Zf;Q exp(ﬁ(()l) + ﬁ(l)ﬂ:;j + ﬁ(-l))

(2.9)

where 3", 3™ and aﬁ“ are sample estimates of 3", 3™ and ug-r). The
probability of the reference category wfjl ) is calculated by subtracting
the sum of the response probabilities of all other categories from 1 (i.e.,
~(1 R ~(1

ﬂ-z(j) =1+>5 Trz(j))'

To assess how well the model fit the data, the Deviance Informa-
tion Criterion (DIC) diagnosis was used. For multinomial models, the
formula is

R

D=-2>""[I(y; =r)m")] (2.10)
i r=1
where /() is an indicator function which returns 1 if the condition is
satisfied (i.e., if individual 7 belongs to category r); and frf” is the pre-
dicted probability of being in category r for individual ;. We finally fit-
ted the multilevel multinomial logistic regression models in a Bayesian
framework.

We used several statistical and Geographic Information Systems (GIS)
software packages for data extraction, analysis, and mapping; notably,
R, STATA, MLwiN, WinBUGS, QGIS and ArcGIS were used.
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Chapter 3

Are Droughts Bigger Drivers of
Child Undernutrition than
Conflicts in Ethiopia? Testing
the Power of Small-scale
Surveys

This chapter is adapted from:

Tefera Darge Delbiso, Jose Manuel Rodriguez-Llanes, Anne-Francoise
Donneau, Niko Speybroeck, Debarati Guha-Sapir: "Drought, conflict
and children’s undernutrition in Ethiopia 2000-2013: a meta-analysis."
Bulletin of the World Health Organization 02/2017; 95(2):94-102.
http://www.who.int/bulletin/volumes/95/2/16-172700


http://www.who.int/bulletin/volumes/95/2/16-172700

60

Abstract

Background: Child undernutrition remains an important public health
challenge in Ethiopia. The problem is worse in the emergency pockets
within the country where climate shocks and conflicts exacerbate food in-
security. Against this backdrop, our aim was to estimate the burden of
acute malnutrition among children aged 6-59 months and to investigate
the effects of drought and conflict on acute malnutrition in crisis-affected
areas in Ethiopia.

Methods: We searched the Complex Emergency Database for nutrition
surveys carried out in Ethiopia over the period 2000-2013. We extracted
data on the prevalence of wasting (weight-for-height z-scores below -2)
among children aged 6-59 months for regions of Ethiopia. Data on
any conflict events (irrespective of magnitude or impact) and episodes of
seasonal drought affecting the survey areas were extracted from publicly
available data sources. Random-effects Bayesian meta-analysis was used

to synthesize the evidence from 231 small-scale surveys.

Results: From the total sample of 175,607 children analyzed, the pooled
number of children wasted was 21,709. The posterior median prevalence
of wasting was 11.0% (95% credible interval, Crl: 10.3-11.7) over the
14-year period. Compared with areas unaffected by drought, the esti-
mated prevalence of wasting was higher in areas affected by moderate lev-
els of drought (posterior odds ratio, OR: 1.34; 95% Crl: 1.05-1.72) but
similar in severe drought-affected areas (OR: 0.96; 95% CrI: 0.68-1.35).
Although the pooled prevalence of wasting was higher in conflict-affected
than unaffected areas, the difference was not plausible (OR: 1.02; 95%
Crl: 0.82-1.26).

Conclusions: Despite an overall declining trend, a wasting problem per-
sists among children in Ethiopia. Conflict events did not have a major
impact on childhood wasting. Nutrition interventions should go beyond
severe drought-prone areas to incorporate areas where moderate droughts

occur.
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3.1 Introduction

Since 1990, considerable progress has been made towards improving
child health in the world [5, 6]. Nonetheless, worldwide 52 million
children younger than five years had acute malnutrition [5] and 5.6
million children died in 2016 [6]. The burden is particularly heavy in
Africa, where conflict, political fragility and drought are more prevalent
[23]. These events affect food security and nutrition by limiting food
accessibility, impacting health services and disturbing the care structure
within the society [9, 124]. Several studies have documented the neg-
ative effect of conflict [29, 50, 124-127] and drought [29, 66] on child
health and nutrition.

Ethiopia has been affected by drought and starvation on a large
scale since the mid-1980s. Untimely, abnormally low and infrequent
rainfall has been increasing the frequency and impact of droughts in
recent years [128]. Drought is the most complex and detrimental nat-
ural hazard and has a substantial impact in countries, such as Ethiopia,
where the economy and livelihood are predominantly dependent on
subsistence rain-fed agriculture [128]. The country has also experi-
enced several conflicts, both within the country and with neighbour-
ing states, particularly Eritrea and Somalia [129]. Nevertheless, in
the decade 2000-2011, the country showed improvements in key eco-
nomic and development indicators [130, 131] and in 2014 Ethiopia
was on track to achieve six of the eight MDGs [81]. Yet child un-
dernutrition is still a concern, with an estimated 4,819,770 (40%) of
the child population of 12,049,424 being stunted and about 1,084,448
(9%) being wasted in 2014 [132]. According to the Cost of Hunger
in Africa study [133], undernutrition in Ethiopia was responsible for
an estimated 378,591 child deaths in 2005-2009 (28% of all child
deaths), 152,488 primary school repititions in 2009 (16% of all repiti-
tions), an estimated cost of 4.7 billion USD in 2009 (16.5% of the coun-
try’s GDP) and an absent of 3.2 million people of working age due to
undernutrition-induced child mortality in 2009 alone (8% reduction in
the total workforce). The problem of undernutrition is worse in crisis-
affected areas within the country, where food insecurity is heightened
due to climate shocks and conflicts [59, 125].
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Although several small-scale surveys have been conducted by hu-
manitarian organizations in crisis-affected areas, we only found one
study which investigated the associations among child undernutrition,
conflict and variability in the general ecosystem in East Africa includ-
ing Ethiopia [127]. Wasting reflects recent weight loss and has been
shown to be a good predictor of child mortality [55]. Consequently, it
is a preferred index of nutritional status in humanitarian emergencies
and a proxy indicator for the general health and welfare of the entire
population [124, 134]. Thus, examining the effects of drought and
conflict on the prevalence of wasting in children would provide knowl-
edge to guide intervention strategies. Moreover, generated estimates
could be a useful baseline for future surveys in crisis-affected areas.
We sought to provide summary estimates of the prevalence of wast-
ing among children aged 6-59 months, and investigate the effects of
drought and conflict on the prevalence of childhood wasting in regions
of Ethiopia which had sufficient data available.

3.2 Data and Methods

We extracted all the data from publically available databases (Table
3.1).

3.2.1 Nutrition data

First, we searched the CE-DAT for all nutrition surveys carried out in
Ethiopia from 1 January 2000 to 31 December 2013. CE-DAT compiles
data on commonly used health indicators (e.g. nutrition, vaccination
and mortality) from small-scale surveys conducted in areas affected by
complex emergencies [68, 73]. The Emergency Nutrition Coordination
Unit (ENCU) of Ethiopia , a government department, leads the coor-
dination and quality assurance of the surveys in the field [135], while
the CE-DAT team validates the surveys before entering the results in the
database using the completeness checklist ([68, 73], Appendix A).

Initially, we identified 406 small-scale nutrition surveys. We ex-
cluded duplicate studies; studies with non-probabilistic sampling de-
sign or unreported sample size; and studies of refugees, internally



63

s[ewnol pamaraai-19ad

s119dxs [euoId paysigqnd pue yiesy

-91 pue SJUWNI0P OHN elep 21Nl JO  SIMISIUTW  SOHN

pue Aousde [euoneUn[NW -erodwo) pue uoneldmaid SUOHDNMINSUL  JIWSPEIR
pue [euoneuriur :syiod sy1oda1 OON pue Aduade  A[yiuouwr 3ulsn ddue[eq I9JeM  (SIISND AIUNOd  (SID $92IN0S
-9I [DIedsal pue BIPIJAl UeLBJIUBWINY :S110do1 BIPIJAl OUBWI UO paseq paje[nd[e) -Uade N[ WOIJ SASAING ele(

(ST0Z 19903120) (S10Z 19901 $99139p §°( JO UONIN[OSAI

SJUSAD JUS[OIA +(98TT -20) SIUIAD WIJFUOd +00000T [ereds ele 9qo[3 a3 Jo [4dS SAQAINS 60EE ordures
BISY ISBY pue BISY soul  93eIdA0d
BOLIJY Ul SOLIUNOD +GE PUB BILY Ul SILIUNOD +(9 [eqo[D -unod 3urdo[aadp +0§ eneds
a3e1a
—Ov61 —L661 —0S61 €102-000C -A0O ouWll,

sopuadIows x9[d

-wod AQq po1ddjje seale

woJj SIOIedIpUl UOIBUID

90UI[OIA PIZIUB3IO ooeds pue 2dfy soposids 1y3noip -dea pue Ajjeyowr ‘(3ur
Uuo 19S Elep poaduald  quade ‘Own Aq pajedaiddesip  Jo Ju9lXo [eneds pue uon  -ljunis pue 3unsem pooy pand
-J91093 POSBQ-JUSAY  ‘BIBP JUDAD DUI[OIA [BIDI[Od -BINp ‘Opmyiudewl 4Jisuaiu] -pliys>  °39) uonLuny -wod eie(
/es-nn-dpon//:dajy Jwoo-esepperoe-mmm//:diay /teds/se-orso-oes//:diay /29 2eped//:daay ISAIM

[101 ‘86] Sutio3uoy

[¥01] ddDN [€0T] AATOV 1y3noIq reqord I4ds [€4 ‘89] Iva-4D 9[qELIEA

€102-000% ‘erdoryiy uryiim sease pajodjje-sIsLId ul 3urnsem jo adudeadad
93 U0 IDIJuod pue IYSNoIp Jo S1I9JJ2 Y3 JO SISA[eUR dY) Ul PIsn Saseqeiep 9yl JO SONSLIdIdRIRYD A ¢ T19V]


http://cedat.be/
http://sac.csic.es/spei/
http://www.acleddata.com/
http://ucdp.uu.se/

64

displaced persons, returnees (displaced persons who have returned
to their place of origin or habitual residence) or mixed populations
(refugees, internally displaced persons, and residents living together).
Based on our inclusion criteria, we used data from 231 surveys (Figure
3.1).

CE-DAT nutrition surveys in
Ethiopia reporting wasting in
children aged 6—-59 months
(n=406)

90 surveys in refugees, IDPs, returnees or
mixed populations excluded because
characteristics of populations differ from
permanent residents

A

Surveys of permanent residents
(n=316)

37 surveys with non-probabilistic sampling
design excluded

A 4

Surveys used probabilistic
sampling methods (n =279)

48 surveys excluded because surveys were
duplicates or sample size not reported

A 4

Surveys included in the meta-
analysis (7 =231)

FIGURE 3.1: Flowchart of small-scale surveys in

Ethiopia (2000-2013) included in the meta-analysis.

CE-DAT: Complex Emergency Database. IDP: Internally
Displaced Persons.

From these surveys, we extracted data on the prevalence of wast-
ing. Wasting was calculated from weight and height measurements of
children aged 6-59 months to produce weight-for-height z-scores. A z-
score index below -2 is a sign of acute undernutrition and is defined as
wasting [90]. The prevalence of wasting in the surveys was reported in
relation to the NCHS reference population or the 2006 WHO standard.
To obtain comparable data over time, we converted estimates based on
the NCHS standard into the WHO standard using a conversion algo-
rithm [92]. For each survey, we also extracted data on sample size, the
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date when the survey commenced, the administrative area names and
the centroid GPS (Geographic Coordinate System) coordinates of the
study location.

3.2.2 Conflict events data

We compiled data on any conflict events affecting each survey loca-
tion. We used two sources: the ACLED and the UCDP Armed Con-
flict Dataset (Table 3.1). ACLED contains georeferenced data on po-
litical violence and protests [103], while UCDP provides information
on armed conflicts in which the use of armed force between two par-
ties (at least one of which is the government of a state) results in at
least 25 battle-related deaths in a year [104]. Both ACLED and UCDP
data are assembled from various primary and secondary sources (e.g.,
online databases, print media and reports from NGOs, and regional ex-
perts) and then aggregated, coded and cross-checked by experienced
researchers to assure consistency, accuracy and compatibility with the
inclusion criteria [103, 104] (more detail in Chapter 2 Section 2.2.4).
We combined the two data sets in order to capture all conflict events
occurring over the study period. We considered conflict events irre-
spective of their magnitude or impact, to accommodate smaller con-
flicts which might have an impact on the livelihood of the population.
We created a binary variable to indicate the occurrence of a conflict
event (yes/no) in a given location within six months before the survey
starting date. The 6-month period was chosen with the assumption that
the effects of conflicts may not stay longer than 6-months as the country
has been in a relative peace over the study period. Finally, we extracted
the specific locations of the conflict events and matched them with the
wasting data from CE-DAT in the same GPS location (the centroid) as
each survey.
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3.2.3 Drought episodes data

We also compiled data on episodes of drought affecting each survey lo-
cation. We extracted the data from the Global Drought Monitor database.
The database provides real-time information about drought conditions
at the global scale with a spatial resolution of 0.5° (about 50 km) and
a monthly time resolution (Table 3.1). We used the standardized pre-
cipitation evapotranspiration index, which is a multi-scalar index used
to quantify the precipitation deficit over time and space for different
timescales. The index enables identification of the severity of droughts,
which is vital information for assessing different responses needed to
drought [98, 101] (more detail in Chapter 2 Section 2.2.2). We used
the 3-month index, which is a short-term or seasonal drought index
[101], as wasting is mainly the result of sudden or recent weight loss
due to short-term shocks, such as drought. Moreover, the 3-month
index better captures drought events affecting agriculture [98, 101].
Thus, the short-term effect of drought on childhood wasting over the
preceding three months of a survey could be adequately captured. Pos-
itive index values indicate a wet period while negative values indicate
a dry period [101].

We categorized the index values as: no drought (value > 0), mild
drought (-1 < value < 0), moderate drought (-1.5 < value < -1) and
severe to extreme drought (severe drought hereafter) (value < -1.5)
[136]. The drought episodes at specific locations in a given period
were matched with the wasting data from CE-DAT in the same month
and GPS location as each survey.

3.2.4 Statistical analysis

We identified and measured heterogeneity between the surveys using
two statistical methods: the between-survey variance (72) and the per-
centage of variability in effect size due to heterogeneity (I?) [116].
We then fitted a random effects meta-analysis to address the hetero-
geneity. To explain the heterogeneity, we further fitted meta-analysis
of subgroups and random-effects meta-regression by including study-
level covariates (moderators): conflict events, drought episodes, survey
years and regions (more detail in Chapter 2 Section 2.3.2). We also
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tested the interaction effect to assess whether the association between
drought and wasting varied by conflict status.

We used a Bayesian approach for meta-analysis to accommodate
all parameter uncertainties in the model and to borrow strength from
other surveys to improve parameter estimation [111]. As we had com-
piled a large number of surveys, each of which had a substantial sam-
ple size, we wanted our posterior inference to reflect the information
in our data set without being influenced by the choice of prior distribu-
tion. Consequently, we assigned non-informative prior distributions for
the model parameters.

The number of wasted children in a survey, r; (i = 1,...,231), was
modelled using a binomial distribution: r; ~ binomial (p;, n;), where
p; is the prevalence of wasting in survey ¢ and considered as a random
variable and n; is sample size of survey i. The logit-transformed preva-
lence was assumed to follows a normal distribution: logit(p;) = p; and
p; ~ normal (u,72), where u was the estimated common prevalence
and 72 was the between-survey variance. The meta-regression model
was then formulated by extending the above model to include moder-
ators x; and is given by logit(p;) = p; + Sz;, where f is the slope coef-
ficient. Then non-informative priors were assigned to the parameters:
u; ~ normal(0, 10%), S ~ normal(0, 10°), and 7 ~ gamma(10~3,1073).
We run the chain for 100,000 iterations with a burn-in length of 10,000
iterations to ensure convergence of Markov chain. The convergence
was assessed by visual inspection of the trace plots and autocorrelation
plots [105].

We report the posterior median estimates of the prevalence of wast-
ing as percentages and the odds ratios (OR) with 95% credible intervals
(CrD). Results were judged to be statistically significant (plausible) if the
95% CrI do not overlap 1.0. The statistical analyses were conducted us-
ing WinBugs software version 14 (MRC Biostatistics Unit, Cambridge,
UK). We used the metafor package [112] from the R statistical software
[137] to construct the forest plots.
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3.3 Results

3.3.1 Survey locations

Figure 3.2 presents the geographic distribution of the surveys included
in the analysis. The surveys covered seven of the eleven Ethiopian ad-
ministrative regions. Most of the surveys were from the three largely
populated administrative regions: Oromia (75; 32.5%), SNNP (66;
28.6%), and Amhara (50; 21.6%). Further details of the surveys are
available in the Appendix B.
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FIGURE 3.2: The number of CE-DAT surveys (n=231)
included in the meta-analysis by woredas and regions
of Ethiopia, 2000-2013.

3.3.2 Summary of the survey characteristics

Figure 3.3 presents a summary of the characteristics of the surveys.
A total of 231 small-scale surveys estimating wasting in a sample of
175,607 children aged 6-59 months over the 14-year period were used
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in the analysis. The sample sizes ranged from 300-1227 children per

survey. The dates of the surveys were distributed as follows: 67 (29.0%)
were conducted between 2000 and 2004, 97 (42.0%) between 2005
and 2009, and 67 (29.0%) between 2010 and 2013 (Figure 3.3).

