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Despite the intuitive connection between drought and mortality, we still lack a sound quantitative
synthesis of evidence drawn from the available data. In this study, we estimate the pooled under-five
death rates (U5DR) and assess the effect of drought on child death in Ethiopia. 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 insecurity 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. The
pooled U5SDR 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. We failed to
. find a plausible association between drought and U5DR. However, minimal food insecure areas showed
elevated U5SDR compared to stressed food insecure areas. Furthermore, the USDR increases as the
prevalence of acute malnutrition increases. Targeted interventions to improve the underlying causes of
child malnutrition are crucial. Further, revising and updating the existing mortality thresholds, both the
baseline and the emergency, is recommended.

° 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'. 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?. The health
- impact of drought is complex and long lasting. Drought has been associated with excess mortality through induc-
ing 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 triggering drought-induced migration. When combined with poverty, weak health infrastructure and
: poor sanitation, its impact is even worse>*.
: 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 depend-
. ent on subsistence and rain-fed agriculture, meaning that the majority of the population is highly vulnerable
to drought®. The most severe of which was the mid-1980s famine, in which, even with a massive humanitarian
response, elevated malnutrition prevalence was observed and an estimated 700,000 excess deaths occurred®”.
Despite the noticeable improvements in the overall development and the achievement of the Millennium
. Development Goals (MDGs) target of reducing hunger by half between 1990 and 20158, every year, a significant
. portion of Ethiopians rely on food assistance mainly due to recurrent droughts. For example, in 2015-16, follow-
ing 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 (over 10% of the total population) were in need of urgent
food assistance’.
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Figure 1. Flowchart of the small-scale mortality surveys included in the meta-analysis from Ethiopia, 2009-
2014. CE-DAT: Complex Emergency Database. USDR: Under-five Death Rate.

Pooled data investigating the effects of drought on child mortality are scarce in crisis-affected areas. A recent
systematic review by Stanke 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®. The few
available studies have focused on the immediate causes of malnutrition and mortality in complex emergencies,
which include inadequate dietary intake and diseases, such as diarrheal diseases, acute respiratory infections,
measles, malaria, and severe malnutrition'®!!. Only one study investigated the relationship between drought and
child survival in Ethiopia and this was conducted in the 2002/03 drought'?. No difference in child mortality was
observed between drought affected and non-affected areas; however, study limitations, 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'?. To address this research gap and provide a sound quantitative
synthesis, we explored the effect 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 esti-
mate of the under-five death rates (U5SDR) and to investigate the effect of drought on child death while controlling
for the possible contextual factors, identified based on the United Nations Children’s Fund (UNICEF) conceptual
framework of malnutrition'>* and available data. These factors include acute malnutrition, measles-containing
vaccination (MCV), food insecurity, and livelihood zones.

Results

Identification and selection of surveys. We initially extracted 142 small-scale surveys reporting under-
five deaths from the Complex Emergency Database (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: 1) surveys conducted in permanent resident populations;
2) surveys based on probability sampling methods (simple random sampling, systematic sampling, or cluster
sampling); 3) surveys based on 3 month recall period; and 4) 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 (Fig. 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%) surveys were conducted in 2014. The details of each of the surveys are available in
Supplementary Table S1.

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
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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%)
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Table 1. Description of the 88 small-scale mortality surveys from Ethiopia, 2009-2014. SNNP: Southern
Nations, Nationalities and People.

Subgroups No. of surveys Sampled children USDR (95% Crl)

Short-term drought

No drought 38 23077 L] 0.293[0.206, 0.401]
Mild 28 17995 L 0.323[0.214,0.460]
Moderate 10 6681 L] 0.308[0.160, 0.551]
Severe 12 7466 L | 0.403 [ 0.231, 0.667 ]
Heterogeneity: 1.2 =0.41; 95% Crl:0.19-0.78
Long-term drought
No drought 29 18276 L] 0.324[0.224,0.451]
Mild 25 15451 [ ] 0.204 [ 0.129, 0.307 ]
Moderate 18 10565 L] 0.471[0.307 , 0.696 ]
Severe 16 10027 eom——) 0.380[0.237,0.577]
Heterogeneity: 12 = 0.34; 95% Crl:0.14-0.67
Livelihood zone
Cropping 65 39720 L] 0.319[0.243, 0.406 ]
Agropastoral 19 13149 ] 0.290[0.182, 0.443 ]
Pastoral 4 2350 e ——— 0.500[0.200, 1.149]
Heterogeneity: 1.2 =0.39; 95% Crl:0.19-0.74
Food insecurity
Minimal 4 2406 e —— 0.722[0.317,1.458]
Stressed 37 23295 - 0.287[0.205,0.388 ]
Crisis 40 24660 L] 0.338[0.246 , 0.446 ]
Heterogeneity: .[2 =0.29; 95% Crl:0.09-0.64
Overall 88 55219 L] 0.323[0.254,0.397 ]
Heterogeneity: Tz =0.38; 95% Crl:0.17-0.71
r T T 1
0.000 0.500 1.000 1.500