No. of No. of sampled No. of wasted Prevalence of

Subgroups surveys children (range) children (range) wasting (95% Crl)
Conflict events .
Affected 26 20259 [451-980] 2662 [16 -217] ] 1211 9.9,147]
Not affected 205 155348 [ 300 -1227] 19047 [ 7 - 419] - 10.8[10.1,11.6]

Heterogeneity: 12 = 0.33;95% Crl: 0.27; 0.41 E
Drought episodes E
No drought 99 76312 [442-1052] 8576 [ 7 - 222] L 10.0[ 9.0,11.1]
Mild drought 104 79389 [300-1227] 10331[17 - 419] EH 11.7[10.5,129]
Moderate drought 18 13323 [520-960 1 2070 [26 - 326] et 13.1[10.3,16.4]
Severe drought 10 6583 [513-914] 732 [28 - 144] [oentne-| 10.6[ 76,146]

Heterogeneity: t2 =0.32;95% Crl: 0.27, 0.40 .
Administrative regions E
Afar 14 11651 [513-996 1 1706 [58 - 203] N 143[12.3,165]
Amhara 50 36798 [434-1227] 4677 [28 - 175] L 12.4[11.4,133]
Benishangul-Gumz 2 1110 [520-590] 163 [74 - 89] I 1 147[3.2,475]
Dire Dawa 2 1036 [510-526 ] 130 [63 - 67] | ——— 12.5[ 6.6,22.3]
Oromia 75 55792 [459-9801 5794 [17 - 199] b:' 9.7[ 89,106]
Somali 22 17991 [300-974] 3891 [86 - 326] H |-emaon- 215[18.1,25.2]
SNNP 66 51220 [438-1033] 5348 [ 7 -419] g 84[71,99]

Heterogeneity: .[2 =0.24; 95% Crl: 0.19; 0.29 N
Survey years E
2000 - 2004 67 60343 [300-1227] 8679 [34 - 419] E ] 13.3[11.6,152]
2005 - 2009 97 74243 [434-996 ] 8933 [ 7 -230] ] 10.8[ 9.7,11.9]
2010 - 2013 67 41021 [438-929] 4097 [17 - 144] L] 9.3[ 84,10.3]

Heterogeneity: 2 =0.31;95% Crl: 0.26; 0.38 .
Overall 231 175607 [ 300 -1227] 21709[ 7 - 419] IF 11.0[10.3,11.7]

Heterogeneity: 2 = 0.33; 95% Crl: 0.27; 0.41 H

12 =952%; 95% Crl: 94.3,96.0
r T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0

Prevalence of wasting

FIGURE 3.3: Summary of the pooled prevalence
of wasting among children 6-59-month-old from
213 surveys in crisis-affected areas within Ethiopia,
2000-2013. Wasting was defined as weight-for-height
z-scores below -2, standardized to WHO reference [92].
Prevalence was the posterior median estimates of wast-
ing, expressed as percentages of the number of children
in each category, with their 95% Crl. Conflict events
were occurrence of a conflict in a given location within
six months of the survey starting date, irrespective of
magnitude or impact. Data from the ACLED [103] and
the UCDP [104] were combined into a binary variable.
Drought episodes in a given location were based on the
3-month SPEI from the Global Drought Monitor database
[98]: no drought (SPEI > 0), mild drought (-1 < SPEI
< 0), moderate drought (-1.5 < SPEI < -1) and severe
drought (SPEI < -1.5). Crl: credible interval.
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We ascertained that 26 (11.3%) of the surveys, involving a pooled
number of 20,259 children, were conducted in areas affected by some
kind of conflict in the six months before the surveys; 155,348 children
lived in areas where no conflicts were recorded. 132 (57.1%) of the sur-
veys were from areas affected by mild to extreme drought three months
before the survey implementation month. The pooled numbers of chil-
dren affected by mild drought were 79,389, moderate drought 13,323,
and severe drought 6583; a total of 76,312 children were living in areas
where no episodes of drought were recorded. Overall, a total of 21,709
children were affected by wasting and the estimated pooled prevalence
from the 231 surveys was 11.0% (95% Crl: 10.2-11.7). Moreover, 143
of the surveys (61.9%) reported a wasting prevalence of greater than
10%. The heterogeneity statistic (7% = 0.33) and (I? = 95.2%) showed
a large variability across the surveys compiled (Figure 3.3).

25

o
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=)

Prevalence of wasting (95% Crl)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
14; 6; 12; 27 8; 18; 20; 13; 14 32; 32; 15; 6; 14;
11404 5512 10849 25226 7352 17038 17927 8478 9236 21564 19942 9196 3317 8566
Year

No. surveys;
Sample size

FIGURE 3.4: Trends in the prevalence of wasting
among children 6-59-month-old from 213 surveys
in crisis-affected areas within Ethiopia, 2000-2013.
Wasting was defined as weight-for-height z-scores below
-2, standardized to WHO criteria [92]. Prevalence was
the posterior median estimates of wasting, expressed as
percentages of the number of children in each year. The
smoothed line is the local polynomial regression fit and
the shaded region is its 95% confidence interval. Crl:
credible interval.
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The highest regional prevalence was observed in Somali region (21.5%),

where a total of 3891 children were affected by wasting, and the low-
est was in SNNP region (8.4%; 5348 children). The pooled prevalence
of wasting was estimated to be 13.1% among children living in areas
affected by moderate drought (a pooled total of 2070 children) and
this was higher than in areas with no drought (10.0%; 8576 children).
In areas affected by severe drought, the estimated prevalence of wast-
ing was similar (10.6%; 732 children) to that in areas unaffected by
drought. The estimated prevalence of wasting was 12.1% (a pooled
total of 2662 children) in conflict-affected areas and 10.8% in areas
unaffected by conflict (19,047 children) (Figure 3.3). The estimated
prevalence of wasting decreased steadily over the study period from
19.1% (2233 children) in 2000 to 8.5% (817 children) in 2013 (Figure
3.4); or from 13.3% in the 2000-04 to 9.3% in 2010-13 (Figure 3.3).

3.3.3 Meta-regression analysis

In survey areas affected by moderate drought the odds of the preva-
lence of wasting were higher than in areas unaffected by drought (OR:
1.34; 95% Crl: 1.05-1.72; Table 3.2), whereas in areas affected by se-
vere drought there was no difference compared with unaffected areas
(OR: 0.96; 95% Crl: 0.68-1.35). Conflict in the survey area had no
plausible effect on the odds of the prevalence of wasting (OR: 1.02;
Crl: 0.82-1.26). A one-year increase in the survey period reduced the
odds of the prevalence of wasting by 4% (OR: 0.96; 95% Crl: 0.94-
0.98) (Table 3.2). We reported the model without interaction, as the
interaction between drought and conflict was found to be implausible.
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TABLE 3.2: Results of meta-regression from 213 sur-

veys of the prevalence of wasting among children

aged 6-59 months in crisis-affected areas within
Ethiopia, 2000-2013.

Category Posterior OR (95% CrI)
Conflict events affecting survey area”

No Ref.

Yes 1.02 (0.82-1.26)
Drought episodes affecting survey area’

None Ref.

Mild 1.04 (0.91-1.19)
Moderate 1.34 (1.05-1.72)
Severe 0.96 (0.68-1.35)
Survey year® 0.96 (0.94-0.98)
Administrative region of survey

Afar 1.51 (1.15-2.00)
Ambhara 1.29 (1.08-1.54)
Benishangul-Gumz 1.61 (0.80-3.26)
Dire Dawa 1.53 (0.75-3.13)
Oromia Ref.
Somali 2.21 (1.74-2.81)
Southern, Nations and Nationalities People’s 0.82 (0.69-0.97)

OR: odds ratio; Crl: credible interval; Ref.: reference group.

“ Conflict events were occurrence of a conflict in a given location within
six months of the survey starting date, irrespective of magnitude or
impact.

> Drought episodes in a given location were based on the 3-month SPEL.
¢ For a one-year increase in the survey period.

Note: Data were estimated from a pooled sample of 175,607 children.
See Figure 3.3 for the number of surveys, samples sizes, numbers of
children affected and prevalence of wasting by category. Wasting was
defined as weight-for-height z-scores below -2.
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3.4 Discussion

Here we present estimates of the prevalence of childhood wasting in
crisis-affected areas within Ethiopia, using pooled data from 231 small-
scale surveys. We used a Bayesian approach to meta-analysis to im-
prove estimates by taking into account all parameter uncertainties and
borrowing strength from all available surveys. Overall, the pooled
prevalence of wasting was 11.0% and showed a decreasing trend over
the 14-year period covered in the meta-analysis. In nearly 62% of the
surveys the prevalence of wasting exceeded WHO’s 10% threshold for
an emergency response, an indication of a serious concern for child
nutrition [134]. In the meta-regression analysis, we also showed that
moderate drought-affected areas had a higher prevalence of wasting
than areas unaffected by drought. Conflict in an area, however, was
not associated with wasting.

Three results are worth highlighting. First, the prevalence of wast-
ing declined over the period of the study. Economic growth in a country
alleviates poverty thereby reducing the risk of hunger and malnutrition
[9]. In the decade 2000-11, Ethiopia’s average GDP grew by over 10%
annually [130] and the population living below the national poverty
line declined from 44% in 2000 to 30% in 2011 [131]. Therefore,
population below the minimum dietary energy consumption dropped
from 41.9% in 2000 to 33.6% in 2011 [81]. The country achieved the
MDG target of reducing extreme hunger by half [9]. Ethiopia launched
a national nutrition strategy in 2008 with the aim of improving food
and nutrition security. The different programmes that are in place to
improve nutrition practices [132] — including health education, provi-
sion of micronutrients and treatment of malnourished children — could
explain the declining trend of childhood wasting found in our study.
Despite these improvements in development and a commitment and
investment in nutrition interventions in Ethiopia, we found that the
prevalence of wasting in crisis-affected areas was high. In particular,
Somali, Afar and Amhara regions had higher prevalence than other ar-
eas. This could be due to the higher food insecurity problems in parts
of the regions as a result of recurrent droughts and land degradation
[59].
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Second, although the link between drought and nutrition is well
recognized, it is often indirect and complex. The quality and quantity
of nutrient intake is affected by reduced food production as a result
of drought [66]. Our results showed that the prevalence of wasting
was 34% higher in areas affected by moderate drought relative to non-
affected areas, whereas no such difference was observed in areas af-
fected by severe drought. In 2005, the Ethiopian government, in col-
laboration with partner organizations, launched the Productive Safety
Net Programme (PSNP). The programme aimed to ensure food sup-
plies to chronically food-insecure areas that are highly vulnerable to
climate shocks [138]. Hence, areas affected by severe drought are more
likely to benefit from the programme and this might explain why no ef-
fect on wasting was seen in these areas. Furthermore, the country’s
early warning system [139] and other humanitarian activities, which
targets the areas affected by severe drought, may also help mitigate
the impact of severe droughts. Our results underscore the need for in-
terventions to go beyond predefined severe drought-prone areas, with
strengthening of early warning systems and intervention programmes
to benefit people living in moderate drought-prone areas too. On the
other hand, if we hypothesize that there is a potentially high mortality
among children in areas affected by severe drought, survival bias might
explain the similar prevalence of wasting in severe drought-affected ar-
eas and unaffected areas. This assumption is corroborated by a study
that found drought-affected areas experienced higher child mortality
in the 2002-03 drought in Ethiopia [140]. Unfortunately, the mortal-
ity and cause of death data in the studied surveys were not detailed
enough to test our assumptions and to provide a more holistic view of
the drought impact on mortality.

Third, conflict and a high prevalence of acute undernutrition are
reported to be associated [141]. Conflict triggers food insecurity and
affects nutrition through disrupting crop production; destroying food
stores and livestock; forcing people to eat food with lower nutritional
value; affecting market food supply and price inflation; pushing people
to live in unhealthy environments; impacting health services; and af-
fecting productivity and family care structures [9, 124, 142]. However,
in our meta-analysis, we found no evidence of a difference between
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the prevalence of wasting in areas affected and unaffected by conflict.
The effect of conflict on livelihood and nutrition depends on the nature,
magnitude and duration of the conflict [142]. In our study, most of the
conflict events which occurred during the specified time period were
short-lived (mostly one day) and of low magnitude (mainly no fatali-
ties). They may therefore not have had a major impact on the nutrition
situation of the community in general and children in particular. Our
finding is supported by previous studies [127, 143], which found no
association between the prevalence of wasting and exposure to conflict
events.

Our study had limitations. First, we compiled surveys that were
conducted by different organizations for practical and operational pur-
poses; hence the survey results are rarely peer-reviewed, and sharing
or publication bias cannot be ruled out [68, 73]. However, most of
the surveys used standardized methods, the SMART methodology [96].
Furthermore, CE-DAT is a unique and well-established data source for
nutrition and mortality indicators in humanitarian emergencies [68,
73]. Second, while the assessment of CE-DAT coverage is a future area
for improvement of the database [68, 73], the surveys are representa-
tive of small geographical areas, a key characteristic to ascertain the
small-scale impact of drought and conflict on nutrition. Third, po-
tential underlying determinants (e.g. coping strategies, diseases and
food and non-food interventions) [141] which could explain part of
the observed variability are not available in CE-DAT. Fourth, the loca-
tions for conducting the surveys were likely influenced by suspicions of
higher levels of undernutrition. However, our aim here was not to as-
sess malnutrition levels in the country but in crisis-affected areas within
Ethiopia. Fifth, the ACLED and UCDP databases mainly collect conflict
event data from the media, online journals and NGO’s reports [103,
104]. These could introduce reporting bias (selective reporting or omis-
sions) for political or other reasons. To reduce the bias, we combined
the two databases and also considered only the occurrence of conflict,
as data on the impact of conflicts (e.g. deaths) are more likely to suffer
from reporting bias from different organizations. Although these lim-
itations constrain our study’s ability to fully explain the links between
drought or conflict and nutrition, the findings still provide evidence to
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support policies and programmes designed to mitigate the health ef-
fects of drought and conflict.

3.5 Conclusions

The pooled prevalence indicates a persistent childhood wasting prob-
lem in Ethiopia. Therefore, national nutrition strategies should target
areas of persistent undernutrition. Although areas affected by severe
drought must remain a national priority for specific targeted actions,
nutrition policy should consider interventions that go beyond the pre-
defined severe drought-prone areas and incorporate areas where mod-
erate droughts occur.
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Chapter 4

Droughts and Child Mortality in
Ethiopia: Can Small-scale
Surveys Tell us More About the
Mitigation Efforts?

This chapter is adapted from:
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Abstract

Background: Despite the intuitive connection between drought and mor-
tality, we still lack a sound quantitative synthesis of evidence drawn from
the available data. In this study, we estimated the pooled U5SDR and as-
sessed the effect of drought on child deaths in Ethiopia.

Methods: Small-scale mortality surveys were searched from the Complex
Emergency Database and then aggregated spatially and temporally with
drought exposure data from the Global Drought Monitor and food insecu-
rity data from the Famine Early Warning Systems Network. A Bayesian
Poisson meta-analysis was performed on 88 surveys conducted in Ethiopia
between 2009 and 2014, consisting of 55,219 under-five children.

Results: The pooled USDR was estimated at 0.323/10,000/day (95%
credible interval, Crl: 0.254-0.397), which is below both the emergency
and the baseline death rate thresholds of sub-Saharan Africa. This find-
ing was still robust when we exclude surveys with zero death counts. We
failed to find a plausible association between drought and USDR. However;
minimal food-insecure areas showed elevated USDR compared to stressed
food-insecure areas. Furthermore, the USDR increases as the prevalence

of acute malnutrition increases.

Conclusions: Targeted interventions to improve the underlying causes of
child malnutrition are crucial. Further, revising and updating the exist-
ing mortality thresholds, both the baseline and the emergency, is recom-
mended.
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4.1 Introduction

Humanitarian emergencies, which are mainly triggered by either civil
conflicts or natural disasters, undermine the livelihood and health of
the affected population and increase mortality [2]. Drought is a natural
and cyclical event that develops slowly, worsens gradually, and results
in destitution, starvation and death if not addressed properly. Between
1994 and 2013, more than one billion people were affected by drought
worldwide. Africa, accounting for 41% of all drought events, suffered
more frequent droughts than any other continent [16]. The health
impact of drought is complex and long lasting. Drought has been as-
sociated with excess mortality through inducing nutrition and health
problems, such as undernutrition, micronutrient deficiencies, food- and
water-borne diseases; aggravating chronic diseases; declining crop and
livestock production; contributing to inflation of food prices; and trig-
gering drought-induced migration (Figure 1.6). When combined with
poverty, weak health infrastructure and poor sanitation, its impact is
even worse [65, 66].

Ethiopia is prone to weather-related shocks, such as droughts and
floods. As a result, the country has been experiencing recurrent droughts
and food shortages since the 1950s. More than 80% of its population
are dependent on subsistence and rain-fed agriculture, meaning that
the majority of the population is highly vulnerable to drought [144].
The most severe of which was the mid-1980s famine, in which, even
with a massive humanitarian response, elevated malnutrition preva-
lence was observed and an estimated 700,000 excess deaths occurred
[35, 145]. Despite the noticeable improvements in the overall devel-
opment and the achievement of the MDG target of reducing hunger by
half between 1990 and 2015 [81], every year, a significant portion of
Ethiopians rely on food assistance mainly due to recurrent droughts.
For example, in 2015-16, following the devastating impact of El Nifio
weather events, Ethiopia experienced one of the worst droughts in the
last five decades. Consequently, more than 10 million people (> 10%
of the total population) were in need of urgent food assistance [60].
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Pooled data investigating the effects of drought on child mortality
are scarce in crisis-affected areas. A recent systematic review by Stanke
and colleagues pointed out the lack of sound quantitative syntheses
on the drought-mortality link, possibly due to the differences between
studies in regard to settings, methods and outcomes measured [66].
The few available studies have focused on the immediate causes of
malnutrition and mortality in complex emergencies, which include in-
adequate dietary intake and diseases, such as diarrheal diseases, acute
respiratory infections, measles, malaria, and severe malnutrition [146,
147]. On the other hand, a more comprehensive study by Checchi
and Robinson [148] detected a very large number of excess mortality
attributable to the 2010-12 severe food insecurity and famine in So-
malia. However, only one study investigated the relationship between
drought and child survival in Ethiopia and this was conducted in the
2002/03 drought [140]. No difference in child mortality was observed
between drought affected and non-affected areas; however, study limi-
tations, such as not considering drought intensity and the one-year time
elapse between the drought occurrence and when the study was con-
ducted, may have contributed to null findings [140]. To address this
research gap and provide a sound quantitative synthesis, we explored
the effects of drought on child mortality in Ethiopia between 2009 and
2014 considering real-time data on the intensity of drought exposure.
The specific aims of the study were to provide a pooled estimate of the
US5DR, and to investigate the effect of drought on child death while con-
trolling for the possible contextual factors identified based on the con-
ceptual framework of drought-mortality link (Figure 1.6) and available
data. These factors include GAM, MCV, food insecurity, and livelihood

zones.
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4.2 Data and Methods

4.2.1 Under-five death, nutrition and vaccination data

In the absence of functioning vital registration systems in crisis-affected
areas where an elevated prevalence of acute malnutrition and mortality
rates are of concern, mortality information is often gathered through
retrospective household surveys [149]. Among them are small-scale
operational surveys, which are conducted by humanitarian organiza-
tions in crisis-affected areas. Small-scale surveys have been shown
to be a useful source of information for humanitarian decision mak-
ing [68]. These surveys are publically available in the CE-DAT, http:
//www.cedat .be. For the current study, we used surveys conducted in
Ethiopia between January 2009 and December 2014. The timeframe
for the study was based upon data availability for the contextual fac-
tors considered in our analytical framework.

The CE-DAT mainly compiles surveys on nutrition, mortality and
vaccination coverage from humanitarian organizations, health ministries
and UN agencies. Most of the included surveys follow a standardized
methodology for nutrition and mortality surveys, the SMART method-
ology [96]. Within Ethiopia, the survey process is monitored by the
Emergency Nutrition Coordination Unit. The survey reports are fur-
ther validated by the CE-DAT team using the established completeness
checklist (Appendix A), prior to entering the survey results into the
database [68]. The following indicators were extracted from the CE-
DAT: number of under-five deaths, number of under-five children and
the USDR; the prevalence of GAM among children 6-59 months of age,
also referred to as wasting; the MCV coverage among children 9-59
months of age; the survey coverage area (the third administrative level,
‘'woreda’) in addition to the month and year the survey took place (see
the Supplementary Table in Appendix C).

The U5DR reported in the CE-DAT, expressed as deaths per 10,000
children per day (i.e., deaths/10,000/day), were calculated using the
number of deaths in children under-five years of age, the total num-
ber of under-five children in the population, and the recall period. The
prevalence of GAM was calculated based on z-scores of weight and
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height measurement of children aged 6-59 months. The weight-for-
height z-score below -2 is indicative of wasting [90]. The MCV cover-
age was based on vaccination cards. If this was not available, it was
based on caregiver’s recall. Then it was calculated as the number of
children vaccinated against measles over the total number of children
aged 9-59 months eligible for vaccination.

4.2.2 Drought exposure data

Different indices have been developed to quantify, monitor and analyse
drought (e.g., the Palmer drought severity index, the standardized pre-
cipitation index, and the standardized precipitation evapotranspiration
index) [101] (more detail in Chapter 2 Section 2.2.2). We used the
SPEI, which is an improved index to identify the spatial and temporal
extent of drought exposure and its intensity. The SPEI is calculated for
different time-scales (e.g., 1-, 3-, 6-, 12-month) considering the com-
bined effect of precipitation and temperature. For example, a 3-month
SPEI obtained at the end of August compares the precipitation and tem-
perature total of June, July and August period with the same 3-month
period over historic records (i.e., 1950 onwards). Shorter time-scales
(e.g., 3- and 6-month SPEI) identify more frequent droughts of shorter
duration affecting agricultural practices, whereas longer time-scales
(e.g., 12- and 24-month SPEI) detects less frequent but longer-lasting
droughts associated with water resource [98, 101]. The different time-
scales are therefore important for assessment of drought effects on child
mortality, as the effects are likely to vary with the frequency and dura-
tion of droughts. Thus, in this study the 3-month and 12-month SPEIs
were used to identify the short- and long-term droughts, respectively.

The SPEI data was downloaded from the Global Drought Monitor,
http://sac.csic.es/spei/map/maps.html, which provides robust in-
formation about drought conditions at the global-scale with 0.5° spatial
resolution and monthly time resolution. The SPEI values for a specific
location and month were extracted based on the starting time and the
centroid of the survey coverage area. The SPEI takes positive or neg-
ative values, typically in the range between -2.5 and +2.5, indicating
wet- or dry-conditions, respectively [98]. For ease of interpretation, we
categorized the SPEI values into: no drought (SPEI > 0), mild drought
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(-1 < SPEI < 0), moderate drought (-1.5 < SPEI < -1) and severe to
extreme drought (severe drought hereafter) (SPEI < -1.5) [136].

4.2.3 Food security and livelihood zone data

Food security encompasses availability, accessibility, utilization and sta-
bility of food for a healthy and active life [9] (more detail in Chapter
2 Section 2.2.3). We obtained the food security data from the FEWS
NET, http://www.fews.net/, which provides evidence-based analysis
on early warning and food insecurity. The FEWS NET uses the IPC, a set
of tools and procedures which serve to identify and classify the severity
of food insecurity. The IPC is based on the four pillars of food security
analysis: accessibility, availability, utilization and stability, and it clas-
sifies areas with food insecurity into five phases — minimal, stressed,
crisis, emergency, and famine [57]. We gathered historical food se-
curity phase data from the FEWS NET quarterly food security reports.
Data was available for 81 survey areas from 2009 onwards. In ad-
dition, we obtained the livelihood zone classification data (cropping,
agro-pastoral and pastoral) from FEWS NET. Livelihoods are based on
similarities in terms of economic activity, food source, and income and
market opportunities. The food security phase and livelihood zones
data of a given survey coverage area were then matched with CE-DAT
data using the GPS coordinate.

4.2.4 Statistical analysis

For surveys that did not report the number of under-five deaths, it
was calculated by multiplying the mortality rate with sample size and
recall period. The datasets were merged across space and time and
then random-effects meta-analysis model was fitted to summarize sur-
vey results and explore heterogeneity across independently conducted
but methodologically similar small-scale surveys. Summarizing data
with this approach increases statistical power to detect effects and im-
prove precision [111] (more detail in Chapter 2 Section 2.3.2). When
applied in humanitarian decision making, the analytical approach can
strengthen informed response and preparedness thereby enhancing evidence-
based decision-making at large scale [68, 143, 150].
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We explored the variability across the survey estimates using the 72
statistic (the between-survey variance). To explain the variability, meta-
analyses were performed on subgroups based on survey-specific con-
textual factors or moderators (drought exposure levels, food insecurity,
and livelihood zones); and subsequently a meta-regression was fitted
adjusting for additional moderators, prevalence of GAM and MCV cov-
erage. We also tested the interaction effects to assess whether the asso-
ciation between drought and U5DR varied by the moderators. Among
the 88 surveys included in our meta-analysis, 16 (18.2%) had zero
counts for the number of under-five deaths. Using the inverse-variance
methods for such data is problematic because the estimates and their
variances are not defined for zero death counts. Hence, Poisson regres-
sion model for meta-analysis was used as a remedy to circumvent these
issues [151]. The model was then fitted in a Bayesian framework in an
attempt to incorporate all uncertainties in estimating the parameters
and to benefit from its flexibility for inference [105]. In order to assess
the potential underestimation of the pooled U5SDR estimate due to zero
death counts, we run a subset analysis by excluding surveys with zero
under-five deaths.

Assume that the observed number of under-five deaths in survey ¢,
d;(i =1,...,88), follows a Poisson distribution with )\; (expected number
of under-five deaths in survey i). A random-effects meta-analysis using
Poisson regression is then expressed as:

d; ~ Poisson(\;)
log(Ni) = i + Biz; + log(ny)
i ~ Normal(0,72)

where 1; represents the under-five death rate in survey i, f represents

the pooled under-five death rate, 72

is the between-survey variance,
x}s are the survey-specific moderators, (/s are the regression coeffi-
cients, and the number of under-five children in survey ¢, n;, is included
as log offset in the model. The unknown parameters were assigned
vague priors to allow the results to be based on the data: invese —
gamma(1073,1073) for the variance parameter, 72; and Normal(0, 10°)

for § and f/s. The Bayesian meta-analysis was performed in WinBugs
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version 1.4 [152], where MCMC sampling is used to make inference.
We run the Markov chain for 50,000 iterations after a start-up run of
10,000 iterations. We then assessed the convergence of the chain visu-
ally inspecting the trace- and autocorrelation-plots [105]. The metafor
package [112] in R statistical software [137] was used to generate the
forest plot.

Two meta-regression models were fitted based on the duration of
droughts: Model 1 investigating the effect of short-term droughts on
child mortality, while Model 2 focused on the long-term droughts, both
adjusted for the survey-specific moderators. Finally, the median of the
posterior distribution was calculated to provide estimates of the U5DR,
Death Rate Ratios (DRR), and 95% CrI derived from the 2.5* and
97.5t" percentiles. The statistical significance (plausibility) was judged
based on the non-inclusion of 1.0 in the 95% CrlI.

4.3 Results

4.3.1 Identification and selection of surveys

We initially extracted 142 small-scale surveys reporting under-five deaths
from the CE-DAT. The surveys were conducted between January 2009
and December 2014 by humanitarian agencies operating in Ethiopia.
The following inclusion criteria were applied to select surveys for the
final meta-analysis: (i) surveys conducted in permanent resident pop-
ulations; (ii) surveys based on probability sampling methods (simple
random sampling, systematic sampling, or cluster sampling); (iii) sur-
veys based on 3-month recall period; and (iv) the USDR and/or sample
size is provided or can be estimated. We excluded surveys conducted in
refugee camps, sampling methods not indicated, and recall period not
reported. After exclusions, we identified 88 surveys to be included in
the meta-analysis (Figure 4.1).
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CE-DAT surveys reporting under-
five death in Ethiopia (n = 142)

36 surveys in refugee camps excluded

y

Surveys of permanent residents
(n=106)

2 surveys with unreported sampling method
excluded

A 4

A

Surveys used probability sampling
(n=104)

2 surveys with recall period not mentioned

and 1 recall period > 3 month excluded

\ 4

Surveys based on 3 month recall
period (n = 101)

13 surveys with USDR or sample size not
reported or cannot be estimated excluded

A 4

Surveys retained for meta-analysis
(n=288)

FIGURE 4.1: Flowchart of the small-scale mortality

surveys included in the meta-analysis from Ethiopia,

2009-2014. CE-DAT: Complex Emergency Database.
U5DR: Under-five Death Rate.

4.3.2 Description of the surveys

The 88 surveys included in the meta-analysis consisted of a sample
of 55,219 children under-five years of age. The surveys covered 7 of
the 11 administrative regions in Ethiopia. Most of the surveys were
from the three highly populated regions of the country: Oromia (n=38,
43.2%), Amhara (n=22, 25.0%), and SNNP (n=18, 20.5%) (Table
4.1). The number of children per survey ranges from 239 to 1007.
More than a third of the surveys were conducted in 2010 (n=31, 35.2%),
while n=4 (4.5%) were conducted in 2014. Supplementary materials
on the details of each of the surveys and the contextual factors are
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available in Appendix C.

TABLE 4.1: Description of the 88 small-scale mortality
surveys from Ethiopia, 2009-2014.

Administrative regions No. of surveys (%) Sampled children (%)

Oromia 38 (43.2%) 26190 (47.4%)
Ambhara 22 (25.0%) 11119 (20.1%)
SNNP 18 (20.4%) 12144 (22.0%)
Afar 5 (5.7%) 2975 (5.4%)
Benishangul-Gumuz 2 (2.3%) 1110 (2.0%)
Dire Dawa 2 (2.3%) 1093 (2.0%)
Gambela 1(1.1%) 588 (1.1%)
Total 88 (100%) 55219 (100%)

SNNP: Southern Nations, Nationalities and People.

4.3.3 Pooled USDR, subgroup analysis and meta-regression

The forest plot in Figure 4.2 shows the pooled U5DR according to the
subgroups. More than half of the surveys, (n=50, 56.8%) and (n=59,
67.0%), were conducted in areas affected by mild to severe drought in
the short- and long-term, respectively. The vast majority of the surveys
(n=84, 95.1%) were from stressed or crisis level food-insecure areas,
while (n=65, 73.8%) were from cropping areas (versus pastoral and
agropastoral) (Figure 4.2).

The pooled U5DR in the study period was 0.323/10,000/day (95%
Crl: 0.254-0.397). The heterogeneity among the survey estimates was
72=0.38 (95% CrI: 0.17-0.71) (Figure 4.2). When we remove surveys
with zero death counts, the pooled USDR becomes 0.424,/10,000/day
(95%CrI: 0.351-0.512). The U5DR was not associated with both short-
and long-term droughts (Table 4.2). Pastoral areas showed higher
US5DR (0.500; 95% Crl: 0.200-1.149) (Figure 4.2), but there was no
difference compared to agropastoral areas (Table 4.2) which had U5SDR
of 0.290 (95% Crl: 0.182-0.443) (Figure 4.2).

Minimal food-insecure areas had a higher U5DR (0.722; 95% Crl:

0.317-1.458) than areas reporting stressed food insecurity (USDR=0.287;

95% Crl: 0.205-0.388) (Figure 4.2) and the difference was statistically
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Subgroups No. of surveys Sampled children U5DR (95%. Crl)
Short-term drought
No drought 38 23077 o] 0.2930.206 , 0.401 ]
Mild 28 17995 oy 0.323[0.214,0.460]
Moderate 10 6681 || 0.308[0.160, 0.551]
Severe 12 7466 |t 0.403[0.231,0.667 ]
Heterogeneity: 2 =0.41; 95% Crl:0.19-0.78
Long-term drought
No drought 29 18276 ] 0.324[0.224 ,0.451]
Mild 25 15451 | 0.204[0.129,0.307 ]
Moderate 18 10565 | 0.471[0.307,0.696 ]
Severe 16 10927 o 0.380[0.237,0.577]
Heterogeneity: (2 = 0.34; 95% Crl:0.14-0.67
Livelihood zone
Cropping 65 39720 - 0.319[0.243 ,0.406 ]
Agropastoral 19 13149 o 0.290[0.182,0.443]
Pastoral 4 2350 |e—— 0.500[0.200, 1.149]
Heterogeneity: (2 =0.39; 95% Crl:0.19-0.74
Food insecurity
Minimal 4 2406 | —— 0.722[0.317 ,1.458]
Stressed 37 23295 oy 0.287[0.205,0.388 ]
Crisis 40 24660 ! 0.338[0.246,0.446 ]
Heterogeneity: (2 = 0.29; 95% Crl:0.09-0.64
Overall 88 55219 - 0.323[0.254,0.397 ]

Heterogeneity: 12 = 0.38; 95% Crl:0.17-0.71

0000 0500 1.000 1.500
Under-five Death Rate (USDR)

FIGURE 4.2: Forest plot showing the pooled U5DR
and their 95% CrI’s, stratified by short- and long-term
drought exposure, livelihood zones and food insecu-
rity level from 88 small-scale mortality surveys from
Ethiopia, 2009-2014. The USDR was based on the
small-scale retrospective household surveys [68]. The
short- and long-term droughts in a given location were
based on the 3- and 12-month SPEI, respectively [101].
Food insecurity was based on the IPC [57]; and it is avail-
able for 81 survey locations. Livelihoods are based on
similarities in terms of economic activity, food source,
and income and market opportunities. Crl: credible in-
terval.

plausible (DRR=2.36; 95% CrI: 1.05-5.02 Model 1; DRR=2.36; 95%
Crl: 1.09-4.68 Model 2) (Table 4.2). Every one-percent increase in
the prevalence of GAM was associated to an increase of 9% (95% Crl:
4-14%) and 7% (95% Crl: 3-12%) in the median U5DR in Model 1
and Model 2, respectively (Table 4.2). On the other hand, there was
no plausible association between U5DR and both MCV coverage and
livelihood zones. Further, the interaction between drought and the
moderators were implausible. The inclusion of moderators in the meta-
regression explained the heterogeneity substantially — the statistic de-
creased by 50% and 66% for Model 1 and Model 2, respectively (Table



TABLE 4.2: Results from the Bayesian Poisson meta-
regression models of the association between child
mortality and drought exposures, including covari-
ates, from small-scale mortality surveys in Ethiopia,

89

2009-2014.
Model 1 Model 2
Variable Posterior 95% Crl Posterior  95% Crl
DRR DRR
Drought episode
No drought Ref
Mild drought 0.97 0.61; 1.54 0.76 0.44; 1.28
Moderate drought 1.37 0.69; 2.63 1.62 0.98; 2.71
Severe drought 1.27 0.73; 2.26 1.2 0.71; 2.01
Food security
Minimal 2.36 1.05; 5.02 2.36 1.09; 4.68
Stressed Ref
Crisis 1.08 0.72; 1.63 1.14 0.77; 1.69
Livelihood
Cropping 1.04 0.62; 1.74 1.10 0.67; 1.82
Agropastoral Ref
Pastoral 1.25 0.45; 3.45 1.66 0.64; 4.39
GAM 1.09 1.04; 1.14 1.07 1.03; 1.12
MCV 1.00 0.99; 1.01 1.00 0.99; 1.01
Heterogeniety: 0.19 (0.01; 0.54) 0.13 (0.01; 0.44)
72(95%Cr1)

Model 1 investigates the effect of short-term droughts on child mor-
tality, whereas Model 2 investigates the effect of long-term droughts
on child mortality, both adjusted for survey-specific moderators (food
insecurity, livelihood zones, prevalence of GAM, and MCV coverage).
The prevalence of GAM was calculated based on the weight for height
z-score index [90]. The MCV coverage was based on vaccination cards
and/or caregiver’s recall. The statistical significance is based on the
non-inclusion of 1.0 in the 95% Crl. DRR: death rate ratios; Crl: credi-
ble interval; Ref.: reference category.
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4.4 Discussion

Child mortality reflects the general health of the population and is
one of the indicators used to benchmark the severity of a crisis [147,
149]. Despite anecdotal and crude evidence on the association be-
tween drought and mortality in Ethiopia and elsewhere in the world
[66, 145], rigorous synthesis of empirical data is lacking. This could
be partly due to the unclear definition of the onset and ending of a
drought, its long lasting cumulative effect, and poor record-keeping
systems [16, 65, 66]. With the aim of addressing this gap, we con-
ducted a meta-analysis of 88 small-scale mortality surveys (consisting
of 55,219 under-five children) from areas affected by humanitarian
crises in Ethiopia between 2009 and 2014.

Overall, the pooled U5DR in the study period was 0.323 per 10,000
per day, which is considerably lower than both the emergency thresh-
old death rate of 2.1 and the baseline threshold of 1.07 for sub-Saharan
Africa [153]. This conclusion was still robust when we exclude sur-
veys with zero death counts. Ethiopia, in general, has shown great
improvement in reducing child mortality and successfully achieved the
MDG target of two-thirds reduction in under-five mortality rate be-
tween 1990 and 2015 [81]. Consequently, the under-five mortality
rate dropped from 166 deaths per 1000 live births in 2000 to 67 in
2016 [84]. This achievement could be attributed to the progress made
in improving the coverage of health services and immunization [81,
154].

Crisis-affected areas often show elevated mortality. For example,
fragile states in Africa reported 20% higher child mortality compared to
low-income countries [23]. However, we obtained a pooled U5DR esti-
mate, which is even lower than the country’s average of 0.4/10,000/day;
calculated based on the mortality data of UNICEF and the population
data of the United Nations population division. Moreover, only 2.3%
of the surveys had U5DR above the baseline threshold and no survey
had U5DR around the emergency threshold of sub-Saharan Africa. This
may reflect the fact that mortality is lower in areas where humanitarian
agencies are operational, as their support to national programmes con-
tributes to improving health. Furthermore, security conditions often
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prevent agencies from accessing some of the severely affected zones.
Finally, possible underestimation of mortality, due to inaccessibility of
some affected areas mentioned above and survival bias owing to the
possible disappearance of the entire households in crisis-affected ar-
eas [27], should not be ruled out. Overall, the lower than expected
US5DR in our study raises questions regarding the accuracy of mortality
thresholds being used, since substantial reduction in child mortality has
been achieved in the MDG era [155]. Our findings therefore highlight
the need to review and update the existing mortality thresholds [153],
both the baseline and the emergency thresholds. Otherwise, consider-
ing mortality elevation from the baseline (if baseline is available) rather
than comparing it with thresholds would also be more feasible.

Neither short- nor long-term droughts were associated with U5DR.
This could be explained by the resilience capacity the country devel-
oped over time to deal with shocks related to drought and food short-
age. First, the country adopted a national policy on disaster prevention
and management in 1993 to reduce disaster risks and its potential con-
sequences [156]. Weather forecasting and early warning systems have
been strengthened, and relief assistance has become more predictable
and timely [144]. Second, in 2005, Ethiopia launched a safety net pro-
gram targeting chronically food-insecure households in famine-prone
areas to provide a long-term solution for minimizing vulnerability to
food insecurity. The program has been providing assistance in the form
of food and cash transfer, building resilience to climate-related impacts,
improving access to health, and enhancing risk financing mechanisms
to protect assets from being eroded by recurrent shocks. The pro-
gram benefits approximately 8 million people in rural areas annually
[81, 157]. Third, road network development over the last decade has
helped farmers easily access markets and relief providers reach remote
villages. Fourth, the humanitarian response has become more efficient
as it is based on early warning and assessment results during emer-
gency [156].
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The meta-regression shows that USDR increases with the prevalence
of GAM, echoing the well-documented fact that child wasting and mor-
tality are directly associated [88, 141, 143, 147]. Malnutrition aggra-
vates infectious diseases thereby increasing the risk of child mortality
[158]. For example, in 2011, about 45% of all child deaths in the world
(3.1 million child deaths) were attributable to undernutrition [88]; and
in Ethiopia, this figure was 28% between 2004 and 2009 [133]. The
effect is more apparent in countries going through humanitarian crises
where the prevalence of malnutrition is twice that of low-income coun-
tries [23]. Despite the declining trend, the prevalence of acute malnu-
trition in crisis-affected areas in Ethiopia remains high, more than 10%
[143, 150]. Therefore, unless continuous and targeted interventions
are identified and implemented to improve child nutrition, a significant
number of child deaths will occur due to acute malnutrition.