Under-five Death Rate (USDR)

Figure 2. Forest plot showing the pooled U5DR and their 95% CrTs5, stratified by short- and long-term

drought exposure levels, livelihood zones and food insecurity level from 88 small-scale mortality surveys from
Ethiopia, 2009-2014. The U5DR was based on the small-scale retrospective household surveys®2. The short-

and long-term droughts in a given location were based on the 3- and 12-month standardized precipitation
evapotranspiration index (SPEI), respectively®. Food insecurity was based on the integrated food security phase
classification (IPC)®%; and it is available for 81 survey locations. Livelihoods are based on similarities in terms of
economic activity, food source, and income and market opportunities. CrI: credible interval.

surveys were from the three highly populated regions of the country: Oromia (n= 38, 43.2%), Amhara (n=22,
25.0%), and the Southern Nations, and Nationalities and People (n =18, 20.5%) (Table 1). Regarding drought
exposure, n = 50 (56.8%) and n = 59 (67.0%) of the surveys were conducted in areas affected by mild to severe
drought in the short- and long-term, respectively. Most of the surveys (n =65, 73.8%) were conducted in crop-
ping areas (versus pastoral and agropastoral). Moreover, n = 84 of the surveys (95.1%) were conducted in areas
suffering from stressed or crisis level food insecurity (Fig. 2).

Pooled U5DR across the surveys, subgroup meta-analysis and meta-regression. The forest
plot in Fig. 2 shows the pooled USDR according to the subgroups. The pooled U5DR in the study period was
0.323/10,000/day (95% credible interval, CrI: 0.254-0.397). The heterogeneity among the survey estimates was
72=0.38 (95% Crl: 0.17-0.71) (Fig. 2). The U5DR was not associated with both short- and long-term droughts
(Table 2). Pastoral areas showed higher U5DR (0.500; 95% CrI: 0.200-1.149) (Fig. 2), but there was no plausible
difference compared to agropastoral areas (Table 2) which had U5DR of 0.290 (95% Crl: 0.182-0.443) (Fig. 2).
Minimal food insecure areas had a higher U5DR (0.722; 95% CrI: 0.317-1.458) than areas reporting stressed
food insecurity (USDR = 0.287; 95% CrI: 0.205-0.388) (Fig. 2) and the difference was statistically plausible
(DRR =2.36;95% Crl: 1.05-5.02 Model 1; DRR =2.36; 95% CrI: 1.09-4.68 Model 2) (Table 2). Every one-percent
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Model 1 Model 2

Posterior Posterior
Moderators DRR 95% CrI | DRR 95% Crl
Drought exposure
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 | 1.20 0.71;2.01
Food insecurity
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 zones
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
g‘:‘ﬁlmce of 1.09 1.041.14 | 1.07 1.03; 1.12
MCYV coverage 1.00 0.99;1.01 | 1.00 0.99; 1.01
gg;rgff)“e“y: ™ 10.19(0.01;0.54) 0.13 (0.01; 0.44)

Table 2. Results from a Bayesian Poisson meta-regression models of small-scale mortality surveys from
Ethiopia, 2009-2014. Model 1 investigates the effect of short-term droughts on child mortality, 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*. 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% CrI. DRR:
death rate ratios; Crl: credible interval; Ref: reference category.

increase in the prevalence of global acute malnutrition (GAM) was associated to an increase of 9% (95% CrI:
4-14%) and 7% (95% Crl: 3-12%) in the median U5DR in Model 1 and Model 2, respectively (Table 2). On the
other hand, there was no plausible association between USDR and both MCV coverage and livelihood zones.
Further, the interaction between droughts and the moderators were implausible. The inclusion of moderators in
the meta-regression explained the heterogeneity substantially - the 72 statistic decreased by 50.0% and 65.9% for
Model 1 and Model 2, respectively (Table 2).