Food insecurity can be both a cause and a consequence of protracted
crises and it increases child mortality by affecting food intake and in-
creasing susceptibility to diseases [9]. Surprisingly, our result shows
that areas with minimal food insecurity had higher U5DR than areas
with stressed food insecurity. This finding contradicts the existing evi-
dence [9, 148, 159], which indicates that higher food insecurity is di-
rectly associated with higher child mortality. One possible explanation
is that areas with minimal food insecurity may not attract the atten-
tion of the government and aid agencies. Thereby, they will not receive
the assistance which contributes to the improvement of child survival,
such as health care, food assistance and other relief commodities. In
this case, households may be forced to rely on their own livelihoods
without external aid, thus there is a need to promote resilience within
these households and communities. In a sense, these findings can be
interpreted as a sign of the continued high reliance on aid by rural
households. Nonetheless, this result needs to be interpreted with cau-
tion. First, we do not have full information on the possible contextual
factors in the surveys (e.g., disease incidence, breastfeeding, access to
health) which could elevate USDR. Second, the reliability of the es-
timates might be affected as we have only four surveys conducted in
minimal food-insecure areas. Thus, further research with a substantial
number of surveys and considering the full range of contextual factors
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is warranted.

While interpreting the results, the following limitations should be
taken into consideration. First, retrospective mortality surveys are heav-
ily affected by recall bias which may lead to underreporting of deaths
or reporting of incorrect dates. Thus, to reduce the recall bias, we
limited our study to surveys with a short recall period (3 months). Sec-
ond, despite improvement in data quality assurance of mortality indi-
cators in CE-DAT, and despite CE-DAT is a unique and detailed source
of nutrition and mortality data for crisis-affected areas, the quality of
survey implementation cannot be verified in-depth [68]. Had the raw
data available, it would have been possible to detect bias, for example,
through examining data for digit preference or the age distribution of
deaths for systematic under-reporting. Future studies considering sur-
vey quality differences by assigning quality scores for each of the sur-
vey based on the CE-DAT quality checklist or other information in the
report is recommended. Third, although CE-DAT strives to gather all
nutrition and mortality surveys from humanitarian agencies, the possi-
bility of missing some of the surveys is inevitable. However, we believe
that this number is insignificant for Ethiopia, as the CE-DAT project has
a strong data sharing agreement with the majority of the agencies op-
erating in the country. Fourth, the majority of the small-scale surveys
in CE-DAT do not have information on the underlying causes of child
mortality, such as disease incidence, child care practices, water and san-
itation coverage, and non-food interventions, which could account for
part of the unexplained variation in the data. Despite these limitations,
our meta-analysis sheds light on the limited literature surrounding the
topic and stimulates debates for further exploration of the link between
drought and child mortality in humanitarian emergencies.
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4.5 Conclusions

In conclusion, the estimated pooled U5DR was below both the country’s
average and the baseline threshold for sub-Saharan Africa. This indi-
cates the need to review and update the existing mortality thresholds.
Exposure to both short-and long-term droughts was not associated with
US5DR in Ethiopia. However, minimal food insecurity was associated
with elevated USDR, and hence these areas should not be overlooked by
the intervention programs. Further, targeted interventions to improve
the underlying causes of child malnutrition in crisis-affected areas are
crucial, as acute malnutrition increases USDR. Finally, our study recog-
nizes the enormous progress made by the country in enhancing drought
resilience.
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Abstract

Background: Women’s malnutrition, particularly undernutrition, remains
an important public health challenge in Ethiopia. Although various stud-
ies examined the levels and determinants of women’s nutritional status,
the influence of living near an international border on women’s nutrition
has not been investigated. Yet, Ethiopian borders are regularly affected
by conflict and refugee flows, which might ultimately impact health. This
study is therefore aimed to investigate the impact of living in close prox-
imity to borders in the nutritional status of women in Ethiopia, while

considering other important covariates.

Methods: Our analysis was based on the BMI of 6334 adult women aged
20-49 years, obtained from the 2011 EDHS. A Bayesian multilevel multi-
nomial logistic regression analysis was used to capture the clustered struc-
ture of the data and the possible correlation that may exist within- and
between-clusters.

Results: After controlling for potential confounders, women living in close
proximity to borders (i.e., < 100 km) in Ethiopia were 59% more likely
to be underweight (posterior odds ratio (OR)=1.59; 95% credible inter-
val (Crl): 1.32-1.90) than their counterparts living far from the borders.
This result was robust to different choices of border delineation (i.e., <
50 km, < 75 km, < 125 km and < 150 km). Women in poor families,
those with no access to improved toilet, residing in lowland areas, and
being Muslim were independently associated with underweight. Whereas
more wealth, higher education, older age, access to improved toilet, being
married, and living in urban or lowlands were independently associated
with overweight.

Conclusions: The problem of undernutrition among women in Ethiopia
is most worrisome in the border areas. Targeted interventions to improve
nutritional status in these areas, such as improved access to sanitation,

economic and livelihood support, are recommended.
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5.1 Introduction

The nutritional status of women has important implications both for
their own health and that of their children. Malnutrition increases
women’s susceptibility to diseases, slows recovery from illnesses and
puts women at higher risk of pregnancy-related mortality. Children of
undernourished women are more likely to be undernourished, which
can lead to poorer cognitive development, shorter stature, and higher
risk of morbidity and mortality. Malnutrition also hampers women’s
productivity and that of the society at large [86, 88, 160].

Women’s undernutrition particularly remains a public health chal-
lenge in Ethiopia [71]. Comparative studies conducted in sub-Saharan
Africa document the high prevalence of women’s underweight in Ethiopia
[161, 162]. When compared to 57 low- to middle-income countries,
Ethiopian women have the lowest average BMI [163]. Various studies
assessed the levels and identified the determinants of maternal malnu-
trition in Ethiopia using large scale datasets: some of which focused on
smaller geographical areas [58, 164], others were representative of the
entire country [161, 165].

Although health outcomes heavily depend on contextual factors,
such as community based services and norms operating at community
level [160], studies investigating women’s nutritional status differen-
tials in border areas are lacking. Border-related conflicts, commonly
happening in the Horn of Africa [166-168], and the neglected and
poorly developed infrastructure and services at the borders [167, 169]
have the potential to undermine the socioeconomic and health-related
wellbeing of the populations [170]. Moreover, influx of refugees flee-
ing crisis in neighboring countries are mainly hosted in camps located
in the border areas, which might impact the livelihood and health of
the hosting communities [170]. The assessment of health issues, such
as nutritional status, is thus of particular relevance in countries like
Ethiopia which is bordering conflict zones (Somali, South Sudan, Er-
itrea and Sudan), hosting a large population of refugees [13] and facing
its own internal development challenges. This study is therefore aimed
to assess the impact of living close to borders on the nutritional status
of women in Ethiopia, while considering other important covariates.
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5.2 Data and Methods

Our analysis was based on the 2011 EDHS dataset. The survey was
conducted to provide information mainly on fertility, family planning,
HIV/AIDS, maternal and child health, and nutrition indicators at na-
tional, regional, and urban and rural levels. A stratified two-stage clus-
ter sampling design was used to select the sample households. First,
each region was stratified into urban and rural areas. Then a sample of
Enumeration Areas (EAs (clusters hereafter); sub-divisions of the small-
est administrative unit in Ethiopia (kebele) based on the 2007 popula-
tion and housing census) were selected independently in each stratum
in two stages. In the first stage, 624 clusters (437 from rural areas and
187 from urban areas) were selected using PPS to the cluster size. In
the second stage, households within the clusters were selected. How-
ever, in Somali region, 28 of the 65 clusters were not interviewed due
to drought and security reasons. In total, 16,515 women of reproduc-
tive age (15-49 years) were selected from 596 clusters to form a repre-
sentative sample of this age group. The data was then collected using a
questionnaire which was adapted from the MEASURE DHS project. The
Ministry of Health supervised the overall survey process, the Central
Statistical Agency implemented the survey, and the ICF International
provided technical support and funding for the project [71].

BMI was used to assess the nutritional status of women. The use of
BMI cut-offs is not recommended for adolescents (15-19 years) due to
the remarkable change in growth during this period [86]. Therefore,
3835 adolescents were excluded from the analysis. Further, 5714 preg-
nant and lactating women were excluded since BMI is not an appropri-
ate indicator for this group either. We further removed 281 women due
to missing weight or height and 6 women with flagged cases (implausi-
ble weight or height measurement) after revealing that the missing BMI
values are randomly and proportionally distributed across the exposure
variable. Moreover, 345 women without attribution of geographical lo-
cation were excluded. Finally, 6334 adult women aged 20-49 years
from 571 clusters were included in the analysis (Figure 5.1).

Outcome variable: The outcome variable was the women’s nutritional
status measured in BMI. For public health significance, we categorized
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FIGURE 5.1: Map of Ethiopia showing EDHS sampled
clusters and refugee camps together with neighbor-
ing countries.

the BMI according to the WHO recommended cut-offs distinguishing
between — underweight (BMI < 18.5 kg/m?), normal weight (18.5-
24.9 kg/m?) and overweight (> 25.0 kg/m?) [86].

Exposure variable: The exposure variable of the study is the residence
status (border resident or not), measured by the nearest distance, in
kilometers (km), from the borders to the sampled clusters. We used
the GPS coordinates of the sampled clusters to measure the nearest dis-
tance to the border. Then, we dichotomized the distance into: border
(< 100 km) and non-border (> 100 km), based on a previous study
[171]. We also assessed the sensitivity of our results to the different
delineation of borders: < 50 km, < 75 km, < 125 km and < 150 km.

Confounding variables: The selection of confounding variables was
guided by previous studies [58, 161, 162, 164, 165]. These variables
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are: woman’s age (in full years); level of education (no education, pri-
mary, and secondary or above); marital status (never married, married
or living together, and divorced or separated or widowed); religion
(orthodox, protestant or catholic, and muslim or others); household
headship status (woman headed or man headed); and place of resi-
dence (urban or rural). The wealth index — a composite measure of
household’s cumulative living standard based on ownership of selected
assets, such as television, bicycle, materials used for housing construc-
tion, and types of water access and sanitation facilities — was provided
in five quintiles in EDHS and we recoded it into three as: poor, mid-
dle, and rich. Toilet facility and source of drinking water were coded
as improved or not improved based on the EDHS classification [71].
Further, three agro-ecological zones were defined based on the altitude
data: lowland (< 1500m), midland (1500-2300m) and highland (>
2300m) above sea level, as altitude has a strong influence on climate
and thereby agriculture and livelihood.

5.2.1 Statistical analysis

The EDHS data has a hierarchical structure, as women are grouped
within clusters. This structure often yields data which are correlated
and thus cannot be assumed independent. A multilevel approach ade-
quately represents unexplained variability of nested structure, which is
often difficult to represent in the single level approach [123]. Taking
into account the hierarchical structure of the dataset and the possible
correlation that may exist within- and between-clusters, we used a two-
level random intercept multinomial logistic regression model (more de-
tail in Chapter 2 Section 2.3.3).

In order to get unbiased estimates for the parameter in multinomial
logistic regression, MCMC method was used as recommended by [172].
For the MCMC estimation, we used diffused prior distributions: normal
priors with large variances (mean=0, variance=10°) for regression pa-
rameters and inverse gamma (102, 10~3) for precision parameters. We
then run the chain for 50,000 iterations with a burn-in length of 25,000
iterations to ensure convergence of the Markov chains. The conver-

gence of Markov chain was assessed by visual inspection of the trace-
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and autocorrelation-plots. Further, Bayesian Deviance Information Cri-
terion (DIC) was used to evaluate the goodness-of-fit of the models
[172].

Three models were fitted. Model 1 does not include any covariate;
Model 2 include cluster level covariates (distance from the border, place
of residence and agro-ecological zones); and Model 3 include variables
in Model 2 and individual level covariates. We also conducted a sen-
sitivity analysis to assess whether the different choice of distance from
the border might have impacted the results. We used survey weight as
provided in the EDHS, to ensure the representativeness of the sample
characteristics.

Finally, we reported the posterior OR (it is also refered as relative
risk ratio) and its 95% Bayesian Crl for each of the variables in the
full model (Model 3). The statistical significance was judged based on
the non-inclusion of 1.0 in the 95% CrI's. The statistical analysis was
performed in STATA/IC 12.1 using runmlwin command, a program to
run the MLwiN multilevel modeling software from within Stata [173].
The map was produced using QGIS [174].

5.2.2 Ethical approval

We used secondary data obtained in request from the DHS Program
(https://dhsprogram.com/) with no information identifying the par-
ticipants. The Ethiopian Health and Nutrition Research Institute Re-
view Board, the National Research Ethics Review Committee, the In-
stitutional Review Board of ICF International and the CDC have ap-
proved the EDHS. Informed and voluntary consent was obtained from
the study participants.
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5.3 Results

Table 5.1 presents the sample characteristics. The median women’s BMI
was 20.1 (interquartile range: 18.5-22.0 kg/m?), with nearly 25% of
them being underweight and 8% overweight. The average distance be-
tween a border and a cluster was 184.4 km (ranging from 0.2-449 km);
10% of the women lived near the borders (i.e., < 100 km) (Figure 5.1).

The median age was 33.0 (interquartile range: 25.0-41.0 years).
Over half of the women (56%) were not educated; 20% were never
married; 31% were from poor family background; 30% were house-
hold heads; and 52% were orthodox religion followers. The proportion
of women who had access to improved toilet facility and drinking wa-
ter source were 22% and 59%, respectively. Most of the women (71%)
were rural dwellers; over a tenth (12%) lived in lowlands (Table 5.1).

Table 5.2 presents results from the random intercept Bayesian mul-
tilevel multinomial logistic regression model (Model 3). After control-
ling for potential confounders, distance to a border was significantly
associated with both underweight and overweight. The odds of being
underweight were 59% higher among women living close to a border
(OR=1.59; 95% Crl: 1.32-1.90) while the odds of overweight were
37% lower (OR=0.73; 95% CrlI: 0.54-0.95) for similar comparisons.
Table 5.3 shows the sensitivity analysis results for different choices of
border definition. As we move closer to the borders, the odds of under-
weight increase (ranging from 35% higher odds for those who lived at
150 km distance from the border to 90% higher odds among those who
lived within 50 km distance).

In addition, the odds of underweight were significantly higher among
women from poor families (OR=1.41; 95% CrI: 1.15-1.70) compared
to those from rich families; among lowland women (OR=1.32; 95%
Crl: 1.09-1.60) compared to midland women; among muslim (OR=1.35;
Crl: 1.09-1.65) compared to protestant; and among women who had
no access to improved toilet facility (OR=1.28; 95% Crl: 1.05-1.52)
(Table 5.2).



TABLE 5.1: Sample characteristics of non-pregnant,
non-lactating adult women aged 20-49 years in

Ethiopia, 2011.
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Variables n % (95% CI)

BMI 6334 20.1 (18.5, 22.0)**
Underweight 24.5 (22.9; 26.1)
Overweight 8.4 (7.4;9.4)
Residence status 6334

Border residents 10.3 (9.5; 11.2)
Age (years) 6334 33.0 (25.0, 41.0)**
Level of education 6334

No education 56.3 (54.4; 58.1)
Primary 28.4 (26.7; 30.1)
Secondary and above 15.3 (14.0; 16.7)
Marital status 6334

Never in union 19.8 (18.4; 21.3)
Married/living together 61.0 (59.1; 62.8)
Others* 19.2 (17.8; 20.7)
Religion 6331

Orthodox 51.9 (50.0; 53.7)
Protestant and Catholic 22.7 (21.1; 24.3)
Muslim and Others 25.4 (23.8; 27.1)
Household headship 6334

Women headed 30.4 (28.7; 32.2)
Wealth index 6334

Poor 31.4 (29.7; 33.1)
Middle 18.0 (16.6; 19.5)
Rich 50.6 (48.7; 52.5)
Drinking water source 6152

Improved 59.3 (57.4; 61.1)
Toilet facility 6146

Improved 21.6 (20.2; 23.1)
Place of residence 6334

Rural 71.4 (69.6; 73.1)
Agro-ecological zone 6334

Lowland
Midland
Highland

12.1 (11.1; 13.3)
54.4 (52.6; 56.2)
33.5 (31.8; 35.2)

CI - confidence interval; % (95% CI) are
sample; *Widowed/Divorced/Separated; **

based on weighted

Median (interquar-

tile range); Catholic and other religion followers were 1.1% and

0.6%, respectively.
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TABLE 5.2: Posterior OR (95% CrI) from multilevel

multinomial logistic regression model for associa-

tions between individual- and cluster-level covariates
with women’s nutritional status, EDHS 2011.

Variables

Underweight vs.
Normal

Overweight vs.
Normal

Residence status
Border residents
Non-border (Ref.)
Age (years)

Level of education
No education
Primary
Secondary+ (Ref.)
Marital status
Never in union
Married (Ref.)
Others

Religion

Orthodox

Muslim

Protestant (Ref.)
Household headship
Women headed
Men-headed (Ref.)
Wealth index

Poor

Middle

Rich (Ref.)
Drinking water source
Not improved
Improved (Ref.)
Toilet facility

Not improved
Improved (Ref.)
Residence

Urban

Rural (Ref.)
Agro-ecological zone
Lowland

Midland (Ref.)
Highland

1.59 (1.32; 1.90)
1.01 (1.00; 1.02)

1.05 (0.82; 1.33)
0.92 (0.73; 1.14)

1.15 (0.92; 1.41)
0.87 (0.72; 1.06)
1.05 (0.85; 1.29)
1.35 (1.09; 1.65)

1.08 (0.92; 1.27)

1.41 (1.15; 1.70)
1.25 (1.00; 1.55)

1.06 (0.90; 1.24)

1.28 (1.05; 1.52)

0.90 (0.70; 1.14)

1.32 (1.09; 1.60)

0.96 (0.78; 1.17)

0.73 (0.54; 0.95)
1.07 (1.05; 1.08)

0.47 (0.35; 0.61)
0.64 (0.51; 0.80)

0.60 (0.45; 0.78)
0.82 (0.62; 1.07)
0.97 (0.74; 1.26)
1.17 (0.86; 1.56)

0.93 (0.74; 1.14)

0.46 (0.30; 0.67)
0.36 (0.19; 0.59)

0.84 (0.59; 1.17)

0.61 (0.49; 0.75)

3.18 (2.28; 4.33)

1.63 (1.27; 2.06)

1.10 (0.87; 1.38)

Ref.: Reference category; vs.: Versus
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TABLE 5.3: Sensitivity analysis: effect of different
border definition on nutritional status, posterior OR
(95% CrI) adjusted for the confounders.

Variable Underweight vs. Overweight vs.
Normal Normal

Residence status
(vs. non-border)

Border (< 50) 1.90 (1.56; 2.33) 0.73 (0.51; 1.05)
Border (< 75) 1.67 (1.39; 2.00) 0.72 (0.53; 0.97)
Border (< 100) 1.59 (1.32; 1.90) 0.73 (0.54; 0.95)
Border (< 125) 1.36 (1.13; 1.56) 0.86 (0.67; 1.08)
Border (< 150) 1.35 (1.15;1.60) 0.97 (0.77; 1.23)

On the other hand, women who had no education (OR=0.47; 95%
Crl: 0.35-0.61) or primary education (OR=0.64; 95% CrlI: 0.51-0.80)
were less likely to be overweight than women with secondary educa-
tion or above. Similarly, women from poor families (OR=0.46; 95%
Crl: 0.30-0.67) and middle class families (OR=0.36; 95% CrI: 0.19-
0.59); who had no access to improved toilet facility (OR=0.61; 95%
Crl: 0.49-0.75); and who were never married (OR=0.60; 95% CrI:
0.45-0.78) were less likely to be overweight. The odds of being over-
weight were much higher among urban women (OR=3.18; 95% Crl:
2.28-4.33); and women who lived in lowland areas (OR=1.63; 95%
Crl: 1.27-2.06). Finally, one year increase in age was associated to 7%
higher odds of being overweight (95% Crl: 5-8%) (Table 5.2).

The variances (Var(u;) and Var(us)) and covariance (Cov(uy3))
estimates of the random effects parameters in Model 1 suggest that
there is large variation in women’s nutritional status between clusters.
The inclusion of all covariates (Model 3) reduced the between-cluster
variances substantially. Moreover, the reduction of Bayesian DIC from
Model 1 to Model 3 suggests that the full model best fit the data (Table
5.4).
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TABLE 5.4: Cluster level random effects parameter es-
timates.

Parameters Model 1 Model 2 Model 3

Var(uy) 1.25 (0.89; 1.69) 0.18 (0.10; 0.29) 0.07 (0.01; 0.15)
Var(ug) 0.54 (0.40; 0.69) 0.31 (0.21; 0.43) 0.27 (0.16; 0.38)
Cov(u3) -0.58 (-0.76; -0.42) -0.22 (-0.30;-0.15) -0.12 (-0.21; -0.06)
Bayesian 10290.7 10104.4 9860.2

DIC

Var(uy) and Var(us) are between-cluster variance between under-
weight vs. normal and overweight vs. normal, respectively; Cov(u;3)
cluster-level variance.

5.4 Discussion

Border areas are prone to conflicts and refugee-related issues, but the
available data and knowledge on health in general and women’s nutri-
tion in particular is scanty in these areas. Women’s health, including
an appropriate, sufficient and balanced nutrition, is central to their
development and empowerment and has positive implication for the
society as a whole. The fulfillment of women’s nutritional needs is
an issue of human development and not an isolated public health con-
cern. However, our study reveals that about 25% of non-pregnant, non-
lactating adult women in Ethiopia were underweight, while 8% were
overweight. Such underweight prevalence is classified as a serious nu-
tritional problem according to the WHO Expert committee on physical
status [86]. Moreover, the odds of being underweight were 59% higher
among women living in the border areas of the country.

Many factors can explain the border differentials. For example, Afar,
Gambella, Somali and Benishangul-Gumuz regions in general and their
peripheries in particular are poorly developed [72, 166]. On top of
that, recurrent drought, land degradation, low level of livelihood di-
versification and inadequate coping strategies increased susceptibility
to food crisis in Afar, Somali and Tigray regions [175, 176]. Overall,
limited availability of health and other basic development infrastruc-
tures coupled with natural disasters, particularly droughts and floods
in the borders [166-168] might contribute to the noticed high levels of
underweight.
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The border areas have been struggling with internal and cross-border
violent conflicts: for example, instability has affected the regions of Afar
[177], Somalia [44, 178], Gambella [179], Benishangul-Gumuz [44],
and cross-regional clashes among Ethiopian pastoralists have also oc-
curred [180]. These often precipitate humanitarian crisis to the existing
fragile livelihood, limited infrastructure and services of the community
[24] and might worsened women’s health in the borders. Address-
ing internal and cross-border conflicts through strengthening indige-
nous systems and incorporating local perspectives for conflict resolu-
tion; and creating inclusive and strong government-community rela-
tions in conflict-prone borders could help improve the livelihood of the
community.

Ethiopia has also hosted a large number of refugees escaping con-
flicts, political instability, inter-ethnic clashes and droughts in neigh-
bouring countries [13]. The majority of refugees are settled in camps
located in the border zones: Somalia refugees who fled insecurity and
famine following the collapse of the central government in 1991 are
mainly located in Somali region; Eritrean refugees seeking asylum after
the Ethiopia-Eritrea war in 1998 are hosted in Tigray and Afar regions;
South Sudanese refugees who fled inter-ethnic clashes since 1991 are
hosted in Gambella region; and Sudanese refugees fleeing from the
Blue Nile and Darfur conflicts are settled in Benishangul-Gumz region
(Figure 5.1). Some refugees also live with host communities. Hosting
refugees has both benefits and challenges for the communities that re-
ceive them [181-183]. Disease outbreaks, food scarcity, overburden of
health facilities, security problems and environmental degradation are
among the burdens refugees could bring to the already fragile hosting
community [170, 181]. For instance, a study conducted in Tanzania
documented price increase in non-aid food items in refugee hosting
areas [184], while another study reported the increased incidence of
malaria in refugee-receiving countries [185]. Thus, hosting refugees
cannot be discarded as an additional contributor to the observed high
prevalence of underweight in women residing near the borders. On the
other hand, the presence of refugee camps can contribute to increased
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economic activities, household consumption, and access to health ser-
vices provided in the camp itself [181-183]. Therefore, integrating host
communities in humanitarian interventions for refugees is crucial to in-
crease acceptability and strengthen local response capacity. Further
research to understand pathways through which refugees’ presence af-
fects women’s health is needed.

Our results further depicted that lowland women were more likely
to be underweight. In the lowland areas of Ethiopia, the communities
are mainly pastoralist and semi-pastoralist [176]. Population growth,
increased competition for scarce resources, loss of crop and livestock
productivity due to natural disasters, and poor infrastructure develop-
ment heightened vulnerability of pastorals livelihood [176, 177], which
might have exacerbated the nutrition problem in the area. In addition,
the low dietary diversity and calorie poor pastoralist diet [186], vec-
tor borne diseases like malaria and sleeping sickness in lowlands may
directly or indirectly contribute to women’s underweight [186, 187].
Pastoral communities would benefit from targeted interventions to im-
prove access to water and health care for them and their livestock, diet
diversification programs, and strengthening access to market and live-
stock trade.

It is well recognized that poverty affects an individual’s health status
by various channels, be it through household food security, health care
utilization, access to sanitation facilities, and gender inequality [188].
Our study shows that women from poor families are more likely to be
underweight, but less likely to be overweight. Our results are in line
with similar studies conducted in Ethiopia and other developing coun-
tries [161, 164, 189-191], where poverty is associated with undernu-
trition. Lack of improved toilet facility is a proxy indicator for poor hy-
giene [192], and poor hygiene in turn increases the risk of diseases and
can aggravate undernutrition. As expected, our results portrayed that
women with no access to improved toilet facility had greater chances
of being underweight. Muslim women were more likely to be under-
weight: one of the possible reasons might be the high fertility rate and
shorter birth-interval of muslim women [193], which worsens mater-
nal nutritional status [194].
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We found that the odds of overweight increased with age, educa-
tion, family wealth, having access to improved toilet facility, living in
urban settings or lowlands. Studies conducted in Ethiopia and other
developing countries corroborate our findings [164, 189, 191, 195],
where these factors tend to be associated with overweight and obesity
through reduced physical activity, increased sedentary lifestyle, and in-
creased consumption of high calorie foods and animal products. Fur-
ther exploration of our data revealed that those who had access to im-
proved toilet facilities defines an urban profile, where overweight is
more likely to occur. On the other hand, due to recurrent droughts,
Ethiopian lowlands are primary recipients of large scale humanitarian
aid [180], and relying on food assistance as the main source of food
is a risk factor for overweight [196]. Further, Dire Dawa and part of
Harari regions are located in the lowlands, which are predominantly
urban areas where overweight tend to be higher. Finally, the lower
odds of overweight among never married women could be because
these women are more likely to be younger and less educated, which
are protective factors against overweight. In sum, the problem of over-
weight should not be overlooked, given the well-acknowledged double
burden of under- and over-nutrition currently faced developing coun-
tries [195].

Our study presents some limitations. First, BMI is influenced by
body shape in population with heterogeneous body proportions (ra-
tio of leg-length to torso-length) [86], the most likely case in Ethiopia
given the ethnic diversity. Population with particular body shapes might
also be those living in the border areas (e.g., Gambella women in the
South Sudan border are taller than the average Ethiopian women).
However, as EDHS dataset lacks sitting length to standardize the BMI,
we used the BMI as provided in the survey. Second, since cluster
level characteristics, such as community level poverty, education, ac-
cess to toilet facility, were not collected in EDHS, we included only
three cluster level covariates in our analysis (place of residence, agro-
ecological zones and distance to the border). Third, the cross-sectional
nature of the data only allows making inference on associations, but
precludes establishing causal links. Finally, but importantly, our study



110

only addressed one health component, nutritional status in women
20-49 years of age. The prevalence of other diseases is also relevant,
and other vulnerable groups, such as children, could also be affected
by the border differentials. Moreover, this study can also be extended
to other countries in similar situations, for example, DRC and Chad.

5.5 Conclusions

Women’s malnutrition, particularly undernutrition, remains an impor-
tant public health challenge in Ethiopia, which is not tackled adequately
to date. The burden is particularly heavy among women who lived in
the border zones. Targeted interventions to improve nutritional status
in border zones, including improved access to sanitation and enhanc-
ing household wealth and livelihood, for example, through conditional
cash transfer programs are recommended. Our results also acknowl-
edge pockets of overweight particularly in urban and affluent families,
which should not be overlooked. Finally, our study aims to foster the
debate on the health of communities living near the borders by investi-
gating both internal and external factors. In view of the growing trends
in internal and cross-border insecurity both in Ethiopia and elsewhere
in the region, this type of studies provides important insights into iden-
tifying vulnerable population groups and zones.
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Chapter 6

Discussion, Concluding
Remarks and Future Directions

We conclude this thesis by summarizing the overall findings of the study
and highlighting future directions. First, we discuss the potential of the
existing health surveys in enhancing humanitarian decision-making.
Second, we summarize the burden of malnutrition and mortality in
drought, conflict and border-related settings in Ethiopia. Third, we dis-
cuss the implications of the existing policies and programs in mitigating
the health impact of humanitarian emergencies in Ethiopia. Finally, we
present the limitations of the study, recommend measures to be taken to
improve the dearth of quality data for humanitarian decision-making,
and set an agenda for future studies.
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6.1 Maximizing the Decision-Making Potential
of the Available National and Subnational

Health Surveys in Humanitarian Settings

Evidence concerning malnutrition and mortality in a stable setting is
widely available from surveillance and population-based household sur-
veys. Nonetheless, such evidence are either limited [15, 67] or under-
used [68] in insecure settings. Given the scarcity of resources and the
increasing number of humanitarian emergencies in the world [4, 12,
13], cost-effective and timely data becomes more important than ever
before to improve humanitarian response and preparedness efforts.

The main data sources for health-related events are population- and
health-service-based data sources. The former includes population cen-
suses, household surveys, and surveillance; while the latter includes
facility-based data on morbidity, mortality, service availability, service
quality and utilization. To date, Ethiopia has conducted three national
population and housing censuses (in 1984, 1994 and 2007) [72] and
four DHSs (in 2000, 2005, 2011 and 2016) [84] to support the plan-
ning, implementation, monitoring and evaluation of population and
health programs. Apart from that, a national family and fertility sur-
vey, malaria indicators surveys, behavioral surveillance surveys, the EPI
surveys and nutrition surveys have been undertaken in different time
periods. Despite the smaller geographical coverages and limited health
indicators captured, six Health and Demographic Surveillance Systems
(HDSS) and a mortality surveillance program are functioning under
different universities across the country [197]. Moreover, a continuous
effort has been put in place to install CRVS systems, yet a reliable na-
tionwide system is far from reality. The health-service-based data, gen-
erated through routine recording and reporting of services delivered,
are compiled by the Health Management Information Systems. Fur-
ther, the community health information system collects data on demo-
graphic statistics, health service delivery and utilization based on the
Health Extension Program (HEP; a community-based program provid-
ing primary-level preventive services for households) packages [198].
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The aforementioned data, however, are often collected in stable set-
tings at the national level. Therefore, they often ignore pockets in hu-
manitarian crisis situations because of inaccessibility due to insecurity
and/or disasters. For example, in the 2011 EDHS, 28 of the 65 selected
enumeration areas in Somali region were not listed nor interviewed
due to drought and security concerns [71]; the 2005 EDHS did not
cover five clusters due to inaccessibility [85]; the 2007 population and
housing census excluded eight kebeles in Afar region, bordering Eritrea,
for security reasons [72].

Despite calls for more data in humanitarian settings, applying ad-
vanced and complex survey analysis methods in the available house-
hold surveys could still provide evidence to identify vulnerable groups
and suggest potential interventions. In this regard, an unexploited
wealth of well-designed, high quality and easily available household
surveys, such as the DHS, provides a solution in data dire situations.
Using the DHS data, for example, Akresh and colleagues assessed the
effect of the 1998-2000 Eritrean—Ethiopian war on child health [50],
and the 1967-70 Nigerian civil war on adult stature four decades after
the war [199]; Delbiso and colleagues investigated the impact of living
near international borders on women’s nutritional status in Ethiopia
[125]; Tatah and colleagues examined the impact of refugees on local
health systems in Cameroon [200]; Gaire and colleagues investigated
the impact of natural disasters on child stunting in Nepal [201]. In-
deed, these household surveys often suffer from limited geographical
coverage and poor data quality in areas affected by humanitarian crises,
since accessibility becomes difficult.

Various humanitarian organizations engaged in relief and recovery
activities in fragile countries, including Ethiopia, are actively collecting
data to improve their operations (i.e., to identify and confirm hotspots,
to quantify resource requirement and coverage, to monitor and eval-
uate programs, to generate baseline information, and for intervention
and advocacy purposes). Aggregate analysis of these data is shown to
be a cost-effective alternative for humanitarian decision-making [68,
73]. For example, Degomme and Guha-Sapir [27] documented conflict
dynamics and causes of death in Darfur; Mason et al. [202] assessed
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trends in malnutrition and mortality in population affected by displace-
ment in the Horn of Africa; Nielsen et al. [203] analyzed trends in
malnutrition and mortality in Darfur; Rowhani et al. [127] examined
the impact of inter-annual variability in ecosystems on malnutrition
and armed conflicts in East Africa; Guha-Sapir and Ratnayake [204]
provided evidence on the consequence of the ongoing civil conflicts
in public health indicators in Somalia; all based on aggregated data
from small-scale surveys. The small-scale surveys are indispensable to
reduce cost, save time and speed the humanitarian preparedness and
response efforts.

Recognizing the potential of humanitarian organizations data to im-
prove data-driven humanitarian decision-making, the CE-DAT initiative
pioneered a program in 2003 to compile health indicators data in a
centralized system. The CE-DAT is based on small-scale surveys from
populations affected by humanitarian emergencies [68, 73]. Similarly,
the ENCU of Ethiopia launched a nutrition database in 2005 to store
survey results from organizations conducting emergency nutrition as-
sessments in the country [135]. Despite the availability of many small-
scale surveys in CE-DAT and ENCU, rigorous analysis of such datasets is
lacking in Ethiopia. Furthermore, lack of detailed investigation of the
existing nationally representative household surveys (e.g., the EDHS)
undervalues the potential usage of the datasets in identifying hotspots
and crisis-affected populations, and their public health needs.

Having identified the research gaps and convinced on the impor-
tance of thorough investigation of the existing national and subna-
tional health surveys for evidence-base in areas otherwise inaccessi-
ble, we prompted to undertake this research project. With these back-
drops, we applied advanced epidemiological methods, including meta-
analysis and multilevel modeling in a Bayesian framework, to iden-
tify crisis-prone segments of the population and investigate their public
health burden. In particular, we estimated the burden of acute mal-
nutrition among children 6-59-month-old (Chapter 3) and the USDR
(Chapter 4), and then identified their risk factors (Chapter 3 and
Chapter 4) using small-scale operational survey data from crisis-affected
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areas in Ethiopia. Further, we assessed the burden of women’s malnu-
trition and its determinants in poverty-stricken and crisis-prone border
zones in Ethiopia (Chapter 5) using nationally representative large-
scale survey data, the 2011 EDHS.

6.1.1 The public health impact of droughts and con-
flicts in Ethiopia

Over the last decades, drought mitigation efforts have greatly improved.
However, apart from sketchy and scattered evidence, rigorous synthe-
sis of empirical data on the health impacts of climate change in general
[205] and droughts in particular [66, 145] are lacking in Ethiopia and
elsewhere in the world. This, in turn, creates an evidence vacuum to
evaluate the impact of the ongoing programs in preventing and reduc-
ing drought risks on public health and to guide effective adaptation
strategies. Thus, in this study, we attempted to fill this evidence gap.

According to our findings, exposure to moderate drought was as-
sociated with elevated child undernutrition (Chapter 3); however,
both short- and long-term drought exposures had no association
with U5DR in crisis-affected areas in Ethiopia (Chapter 4). Several
measures have been taken to deal with the brutal impact of recurrent
and severe droughts in Ethiopia. For example, as a lasting solution
to the 1984-85 famine, resettlement of the population from drought-
prone areas in the north to the fertile areas in the south was attempted
in the aftermath of the famine. In addition, villagization, settling the
population in planned villages, was carried out to improve access to
social services [34]. Subsequently, famine early warning systems were
established to provide information on food security for communities in
drought-prone areas. Different agencies, such as the Relief and Rehabil-
itation Commission (Commission for Disaster Prevention and Prepared-
ness as of 1995), were established to coordinate drought response and
preparedness activities, assess the needs and mobilize resources the
soonest possible [36]. Moreover, development programs, such as the
PSNP, have rolled out to minimize drought impacts through the pro-
vision of long-term assistance for drought-prone areas [157]. Overall,
the country implemented numerous policies and strategies to mitigate



116

the catastrophic effects of drought (see more detail in the next section);
most notably, the Food Security Program (FSP), the National Policy on
Disaster Risk Management, the Pastoral Development Policy and Strat-
egy Framework, and the Climate Resilient Green Economy [39, 206].

Despite the promising outcomes of the existing drought mitigation
programs, recurrent droughts are still posing unprecedented impacts.
For example, the 2015-16 El Nifio induced-droughts caused a sub-
stantial drop in agricultural yield (up to 80% drop in some areas) [8,
60]. Although moderate droughts contribute to poor nutrition, its ef-
fect seems underestimated. As discussed in Chapter 3, the existing
early warning systems and humanitarian responses are towards severe
drought-prone areas, giving less or no emphasis to the possible impacts
of moderate droughts.

The impact of violent conflicts on malnutrition and mortality is well
documented [9, 12, 26, 28, 29, 50, 124, 141, 142, 199, 207]. How-
ever, although the impact of conflict is most severe in the specific areas
where it happens, all the aforecited studies did not consider a refined
spatial resolution to accurately measure conflict impact. Rather, they
considered either the whole countries or regions as conflict-affected.
Unarguably, such generalization could bias the real health impact of
conflict events, given the localized impact of many violent conflicts.
With this limitation in mind, we matched the conflict events data at
the lower administrative units with the nutrition data at the same spa-
tial resolution to accurately measure its impact. However, we failed to
find a plausible association between violent conflicts and child un-
dernutrition in Ethiopia (Chapter 3), a finding that contradicts most
studies [29, 50, 199] but is in line with others [127, 143]. As discussed
before, in the last two decades, Ethiopia in general was politically stable
and did not experience severe or intense conflicts. Most of the conflict
events happened in the period were short-lived and had less causality,
and hence might not have had a substantial impact on nutrition.

Despite the relative peace since the end of the 1998-2000 Eritrea-
Ethiopia war, and despite its pivotal role in the regional peace and
security, Ethiopia has been ravaged by internal conflicts in the recent
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years. Conflicts resulting from disputes over administrative boundaries,
grievances caused by systematic discrimination in the attribution of re-
sources and political power, identity and political marginalization, high
unemployment, poor governance, and corruption are becoming more
prevalent and deadly [25, 43-45, 47, 208]. As of 2015, for exam-
ple, unrest has been swept throughout the country. Anti-government
protests driven by accumulated grievances from different groups cou-
pled with ethnic and cross-border clashes are threatening the country’s
stability and the overall livelihood. The protests have been disrupting
the normal day-to-day activities, affecting the social and economic ser-
vice provisions, terrorizing the whole country, and taking a heavy toll
on the economy [47]. Such widespread protests create unprecedented
instability and eventually impact the health outcomes unless they are
addressed properly.

6.1.2 The burden of women’s malnutrition in crisis-

prone border zones in Ethiopia

Border communities are regularly confronted with numerous health-
related matters, but the available data and knowledge are scanty [209].
The increasing cross-border movements of people following the grow-
ing economic, political and social integrations along with the lack of
health or immunization screening for border crossers in many coun-
tries bring new challenges to deal with communicable diseases, such
as malaria, HIV/AIDS, and tuberculosis [209, 210]. Cross-border vio-
lence conflicts, criminalities, and substance abuses are also reported to
be prevalent in the border areas and contribute to security challenges
for the communities [168, 179, 209]. Border communities are often
neglected and have inequitable access to resources, health and other
services [167, 169, 209]. Furthermore, refugees fleeing humanitarian
crises in the neighboring countries are mainly hosted in border zones
and therefore overburden the already scarce livelihoods and services of
the communities thereby worsening their health and nutritional status
[170, 181, 209]. Overall, the growing cross-border insecurity along
with the aforesaid problems in Ethiopia and elsewhere in the region is
a matter of concern and leads to heightened vulnerability to specific
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population groups.

In line with this discussion, our study confirms that women’s mal-
nutrition in Ethiopia is particularly pervasive among border com-
munities (Chapter 5). As already discussed, despite its own inter-
nal political and security challenges, Ethiopia is dealing with the resid-
ual effect of conflict-torn neighbouring countries — Somalia, South Su-
dan, Sudan and Eritrea. A large numbers of people escaping the hu-
manitarian situations in those countries are sheltered in Ethiopia as
refugees. These refugees are predominantly hosted in camps located
in the least developed and conflict-ridden border zones of the coun-
try, which would pose an additional burden to the hosting communities
and would contribute to the observed malnutrition problems. Nonethe-
less, we do not rule out the positive contribution of hosting refugees to
the local populations by stimulating the local economies through hu-
manitarian assistance flows, infrastructure development, employment
opportunities, encouraging new production through price changes in
agriculture and livestock markets [181, 183] and improving access to
health care [181, 182, 200].



119

6.2 Implications of the Existing Policies and
Programs in Mitigating the Burden of Mal-
nutrition and Mortality in Humanitarian

Emergencies in Ethiopia

We found that the burden of child undernutrition in crisis-affected
areas of Ethiopia is declining (Chapter 3) and the burden of USDR
is lower than both the emergency and the baseline thresholds for
sub-Saharan Africa (Chapter 4). The observed reductions in both
child undernutrition and mortality can be considered as the legacy
of different development programs undertaken to reduce poverty and
improve livelihoods in the country. With great ambition to eradicate
poverty and achieve sustainable development, the country implemented
different policies and strategies focusing on agricultural development.
In 1991, the Ethiopian government launched its flagship policy, the
Agricultural Development Led Industrialization (ADLI), with the objec-
tive to alleviate food security and agricultural productivity challenges.
Subsequently, the Sustainable Development and Poverty Reduction Pro-
gram (SDPRP) (2002/03-2004/05), the Plan for Accelerated and Sus-
tainable Development to End Poverty (PASDEP) (2005/06-2009/10)
and the Growth and Transformation Plan (GTP1) (2010/11-2014/15)
have been implemented. The programs paid off substantially; crop pro-
duction has increased, infrastructure development has boomed, and the
country witnessed rapid economic growth and poverty reduction [81].

Following the 1973-74 and 1984-85 famines, food security become
the main focus of the successive governments’ policy in Ethiopia [38].
Launched in 1996 and revised in 2002, the FSP has been enabling
chronically food-insecure people to attain long-term food security. The
different components of the FSP, including the PSNP, the Household As-
set Building (HAB) and Voluntary Resettlement Programs (VRP) have
improved food security through cash transfer or food-for-work, creat-
ing sustainable household and community assets, preventing asset de-
pletion and improving access to fertile lands [81, 206], despite some
reported weaknesses related to the complexity of food security itself
and inadequate planning [211]. The PSNP, one of the largest social



120

protection programs in Africa, has been supporting more than 7 mil-
lion rural food-insecure households annually [81]. The program has
improved household food security [157, 212] and reduced short-term
acute malnutrition [213].

Emphasizing the needs of the less-privileged rural populations and
acknowledging the fundamental components of health (physical, men-
tal and social well-being), the Ethiopian government launched the first
comprehensive Health Policy in 1993 [214]. Following the policy, a
successive twenty-year Health Sector Development Programs (HSDPs),
in four phases (from 1996-97 to 2014-15), have been implemented to
expand access and coverage of health services so as to improve health
outcomes. Different strategies and programs have been developed and
implemented under HSDPs: HEP, child survival strategy, reproductive
health strategy, national nutrition program, and national hygiene and
sanitation strategy [83] are notable examples.

The HEP has been in place since 2003 with the aim to improve ac-
cess and utilization of preventive and basic curative health services to
all Ethiopians, particularly women and children in the rural areas. The
four major areas of the HEP — disease prevention and control, family
health services, hygiene and environmental sanitation, and health ed-
ucation — are closely linked to child survival strategies. Particularly,
programs, such as immunization, oral rehydration therapy, child health
and nutrition education, and distribution of vitamin A, bed nets, anti-
malaria and deworming, are included to improve child health [215].
As a result, immunization for measles and diphtheria-pertussis-tetanus
(DPT3), the two big contributors to child mortality, for example, rose
from 37% and 42% in 2001 to 87% and 92% in 2014, respectively
[81]; insecticide-treated bed net usage among children and women
have improved [216]; access to safe drinking water and sanitation prac-
tices have expanded [84, 217]. Overall, the country’s health sector
has shown impressive progress: physical access to health services ex-
panded, health service delivery and utilization improved, and hence
health outcomes enhanced [81, 83].
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Nutrition has been included as a ’cross-cutting issue’ in all of the
four HSDPs [218]. In 2008, the National Nutrition Strategy (NNS)
was launched with the aim to ensure all Ethiopians secure adequate
and sustainable nutrition. Subsequently, the National Nutrition Pro-
gram (NNP) was introduced in 2013 to improve the coordination of
nutrition approaches and programs [198, 219]. Other health and nu-
trition programs, such as Community Management of Acute Malnutri-
tion (CMAM), Community-based Nutrition Programe, Integrated Com-
munity Case Management (ICCM), and Enhanced Outreach Strategy
(EOS)/ Targeted Supplementary Food (TSF) programe, are in place
[218].

As discussed in Chapter 3, over the last decade, the country showed
considerable economic growth and therfore the share of population liv-
ing below the poverty line declined sharply [3], and the prevalence
of extreme hunger decreased substantially — the MDG target of reduc-
ing hunger by half between 1990 and 2015 has achieved [9]. Primary
healthcare coverage expanded and health outcomes improved; notably,
the MDG target of reducing child mortality has met three years ahead
of the 2015 deadline [10, 81, 215]. Most importantly, the majority of
the programs prioritizes vulnerable population groups and crisis-prone
areas. All these can explain the observed reduction in child undernu-
trition and mortality in our study.

Despite all the efforts and considerable progress made so far, malnu-
trition is still a widespread and deep-rooted problem in Ethiopia in gen-
eral [71, 84, 85] and in crisis-affected areas in particular [143, 150].
The burden of both child undernutrition (Chapter 3) and women’s un-
dernutrition (Chapter 5) in our study shows a serious nutrition crisis
according to the WHO classification [86]. This could be explained by
the rampant poverty and recurrent food insecurity crisis still prevalent
in the country. The food security indicators — diet quantity, diet quality,
diet adequacy, and wealth and poverty — are still inadequate. Accord-
ing to the Comprehensive Food Security and Vulnerability Analysis of
Ethiopia, 40% of Ethiopians consume inadequate quantity (food energy
deficient), 50% consume highly unvaried diet (over 75% of the total
calories from starchy staples only) and 30% consume poor quality diet
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(three or fewer food groups). Furthermore, 28% of households spend
less on food than required (they are below the food poverty line), and
12% spend more than 65% of their expenditure on food (the higher
expenditure on food indicates the more economic vulnerability) [220].
The food insecurity crisis is deepening with land degradation, popula-
tion pressure, small land holdings, backward farm technology, limited-
off farm employment, and poor household asset accumulations, among
others. In addition to that, shocks, including seasonal droughts, floods,
food price inflations and food shortages, deteriorate livelihoods and
force households to limit their meal portions or frequencies, shift to
less expensive and less desirable food, rely on external aid, sell animals
and borrow money [28, 220].

There is also a huge variation in nutrition indicators across regions
and livelihood zones. The prevalence of child undernutrition was
the highest in Somali and Afar regions (Chapter 3); and lowland
women were more likely to be underweight (Chapter 5). These find-
ings can be interpreted in relation to the uneven development and vul-
nerability to different shocks across the regions and livelihood zones,
which could directly or indirectly influence nutritional status as dis-
cussed in Chapter 3 and Chapter 5. Additionally, despite a significant
progress in reducing poverty, the number of poor Ethiopians has in-
creased in seven of the eleven administrative regions between 1995-96
and 2010-11. Particularly, the increase was more than 50% in Somali
and Afar regions; food poverty (the inability of individuals and house-
holds to obtain adequate and nutritious diet for healthy and active life)
has also increased in these regions [220]. The lowlands of Afar and
Somali regions are home for the majority of Ethiopian pastoralists and
are highly vulnerable to shocks, including livestock deaths, droughts
and malaria [187, 220], which contributes to poor nutrition. More-
over, some of the nutrition programs in these regions have either low
in coverage (e.g., CMAM) or integrated lately to the HEP (e.g., EOS and
ICCM) limiting some of the woreda’s benefit from the programs [218].
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6.3 Limitations and Concluding Remarks

6.3.1 Limitations

The CE-DAT initiative collects nutrition and mortality surveys from hu-
manitarian agencies, but the possibility of missing some of the surveys
due to data sharing or publication biases is inevitable. Nevertheless,
we believe that these limitations are not severe in our study for the fol-
lowing two main reasons. First, the CE-DAT project has a strong data
sharing agreement with humanitarian partners operating in Ethiopia,
and hence the data sharing process is effective. Second, we added
more surveys from other similar databases compiling emergency nu-
trition assessment data, such as the ENCU database, and also through
online search to increase the completeness.

Checking the quality of small-scale surveys is challenging. However,
to a large extent, this limitation was dealt with in the different stages
of the survey process and data analysis. First, most of the surveys used
the standardized nutrition survey methodology, SMART, accompanied
by ENA software for sample size calculation, quality checks, standard-
ization of anthropometric measurements, and report generation with
automatic analysis. Second, for most of the surveys, the field opera-
tion was closely followed by the ENCU of Ethiopia, and the CE-DAT
team undertook the entire survey validation process before releasing
the data. Third, the use of Bayesian methods in the analysis allows
incorporation of uncertainty in all parameters and borrow information
from other surveys, and therefore lessens the potential effects of qual-
ity difference across the surveys. Yet, future studies could benefit from
introducing survey quality weight in the analysis to control the quality
differences across the surveys.

Contextual information of malnutrition (Figure 1.5) are not always
collected or have poor quality in some of the surveys. Examples in-
clude, disease incidence, child care practices, water and sanitation con-
ditions, coping strategies, and non-food interventions, are among the
variables either not collected or poorly captured in some of the sur-
veys. This could limit the study’s ability to fully identify the causes of

malnutrition, but still provides insight into the impact of humanitarian



124
emergencies on nutrition.

There is no single index to adequately characterize drought condi-
tions for every place and time period. The selection of drought indices
therefore depends on the types of drought, regions of concern, objec-
tives and available information. The drought index we used, the SPEI,
is a model based index that includes only climatological information
without assumptions about the characteristics of the underlying state
[101]. However, we acknowledge that the underlying factors, such as
the socioeconomic conditions, infrastructure development and stability,
affect drought impacts, yet SPEI is one of the refined index to identify
the spatiotemporal extent of drought and its intensity.

The conflict event databases, both ACLED and UCDP, are predomi-
nantly based on media and humanitarian organizations reports, which
could be prone to reporting bias for political or other reasons. We tried
to minimize this bias by combining the two databases and considering
only the occurrence of conflicts, as data on the impact of conflicts (e.g.,
no. of deaths) are more likely suffer from reporting biases. More limi-
tations are discussed in each of the three published papers (Chapter 3,
Chapter 4 and Chapter 5).

6.3.2 Concluding Remarks

Humanitarian emergencies, mainly recurrent droughts and violent con-
flicts, are widely prevalent in Ethiopia, but comprehensive analysis of
their impact on nutrition and mortality is limited. This is either due to
the lack of nationally representative data in crisis-affected populations
or the non-generalizability of subnational nutrition and mortality sur-
veys conducted in such populations. Consequently, humanitarian deci-
sions and advocacies are often based on anecdotal information or non-
representative data with limited geographical coverage. The overall
aim of this research was therefore to investigate the burden of malnu-
trition and mortality, and to identify its causes in humanitarian settings.
Recognizing the data challenges, we applied advanced epidemiological
methods in the available national and subnational population-based
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household surveys. By doing so, we provided evidence to guide effec-

tive humanitarian response and preparedness actions.

The following main points are worth mentioning:

e Despite an overall declining trend, child undernutrition persists in
humanitarian settings in Ethiopia; and disparities across adminis-
trative regions are evident. As the causes of malnutrition are com-
plex and interlinked (Figure 1.5), multisectoral efforts are needed
to address the problems. Strengthening the implementation of
the existing policies, and continuous monitoring, evaluation and
updating of the programs are crucial to further improve the nutri-
tion situation of populations in humanitarian settings. Broaden-
ing the economy base and enhancing the health system by priori-
tizing the underdeveloped regions (particularly, Afar and Somali)
is vital to alleviate the regional disparities. Overall, strong invest-
ment and consistent follow-up of the implementation of nutrition
sensitive interventions and programs, such as agriculture, social
safety nets, child development and education, are perhaps neces-
sary to improve child nutrition in the country in general and in
humanitarian settings in particular.

e We found a higher prevalence of child undernutrition in moder-
ate drought-affected areas. Similarly, we identified elevated child
mortality in minimal food-insecure areas. In light of these find-
ings, we recommend to re-consider the so called "better-off" areas
while designing development programs and child survival inter-
ventions. In this regard, for example, expanding the PSNP (which
is currently targeting households in the most food-insecure ar-
eas based on the history of emergency food needs) to moderate
drought areas and minimal food-insecure areas would improve
food security and therefore enhance child survival.

e We learned that the burden of women’s malnutrition was the
highest in the border zones. Interventions targeting the border
communities, including improved sanitation and household economies,
for example, through conditional cash transfer, are essential to
enhance their livelihoods and eventually women’s nutritional sta-
tus. Moreover, engaging the local residences in the humanitarian
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response operations and sharing and/or integrating services pro-
vided to refugees with the local communities is crucial to assure
mutual benefits and to facilitate a swift integration of refugees
within the local communities. In this regard, we recognize the
coordinated efforts of the Ethiopian government and other stake-
holder’s, led by the Administration for Refugee and Returnee Af-
fairs, to improve the lives of refugees through different activities,
including access to education and job opportunities.

Although we found no association between conflict and child un-
dernutrition, and between drought and child mortality, the mit-
igation efforts should not downplay the adverse health effects
of these events. Much progress has been achieved in enhancing
early warning systems and improving the effectiveness of human-
itarian aid over the last decade. As a result, the burden of child
mortality fell below both the emergency and baseline mortality
thresholds of sub-Saharan Africa. In view of the growing trends
in internal conflicts and protests, however, the country must un-
derstand the root causes and address them in a concrete way and
most importantly at an early stage in the process of breakdown.
At the last, but not the least, we hope that this study will stimu-
late the efficient use of publicly available databases for informed
decision-making in humanitarian settings, but also in stable set-
tings too.
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6.4 Future Directions

6.4.1 Future directions to improve the coverage and

quality of data for humanitarian decision-making

Encourage countries to develop their own databases to compile
subnational surveys. The CE-DAT is a unique database determined to
gather small-scale nutrition and mortality surveys from crisis-affected
populations in the world, but the data sharing is mainly limited to ei-
ther humanitarian agencies who signed a memorandum of understand-
ing with CRED or agencies publishing their surveys online. This could
undermine the representativeness of the surveys when surveys from
certain parts of the country or from certain organizations are not cap-
tured. Decentralizing the system to the countries and providing tech-
nical support to the country initiatives would improve the coverage
and minimize the data sharing bias. Furthermore, promoting the use
of small-scale operational surveys for policy ingredients and academic
purposes would increase the return on investment of the surveys. De-
veloping a web platform where all agencies conducting surveys could
upload their reports and raw data would also facilitate the data shar-
ing process. Apart from nutrition and mortality surveys, this approach
can also be customized to other health and livelihood indicator studies,
such as food security and reproductive health surveys.

Collect useful contextual information and causes of death data.
Data on the contextual factors, such as food security, infant and young
child feeding practices, disease incidence, climate variability and land
tenure, are important to get the full picture of the severity of the cur-
rent situation, future trends, program needs and causes of malnutri-
tion and mortality in humanitarian settings. However, the majority of
small-scale surveys lack contextual information; for example, among
the small-scale nutrition surveys conducted in Ethiopia between Jan-
uary 2003 and December 2008, only half of them collected contextual
information [221]. Moreover, the burden of disease and cause of death
data are crucial to identify high-risk areas, and to monitor and evalu-
ate the effectiveness of public health programs, but such information is
lacking or not detailed enough in the small-scale mortality surveys.
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Collect or integrate spatial covariates to measure humanitarian
emergencies in national population-based household surveys. Even
though the DHS is a well-designed and nationally representative sur-
vey, it lacks indicators to measure humanitarian crises and its impacts.
Based on the studies we have conducted using the DHS datasets [125,
200, 201], we recommend the DHS program to collect or integrate dis-
aster exposure and violent conflict data in their datasets. In this regard,
we shared our findings with the DHS program directly. They noted our
recommendations and sent out a survey asking data users to suggest
potential spatial covariates, such as rainfall, temperature, population
density and access to roads, they would like to be linked to the final
DHS datasets. We are hoping that the future DHS datasets would allow
users to include spatial data in their analysis to help assess the public
health impact of humanitarian emergencies and therefore better target

interventions.

6.4.2 Future directions for research

Explore the public health impact of hosting refugees in Ethiopia.
With the growing number of refugees around the world, the debate
over the impact of hosting refugees on the hosting population’s liveli-
hood and health service utilization becomes the top agenda of host-
ing countries. Albeit Ethiopia is among the top five refugee-hosting
countries in the world in 2015 [13], such evidence is non-existing.
Therefore, in-depth studies are warranted to specifically figure out both
the pros and cons of hosting refugees in the local communities in the
Ethiopian context. Furthermore, such evidence would lay a foundation
to understand the cross-border health issues and therefore would con-
tribute to Africa’s Regional Integration efforts.

Investigate the public health impact of droughts at the national
level. Our studies based on the CE-DAT surveys (i.e., the drought,
malnutrition, and mortality association studies) can also be extended
to stable settings using the nationally representative EDHS data. The
EDHS provides the raw data on nutrition and mortality indicators geocoded
at the cluster level. This data can be combined with drought indicators

at the same level and would provide more representative and robust
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evidence on the public health impact of droughts at the national level.

Establish the risk factors for malnutrition and mortality in humani-
tarian emergencies according to the conceptual framework of mal-
nutrition. Both the national and subnational population-based house-
hold surveys we used lack information on some of the contextual fac-
tors depicted in the framework (Figure 1.5). This, in turn, constrains
our study’s ability to fully understand the determinants of poor mater-
nal and child nutritional status in humanitarian emergencies. Thus,
further studies considering a wide range of covariates are warranted
to enable us to identify the risk factors and therefore strengthen data-
driven response and preparedness actions.

Apply the findings as a prior information for future studies. As our
findings are based on a large number of small-scale surveys, they can
be used as a credible source of prior information for future studies ap-
plying Bayesian methods.

Review and update the existing baseline and emergency mortal-
ity thresholds. Over the last decades, a substantial progress has been
made in reducing child mortality, both in stable and fragile settings
around the world [6]. The emergency thresholds may need to be re-
viewed and updated accordingly, as the current thresholds dated back
to 1997 when the Sphere project (Humanitarian Charter and Minimum
Standard in Humanitarian Response [153]) was launched. Based on
our findings [222], we provided feedback (when they were circulating
the draft version for feedback) to update the thresholds in the 2018
edition of the Sphere project handbook (under revision) and looking
forward to the latest version updated.
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CE-DAT Completeness Checklist
Form
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Pre-survey preparation and planning

Obijective of the survey

Population

Location

Time period

Translation

Sampling design
15-16 only if cluster sampling, & 17 for
other sampling designs

Final stage

18 only if nutrition module included,
otherwise % 19

Household

21 only if mortality module included,
otherwise & 22

Sample size precision

24-26 only if nutrition module included, &
27 ; 27-29 only if mortality module inclu-
ded, otherwise & 30

Nutrition surve
30-35 only if
nutrition module
1’ included, other-
* wise® 36

1) Nutrition
2) Mortality
3) Vaccination

4) Type of population stated
5) Total population in universe stated

[r=][wo]

6) Geographical scope of the survey stated [=][m]
7) Area excluded from sampling frame listed[#=Inolna]

[

9) Language of the questionnaire is stated [r&][wo]
10) Language of the interview is stated [=1l=]

8) Survey dates are stated ((dd-)mm-yyyy)

11) Pre-testing of questionnaire stated
12) Use of local event calendar stated

13) Training organisation stated
Methods

14) State type of sampling design & rationale=1[#0]
15) State if PPS was used [resInowa]
16) Number of clusters D X _H_
17) State final stage sampling method
18) State if HH without U5 were included
19) State if oversampling was used

20) State definition of HH
21) State selection of U5 in the HH

[es]leo]
M

22) HH selection in a compound is explained=Iroln]
23) Respondent stated (responsible adult) [E][mo]

Mortality surve

36-39 only if mortality module included,
& otherwise 40

Analysis

Nutritional Indicators
41-50 only if nutrition
module included, other-
wise & 51

Definition:

Precision:

indicators

51-61 only if mortality
module included, other-
wise & 62

Precision:

Demographic indicators

Vaccination indicators

62-64 only if vaccination module
included, otherwise & 65

Limitation and bias

66-67 only if cluster sampling, &
68 only if replacement was made,
otherwise % 69

Comparison of results

24) Expected GAM: Stated why? [ws]mn]m]
25) Expected Deff for GAM: Stated why? [r=]wo]na]
26) Desired precision for GAM: Stated why? [m=]no]wms]
27) Expected CMR: Stated why? [=Inolm]
28) Expected Deff for CMR: Stated why? [r=sa]ma]
29) Desired precision for CMR: Stated why? [=]ro]ns]
30) GAM includes bilateral oedema =11
31) Children from 6-59cm or 65-110cm [es]we]
32) Weight rounded to 100g (=]l ]
33) Height rounded to 1mm [=][=o]
34) Children < 87cm measured lying down =1l=1
35) Questionnaire is provided in Appendix [re=][na]

* ¥ CE-DAT Completeness Checllist

DRAFT © 10/09/2009, Centre for Research on the Epidemiology of Disasters - CRED

Interpretation of results

Methods (Ctd)

36) Recall period stated [e=]leo]
37) Denominator calculation indicated [rs]w=]
38) Census method indicated (][]
39) Questionnaire is provided in Appendix ~ [vs]m]

Results
40) Software and statistical procedure stated [ ]
41) GAM is expressed in Z-score (or % median[ms ][]

42) Weight-for-Height Index [esllm]
43) WHO reference (NCHS) is stated [ellre]
44) Confidence interval [ ; ]

45) 95% Cl adjusted by design effect [ves [eo ] ra

46) Design mjﬂmnﬁ_H_

47) Outliers are accounted for [Tl wa]
48) Plausibility checks mentioned [ s ]| wes |

49) Definition of flags stated Ce=ll=]1

50) Sample size of 6-59 30339_H_

51) CMR expressed as death per
10,000/day, 1,000/month or 1,000/year
52) Confidence interval [ ;
53) 95% Cl adjusted by design effec
54) Design effect:|

]

[res]wo ] na]

55) Births: m 57) Deaths: m
56) Persons joined: 58) Pers. left:

59) Population at the time of the survey:[ |
60) n° of households:

61) n° of U5 (0-59 months):

62) MCV coverage by card and history [ves ][ o |

63) Confidence interval [ ; ]

64) n° of children 9-59 BOJﬂImH_H_

Discussion

65) % non response:

66) % inaccessible clusters:
67) Final number of clusters: ]

68) Replacement method stated? [rcsno]ma]

69) Potential bias described? [e=we]
70) Results are compared to a reference C=ll=]
71) Recommendations are given [sll=]
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Appendix B

Details of the 231 Small-scale
Surveys Used in Chapter 3



Survey ID Survey area (Admin 1-Admin 2-Admin 3) Month-Year Wasted Sample Drought Conflict
(%) size episode  status
AF12 Afar - Zone 2 - Megale 05 -2013 11.4 599 No No
AF13 Afar - Zone 2 - Koneba 04 - 2013 11.7 555 Mild No
AF14 Afar - Zone 4 - Gulina 05 - 2013 11.3 513 Severe No
AM50 Ambhara - North Wollo - Meket 04 - 2013 9.8 632 Mild No
OR69 Oromia - East Harerghe - Fedis 10 - 2013 8.0 725 No No
OR70 Oromia - East Harerghe - Deder 09 - 2013 8.0 701 No No
OR71 Oromia - West Harerghe - Anchar 09 - 2013 10.4 693 No No
OR72 Oromia - West Harerghe - Darolebu 04 - 2013 6.4 624 Mild Yes
OR73 Oromia - East Harerghe - Meta 11 -2013 5.8 626 Mild No
OR74 Oromia - Borena - Bulehora 03 -2013 3.3 522 Mild No
OR75 Oromia - West Harerghe - Oda Bultum 03 -2013 4.9 534 Mild No
SN66 SNNP - Wolayita - Damot Pulassa 02 -2013 4.1 438 Mild No
S021 Somali - Jijiga - Harshin 05-2013 15.7 615 No No
S0O22 Somali - Liben - Dollo Ado 08 - 2013 18.3 789 Severe Yes
AMA49 Ambhara - South Wollo - Dessie Zuria 03 -2012 13.6 456 No No
OR66 Oromia - West Harerghe - Oda Bultum 03 - 2012 4.8 500 Mild No
OR67 Oromia - Borena - Bulehora 02 - 2012 5.0 640 Mild No
OR68 Oromia - Borena - Abaya 02 -2012 5.6 549 Mild No
SN64 SNNP - Wolayita - Damot Pulassa 09 - 2012 4.1 511 Mild No
SN65 SNNP - Sidama - Boricha 05 -2012 8.2 661 Moderate No
AMA45 Ambhara - North Wollo - Habru 01-2011 4.9 575 Severe No
AM46 Ambhara - North Gondar - East Belesa 04 - 2011 13.8 623 No No
AM47 Amhara - Wag Hamra - Sekora 03 -2011 14.5 609 Mild No

(A1



AMA48
DDO02
OR56
OR57
ORS58
OR59
OR60
OR61

OR62
OR63
OR64
OR65

AM34
AM35
AM36
AM37
AM38
AM39
AMA40
AM41
AMA42
AMA43
AM44
BGO1

BGO2

DDO1

Ambhara - North Gondar - Wegera
Dire Dawa - NA - Rural kebeles
Oromia - East Harerghe - Deder

Oromia - East Harerghe - Kurkfa Chelle

Oromia - East Harerghe - Midega Tola

Oromia - West Harerghe - Oda Bultum

Oromia - Guji - Liben

Oromia - West Harerghe - Habroo
Oromia - West Harerghe - Boke
Oromia - Borena - Bulehora

Oromia - East Harerghe - Meta
Oromia - East Harerghe - Melkabello
Ambhara - North Gondar - East Belesa
Ambhara - North Wollo - Bugna
Ambhara - North Gondar - Wegera
Amhara - North Wollo - Lasta
Ambhara - South Wollo - Mekdela
Amhara - South Wollo - Dessie Zuria
Ambhara - South Wollo - Dessie Zuria
Ambhara - South Wollo - Delanta
Amhara - Wag Hamra - Abergele
Ambhara - South Wollo - Tenta
Ambhara - South Wollo - Ambasel
Benishangul-Gumuz - Asosa - Kurmuk

Benishangul-Gumuz - Asosa - Bambasi

Dire Dawa - NA - Rural kebeles

12 - 2011
05 - 2011
09 - 2011
01 - 2011
01 - 2011
03 - 2011
06 - 2011
02 - 2011
01 - 2011
02 - 2011
10 - 2011
12 - 2011
04 - 2010
10 - 2010
11 - 2010
04 - 2010
06 - 2010
07 - 2010
04 - 2010
08 - 2010
12 - 2010
04 - 2010
02 - 2010
12 - 2010
11 -2010
08 - 2010

10.6
12.0
5.2
8.8
11.9
12.6
14.4
10.2
6.7
12.3
10.5
9.3
18.8
14.6
13.4
13.0
15.7
11.9
11.3
11.1
11.9
7.4
8.6
17.1
12.5
13.1

604
526
639
506
536
558
866
459
650
765
666
614
672
480
521
641
561
457
524
657
542
774
547
520
590
510

No
Severe
No
No
No
Mild
Mild
Mild
Mild
Severe
Severe
No
No
Mild
Mild
No
No
No
No
No
Mild
No
Mild
Moderate
Severe
Mild

No
Yes
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No

No
No
No
No
No
No
No
No
Yes

€al



OR44
OR45
OR46
OR47
OR48
OR49
ORS50
OR51

OR52
OR53
OR54
ORS55
SN58

SN59

SN60

SN61

SN62

SN63

AM28
AM29
AM30
AM31
AM32
AM33
OR30
OR31

Oromia - Bale - Mena Angetu
Oromia - West Harerghe - Miesso
Oromia - East Harerghe - Melkabello
Oromia - Borena - Abaya

Oromia - West Harerghe - Boke
Oromia - East Harerghe - Kersa
Oromia - West Harerghe - Habroo
Oromia - West Harerghe - Darolebu
Oromia - East Harerghe - Meta
Oromia - East Harerghe - Meta
Oromia - Bale - Mena Angetu
Oromia - Borena - Gelana

SNNP - Wolayita - Damot Woyed, Dugna Fango
SNNP - Wolayita - Offa

SNNP - Wolayita - Damot Gale
SNNP - Sidama - Boricha

SNNP - Sidama - Shebdino

SNNP - Wolayita - Damot Pulassa
Ambhara - South Wollo - Mekdela
Ambhara - South Wollo - Ambasel
Ambhara - South Wollo - Ambasel
Ambhara - South Wollo - Dessie Zuria
Ambhara - North Wollo - Gubalafto
Ambhara - South Wollo - Wara Babo
Oromia - West Harerghe - Hawigudina
Oromia - West Harerghe - Kuni

02 - 2010
04 - 2010
11 - 2010
02 - 2010
01 - 2010
03 - 2010
02 - 2010
10 - 2010
10 - 2010
02 - 2010
07 - 2010
12 - 2010
02 - 2010
02 - 2010
03 - 2010
06 - 2010
03 - 2010
06 - 2010
06 - 2009
03 - 2009
08 - 2009
09 - 2009
06 - 2009
09 - 2009
07 - 2009
03 - 2009

17.7
12.5
9.5
10.1
15.4
7.6
10.4
5.5
9.7
10.7
5.5
5.7
6.1
6.0
4.9
5.5
9.9
5.1
13.2
11.1
12.5
14.2
8.4
11.1
12.3
9.6

654
694
610
737
674
709
644
553
679
721
657
577
929
654
702
508
699
545
567
434
609
451
678
651
709
641

No
Mild
No
No
Mild
No
No
No
No
Mild
No
Mild
No
No
No
Mild
No
Mild
Severe
Mild
Mild
Mild
Severe
Mild
Mild
No

No
No
No
No
No

No
No
No

No
No
No
No
No
No

No
No
No
No
Yes
No
Yes
No
No
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OR32
OR33
OR34
OR35
OR36
OR37
OR38
OR39
OR40
OR41
OR42
OR43
SN46
SN47
SN48
SN49
SN50
SN51
SNS52
SN53
SN54
SN55
SN56
SN57
AM26
AM27

Oromia - West Harerghe - Burka Dintu
Oromia - West Harerghe - Boke
Oromia - East Harerghe - Kombolcha
Oromia - East Harerghe - Kersa
Oromia - East Harerghe - Deder
Oromia - Borena - Abaya

Oromia - West Harerghe - Darolebu
Oromia - East Harerghe - Meta
Oromia - East Harerghe - Melkabello
Oromia - East Harerghe - Goro Gutu
Oromia - Borena - Gelana

Oromia - East Harerghe - Fedis
SNNP - Sidama - Boricha

SNNP - Wolayita - Damot Pulassa
SNNP - Wolayita - Damot Gale
SNNP - Gedeo - Gedeb

SNNP - Gedeo - Bule

SNNP - Gamogofa - Arba Minch Zuria
SNNP - Sidama - Shebdino

SNNP - Gedeo - Gedeb

SNNP - Gedeo - Bule

SNNP - Hadiya - Soro

SNNP - Hadiya - Shashago

SNNP - Wolayita - Bolosso Sorie
Ambhara - South Wollo - Dessie Zuria
Ambhara - South Wollo - Mekdela

07 - 2009
07 - 2009
03 - 2009
03 - 2009
09 - 2009
08 - 2009
10 - 2009
09 - 2009
10 - 2009
11 - 2009
11 - 2009
12 - 2009
04 - 2009
04 - 2009
03 - 2009
02 - 2009
02 - 2009
01 - 2009
03 - 2009
09 - 2009
09 - 2009
01 - 2009
01 - 2009
12 - 2009
05 - 2008
11 - 2008

14.4
14.8
12.6
14.8
10.6
12.6
12.0
11.4
15.2
7.5
14.1
10.9
11.2
12.9
7.4
9.3
7.4
1.4
17.5
6.2
4.4
14.3
8.3
5.7
13.3
12.8

730
691
685
678
678
794
744
683
666
676
839
768
658
680
876
772
876
702
635
617
589
523
591
673
616
686

Moderate
Moderate
Mild
No
Moderate
Mild
Mild
Moderate
Moderate
Moderate
Moderate
Moderate
Mild
Mild
No
No
No
No
No
Moderate
Moderate
No
No
Mild
Moderate
Mild

No
No
No
No
No

Yes
No
Yes

No
No
No
No
No
No

No
No
No

No
No
No
No
No
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OR27
OR28
OR29
SN37
SN38
SN39
SN40
SN41
SN42
SN43
SN44
SN45
AF11
AM22
AM23
AM24
AM25
OR25
OR26
SN31
SN32
SN33
SN34
SN35
SN36
AF08

Oromia - West Harerghe - Darolebu
Oromia - West Harerghe - Kuni
Oromia - East Harerghe - Kersa
SNNP - Wolayita - Offa

SNNP - Wolayita - Damot Woyed, Dugna Fango

SNNP - Wolayita - Damot Pulassa
SNNP - Sidama - Boricha

SNNP - Wolayita - Damot Gale
SNNP - Hadiya - Soro

SNNP - Gurahe - Mareko

SNNP - Wolayita - Damot Gale
SNNP - Wolayita - Damot Pulassa
Afar - Zone 3 - Gewane

Amhara - South Wollo - Dessie Zuria
Ambhara - South Wollo - Kalu
Amhara - South Wollo - Kalu
Ambhara - South Wollo - Dessie Zuria
Oromia - East Harerghe - Fedis
Oromia - West Harerghe - Darolebu
SNNP - Sidama - Bona

SNNP - Silti - Silti

SNNP - Wolayita - Offa

SNNP - Wolayita - Dugna Fango
SNNP - Wolayita - Damot Woyde
SNNP - Silti - Silti

Afar - Zone 4 - Yalo

01 - 2008
09 - 2008
06 - 2008
04 - 2008
03 - 2008
04 - 2008
04 - 2008
07 - 2008
09 - 2008
10 - 2008
12 - 2008
12 - 2008
10 - 2007
01 - 2007
01 - 2007
08 - 2007
09 - 2007
02 - 2007
08 - 2007
05 - 2007
03 - 2007
06 - 2007
06 - 2007
06 - 2007
08 - 2007
03 - 2006

9.1
12.4
13.0
10.1
14.4
17.8
20.3
13.0
11.3

7.3

5.2

5.1
22.6
18.3

9.3
11.4
13.8

8.4
10.3
18.5
10.6

1.6

2.9

2.9

3.9
13.0

497
766
539
763
767
658
656
777
609
656
695
551
570
717
881
544
645
787
719
720
763
442
543
541
606
940

No
No
No
Mild
Mild
Mild
Mild
No
No

No
No
Mild
No
No
Mild
Mild
No
No
Mild
Mild
No
No
No
Mild
Mild

No
Yes
Yes
No
No

No
No
No

No
No
No
No
No
No

Yes
No
No

No
No
Yes
No
No
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AF09
AF10
AM18
AM19
AM20
AM21
OR19
OR20
OR21
OR22
OR23
OR24
SN29
SN30
SO16
SO17
SO18
SO19
5020
AF05
AF06
AFO07
AM15
AM16
AM17
OR16

Afar - Zone 4 - Yalo

Afar - Zone 4 - Teru

Amhara - South Wollo - Dessie Zuria
Ambhara - South Wollo - Kalu
Ambhara - South Wollo - Kalu
Ambhara - South Wollo - Dessie Zuria
Oromia - Borena - Dire

Oromia - Borena - Moyale

Oromia - Borena - Teltele

Oromia - East Harerghe - Kombolcha
Oromia - Bale - Goro

Oromia - East Harerghe - Deder
SNNP - Wolayita - Offa

SNNP - Wolayita - Damot Woyde
Somali - Afder - Dollo Addo and Dollo Bay
Somali - Deghabur - Degehabur
Somali - Gode - East Imey

Somali - Afder - Dollo Addo and Dollo Bay
Somali - Gode - Denan

Afar - Zone 2 - Abe-Ala

Afar - Zone 2 - Berahile

Afar - Zone 2 - Abe-Ala

Amhara - Wag Hamra - Dehana
Amhara - Wag Hamra - Sekora
Ambhara - South Wollo - Kalu
Oromia - West Harerghe - Kuni

11 - 2006
11 - 2006
08 - 2006
07 - 2006
01 - 2006
01 - 2006
01 - 2006
01 - 2006
01 - 2006
04 - 2006
02 - 2006
06 - 2006
06 - 2006
06 - 2006
01 - 2006
02 - 2006
02 - 2006
02 - 2006
01 - 2006
10 - 2005
10 - 2005
02 - 2005
06 - 2005
06 - 2005
07 - 2005
06 - 2005

13.2
11.0
14.3
12.0
9.8
14.3
11.8
12.7
7.5
7.7
7.5
11.1
4.6
4.9
22.2
22.3
23.8
20.8
25.6
15.6
21.1
15.5
18.2
16.8
13.9
7.5

995
996
687
824
905
912
902
903
914
980
903
970
812
807
906
797
933
906
935
964
963
966
900
896
905
961

No
No
No
No
Mild
Mild
Mild
Mild
Severe
Mild
Mild
No
No
No
Mild
Mild

Mild
Mild
No

Mild
No
No
No
No

No
No
No
No
Yes
No
Yes
No
No
Yes
No
No
No
No
No
No

No
No
No

No
No
No
Yes
No
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OR17
OR18
SN22
SN23
SN24
SN25
SN26
SN27
SN28
S014
SO15
AFO03
AF04
OR15
SN21
SO10

SO11
SO12
SO13
AF02
AMO9
AM10
AM11
AM12
AM13

Oromia - West Harerghe - Kuni
Oromia - East Harerghe - Fedis

SNNP - Sidama - Dale

SNNP - Sidama - Awassa

SNNP - Sidama - Dale

SNNP - GAMOGOFA - Gofa Zuria
SNNP - Sidama - Shebdino

SNNP - Wolayita - Offa

SNNP - Wolayita - Damot Woyde
Somali - Fik - Hamero and Fik

Somali - Deghabur - Misraq Gashamo
Afar - Zone 5 - Semu Robi

Afar - Zone 1 - Assayita

Oromia-East Harerghe-Kersa, Meta
SNNP - Sidama - Shebdino

Somali - Afder and Liben - Cherati, Dollo Addo, Dollo
Bay, West-Emey
Somali-Shinilie-Shinele, Dembel, Erer
Somali - Shinilie - Ayshia, Dembel, Erer, Shinile
Somali - Gode - Godie

Afar - Zone 3 - Rural areas

Ambhara - North Wollo - Gubalafto
Ambhara - South Wollo - Kalu

Ambhara - South Wollo - Kalu
Ambhara-South Wollo-Dessie Zuria
Ambhara-South Wollo-Dessie Zuria

12 - 2005
12 - 2005
06 - 2005
09 - 2005
12 - 2005
05 - 2005
05 - 2005
12 - 2005
11 - 2005
05 - 2005
01 - 2005
12 - 2004
12 - 2004
01 - 2004
02 - 2004
10 - 2004

08 - 2004
08 - 2004
02 - 2004
04 - 2003
06 - 2003
07 - 2003
03 - 2003
07 - 2003
11 - 2003

9.1
8.4
18.0
5.8
6.6
3.4
17.9
5.9
5.1
18.2
21.8
10.9
13.4
5.2
9.4
19.8

9.7
11.6
23.5
13.5
4.9
10.1
10.9
13.6
13.9

968
968
962
965
976
960
960
935
915
900
974
880
910
901
1033
900

891
912
925
900
902
1227
930
1113
936

Mild
Mild
No
No
Mild

No
No
No
Mild
No
Mild
No
Mild
No
No

Mild
Mild
Mild
Mild
Mild
Mild
No
Mild
No

No
Yes
No
No
No

No
No
No

No
No
No
No
No
Yes

No
Yes
Yes

No
No
No
No
No
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AM14
OROS8
ORO09

OR10
OR11
OR12

OR13
OR14
SN12
SN13
SN14
SN15
SN16
SN17
SN18
SN19
SN20
SO06
SO07
SO08
SO09
AFO1
AMO5
AMO6

Ambhara - South Wollo - Kalu

Oromia-East Shewa-Adami Tullu Jido

Oromia - West Harerghe - Rural lowland and dry mid-
lands

Oromia - East Shewa - Ziway, Adami Tullu, Jido
Oromia - West Harerghe - Darolebu

Oromia - East Harerghe - Kurkfa Chelle, Grawa, Bedeno,
Mayu

Oromia - West Arsi - Siraro

Oromia - East Harerghe - Golo Odana Meyumuluke
SNNP - Sidama - Boricha

SNNP - Sidama - Dale

SNNP - Wolayita - Offa

SNNP - Wolayita - Offa

SNNP - Wolayita - Offa

SNNP - Silti - Dalocha

SNNP - Silti - Lanfuro

SNNP - Gurahe - Meskan

SNNP - Gurahe - Mareko

Somali - Fik - Fik and Hamero

Somali - Fik - Segeg, Duhun, Gerbo
Somali-Shinilie-Ayshia, Dembel, Erer
Somali-Shinilie-Ayshia, Dembel, Erer

Afar - Zone 3 - Rural pastorals

Ambhara-North Gondar-West Belessa

Ambhara-South Wollo-Dessie Zuria

11 - 2003
10 - 2003
06 - 2003

06 - 2003
06 - 2003
05 - 2003

06 - 2003
12 - 2003
10 - 2003
10 - 2003
09 - 2003
05 - 2003
12 - 2003
12 - 2003
12 - 2003
11 - 2003
11 - 2003
04 - 2003
04 - 2003
10 - 2003
10 - 2003
08 - 2002
07 - 2002
12 - 2002

11.7
8.6
11.9

19.2
6.4
16.9

9.0
7.7
5.2
9.5
21.5
18.8
15.4
7.5
11.5
10.8
14.8
35.7
33.1
13.1
13.0
20.0
15.0
19.3

1052
905
924

909
910
910

871
915
956
900
905
881
910
904
907
942
903
913
910
898
893
900
902
905

No
No
Mild

No

Mild

No
Mild
Mild
Mild
Mild

No
Mild
Mild
Mild

No

No

Moderate
Moderate
Mild
Mild
Mild
Mild
Mild

No
No
No

No

Yes

No

No
No
No
No
No
No

No
No
No
No
No
No
Yes
No
No
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AMO7
AMOS8
ORO06
ORO7
SNO8
SNO9
SN10
SN11
SO05
AMO2
AMO3
AMO0O4
OR04
ORO5
SNO7
AMO1
ORO1
ORO2
ORO3
SNO1
SNO2
SNO3
SNO4
SNO5
SNO06
SO01

Ambhara - South Wollo - Kalu

Ambhara - South Wollo - Kalu

Oromia - Borena - Moyale

Oromia - East Harerghe - Golo Oda, Meyu Muluke
SNNP - Wolayita - Lowland areas

SNNP - Wolayita - Highland areas

SNNP - KAT - Alaba Special

SNNP - Hadiya - Badawocho, Soro
Somali - Liben - Moyale

Ambhara - South Wollo - Legambo
Ambhara - South Wollo - Kalu
Amhara-East Gojam-Goncha Siso Enebse
Oromia - Borena - Yabello, Teltele
Oromia - East Harerghe - Golo Odana Meyumuluke
SNNP - Wolayita - Damot Woyde
Ambhara - South Wollo - Kalu

Oromia - Borena - Arero

Oromia - Borena - Arero

Oromia - Borena -

SNNP - Wolayita - Damot Woyde

SNNP - Konso Liyu - Konso Special
SNNP - Wolayita - Bolosso Sorie

SNNP - Wolayita - Offa

SNNP - Wolayita - Damot Woyde

SNNP - Wolayita - Bolosso Sorie

Somali - Fik - Fik

11 - 2002
01 - 2002
03 - 2002
10 - 2002
01 - 2002
01 - 2002
08 - 2002
08 - 2002
03 - 2002
02 - 2001
02 - 2001
06 - 2001
03 - 2001
03 - 2001
04 - 2001
10 - 2000
07 - 2000
10 - 2000
12 - 2000
10 - 2000
08 - 2000
11 - 2000
10 - 2000
03 - 2000
06 - 2000
07 - 2000

18.7
11.5
8.3
17.0
5.6
5.5
7.6
12.1
19.2
11.6
15.8
10.2
5.8
21.5
3.7
12.6
15.9
12.4
7.3
8.7
12.7
9.0
21.7
27.6
46.1
26.1

909
903
907
902
901
906
902
904
908
914
907
905
954
926
906
910
901
959
957
903
907
1031
882
960
908
514

Mild
Mild
Mild
Mild
No
No
Moderate
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SO02 Somali - Fik - Hamero 07 - 2000 34.1 300 Mild No
SO03 Somali - Fik - Duhun 07 - 2000 41.5 358 Mild No
SO04 Somali - Fik - Segeg, Duhun 11 - 2000 26.2 914 Mild No

Wasting was defined as weight-for-height z-scores below -2, standardized to WHO reference [92]. Conflict events were occurrence
of conflict in a given location within six months of the survey starting date. Data from the Armed Conflict Location and Event Dataset
[103] and the Uppsala Conflict Data Program Armed Conflict Dataset [104] were combined into a binary variable. Drought episodes
in a given location were based on the three-month standardized precipitation evapotranspiration index (SPEI) from the Global
Drought Monitor database [98], and categorize according to [136]: no drought (SPEI > 0), mild drought (-1 < SPEI < 0),
moderate drought (—1.5 < SPEI < —1) and severe to extreme drought (severe drought hereafter) (SPEI < —1.5)
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Appendix C

Details of the 88 Small-scale
Surveys Used in Chapter 4



DT

Survey ID Survey area (adminl-admin2- Month- No. No. of Short- Long- GAM MCV  Food Livelihodd
admin3) Year of U5 chil- term term (%) (%) inse- zones
deaths dren drought drought curity
AMO1 Ambhara-South Wollo-Ambasel 03 - 2009 2 288 moderate moderate  11.1 87.5 crisis  cropping
AMO2 Amhara-South Wollo-Ambasel 08 - 2009 0 347 normal moderate  12.5 82.2 crisis  cropping
AMO3 Ambhara - South Wollo - Dessie Zuria 09 - 2009 2 239 mild moderate  14.2 83.4 crisis  cropping
AMO04 Ambhara-North Wollo-Gubalafto 06 - 2009 1 292 severe  moderate 8.4 78.9 crisis  cropping
AMO5 Amhara - South Wollo - Wara Babo 09 - 2009 5 422 mild moderate  11.1 83.6 crisis  cropping
ORO1 Oromia - West Harerghe - Boke 03 - 2009 7 780 mild moderate  14.8 32.6 crisis ~ agropastoral
ORO2 Oromia - West Harerghe - Burka 07 -2009 8 820 moderate moderate  14.4 18.5 crisis  agropastoral
Dintu
ORO3 Oromia - East Harerghe - Deder 09 - 2009 1 766  moderate moderate  10.6 54.7 crisis  cropping
OR04 Oromia - East Harerghe - Goro Gutu 11 - 2009 1 764 mild severe 7.5 61.0 crisis  cropping
ORO5 Oromia - West Harerghe - Hawigud- 07 - 2009 2 802 mild mild 12.3 24.4 NA agropastoral
ina
ORO06 Oromia - East Harerghe - Kersa 03 - 2009 2 678 mild normal 14.8 64.2 crisis  cropping
ORO7 Oromia - East Harerghe - Meta 09 - 2009 2 764 severe severe 11.4 61.9 crisis cropping
SNO1 SNNP - Gamo Gofa - Arba Minch 01 - 2009 0 702 normal normal 1.4 92.8 NA cropping
Zuria
SNO2 SNNP - Sidama - Boricha 04 - 2009 5 706 moderate mild 11.2 68.1 crisis  cropping
SNO3 SNNP - Gedeo - Bule 02 - 2009 2 996 mild normal 7.4 62.1 NA cropping
SN04 SNNP - Gedeo - Bule 09 - 2009 3 655 severe  moderate 4.4 27.2 crisis  cropping
SNO5 SNNP - Wolayita - Damot Gale 03 - 2009 8 733 mild normal 9.9 64.2 NA cropping
SNO6 SNNP - Gedeo - Gedeb 09 - 2009 2 700 severe  moderate 6.2 40.3 crisis  cropping
SNO7 SNNP - Hadiya - Shashago 01 - 2009 1 591 normal normal 8.3 10.2 NA cropping
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OR12 Oromia - Bale - Mena Angetu 02 - 2010 6 731 normal moderate  17.7 44.3  stressed (:roppingg
OR13 Oromia - Bale - Mena Angetu 07 - 2010 5 794 normal normal 5.5 54.6 stressed cropping
OR14 Oromia - East Harerghe - Meta 02 - 2010 4 721 mild severe 10.7 77.3  stressed cropping
OR15 Oromia - East Harerghe - Meta 10 - 2010 1 679 normal mild 9.7 71.7 crisis  cropping
OR16 Oromia - Borena - Abaya 02 - 2010 2 737 normal moderate  10.1 35.8 stressed agropastoral
OR17 Oromia - West Harerghe - Boke 01 - 2010 2 674 mild moderate  15.4 44.0 stressed agropastoral
OR18 Oromia - West Harerghe - Habroo 02 - 2010 0 644 normal mild 10.4 44.4  stressed cropping
SN10 SNNP - Sidama - Boricha 06 - 2010 1 508 severe severe 5.5 79.1 crisis cropping
SN11 SNNP - Wolayita - Damot Gale 03 - 2010 0 702 normal mild 4.9 71.4 stressed cropping
SN12 SNNP - Wolayita - Damot Pulassa 06 - 2010 2 545 mild mild 5.1 82.2  stressed cropping
SN13 SNNP - Wolayita - Offa 02 - 2010 4 622 normal mild 8.2 47.0  stressed cropping
SN14 SNNP - Sidama - Shebdino 03 - 2010 2 699 normal mild 9.9 77.5 stressed cropping
SN15 SNNP - Wolayita - Humbo 04 - 2010 3 933 mild mild 4.0 91.0 crisis  cropping
AM17 Ambhara - North Gondar - East Be- 04 -2011 1 697 normal mild 13.8 72.1 crisis  cropping
lesa
AM18 Amhara - North Wollo - Habru 01-2011 2 716 severe severe 4.9 73.6  stressed cropping
Woreda
AM19 Amhara - Wag Hamra - Sekora 03 -2011 0 609 normal mild 14.5 80.7 stressed cropping
AM20 Ambhara - North Gondar - Wegera 12 -2011 1 690 mild mild 10.6 11.9 stressed cropping
Woreda
DDO02 Dire Dawa - Dire Dawa - Dire Dawa 05 - 2011 4 583 severe severe 12.0 57.4 stressed agropastoral
zuriya
OR19 Oromia - West Harerghe - Boke 01 - 2011 2 650 moderate  normal 6.7 82.8 crisis  agropastoral
OR20 Oromia - Borena - Bule Hora 02 -2011 1 765 moderate severe 12.3 36.7 stressed agropastoral
OR21 Oromia - West Harerghe - Habroo 02 - 2011 0 460 mild normal 10.2 66.4 stressed cropping
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OR36 Oromia - East Harerghe - Meta 11 - 2013 1 687 mild severe 5.8 81.9  stressed croppingg
OR37 Oromia - West Harerghe - Oda Bul- 03 - 2013 0 606 mild mild 4.9 60.2 crisis  cropping
tum

SN18 SNNP - Wolayita - Damot Pulassa 02 -2013 1 476 mild mild 4.1 79.3 stressed cropping
AF04 Afar - Afar Zone 2 - Afdera 04 - 2014 4 575 normal normal 27.0 4.6 crisis  pastoral
AFO05 Afar - Afar Zone 4 - Gulina 07 - 2014 1 522 normal normal 11.6 12.2  stressed pastoral
GAO1 Gambella - Nuer - Jikawo 08 - 2014 14 588 mild severe 18.4 56.0 minimal cropping
OR38 Oromia - Borena - Bule Hora 03 -2014 2 606 normal normal 5.3 49.0 minimal agropastoral

The mortality data were obtained from the small-scale retrospective mortality surveys. The short- and long-term droughts in a given location were
based on the 3- and 12-month standardized precipitation evapotranspiration index (SPEI), respectively, from the Global Drought Monitor database
[98], and then categorised according to [136]: no drought (SPEI > 0), mild drought (—1 < SPEI < 0), moderate drought (—1.5 < SPEI <
—1) and severe to extreme drought (severe drought hereafter) (SPEI < —1.5). Food insecurity was based on the integrated food security phase
classification (IPC). NA: data not available.
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