Discussion

Child mortality reflects the general health of the population and is one of the indicators used to benchmark the
severity of a crisis'" °. Despite anecdotal and crude evidence on the association between drought and mortality
in Ethiopia and elsewhere in the world* ¢, 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?™. With the aim of addressing this gap, we conducted 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 0.323/10,000/day, which is considerably lower than both the
emergency threshold death rate of 2.1/10,000/day and the baseline threshold of 1.07/10,000/day for sub-Saharan
Africa'®. 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 between 1990 and 2015®. Consequently, the
under-five mortality rate dropped from 166 deaths per 1000 live births in 2000 to 67 in 2016". This achievement
could be attributed to the progress made in improving the coverage of health services and immunization® 8.

Crisis-affected areas often show elevated mortality. For example, fragile states in Africa reported 20% higher
child mortality compared to low-income countries'. However, we obtained a pooled U5DR estimate, 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 USDR
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 contributes to improving health. Furthermore, security conditions often 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 areas®, should not be ruled out. Overall, the lower than expected USDR 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®. Our findings highlight the need to review and update the
existing mortality thresholds'®, both the baseline and the emergency thresholds.
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Neither short- nor long-term droughts were associated with U5SDR. This could be explained by the resilience
capacity the country developed over time to deal with shocks related to drought and food shortage. First, the
country adopted a national policy on disaster prevention and management in 1993 to reduce disaster risks and
its potential consequences??. Weather forecasting and early warning systems have been strengthened, and relief
assistance has become more predictable and timely®. Second, in 2005, Ethiopia launched a safety net program
targeting chronically food insecure households in famine-prone areas to provide a long-term solution for mini-
mizing 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 program benefits approximately 8 mil-
lion people in rural areas annually® ?. 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 emergency®.

The meta-regression shows that USDR increases with the prevalence of GAM, echoing the well-documented
fact that child wasting and mortality are directly associated'"?4-2%, Malnutrition aggravates infectious diseases,
thereby increasing the risk of child mortality?”. For example, in 2011, about 45% of all child deaths in the world
(3.1 million child deaths) were attributable to undernutrition*; and in Ethiopia, this figure was 28% between 2004
and 2009%%. The effect is more apparent in countries going through humanitarian crises where the prevalence of
malnutrition is twice that of low-income countries'. Despite the declining trend, the prevalence of acute mal-
nutrition in crisis-affected areas in Ethiopia remains high, more than 10%2%%. 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 increasing susceptibility to diseases®. Surprisingly, our result shows that areas with
minimal food insecurity had higher U5DR than areas with stressed food insecurity. This finding contradicts the
existing evidence®”*!, which indicates that higher food insecurity is directly associated with higher child mor-
tality. One possible explanation is that areas with minimal food insecurity may not attract the attention 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 caution. 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 estimates 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 is warranted.

While interpreting the results, the following limitations should be taken into consideration. First, retrospec-
tive mortality surveys are heavily affected by recall bias which may lead to under reporting 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). Second, despite improvements in data quality assurance of mortality indicators 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®2. Third, although CE-DAT strives to gather all nutrition
and mortality surveys from humanitarian agencies, the possibility 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 shar-
ing agreement with the majority of the agencies operating in the country. Fourth, the majority of the small-scale
surveys in CE-DAT does not have information on the underlying causes of child mortality, such as disease inci-
dence, child care practices, water and sanitation 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 lim-
ited literature surrounding the topic and stimulates debates for further exploration of the link between drought
and child mortality in humanitarian emergencies.

In conclusion, the estimated pooled U5DR was below both the country’s average and the baseline threshold
for sub-Saharan Africa. This indicates the need to review and update the existing mortality thresholds. Exposure
to both short-and long-term droughts was not associated with U5DR in Ethiopia. However, minimal food insecu-
rity was associated with elevated USDR and hence, these areas should not be overlooked by the intervention pro-
grams. 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 recognizes the enormous progress
made by the country in enhancing drought resilience.

Methods
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 con-
cern, mortality information is often gathered through retrospective household surveys'®. Among them are small-
scale operational surveys, which are conducted by humanitarian organizations in crisis-affected areas. Small-scale
surveys have been shown to be a useful source of information for humanitarian decision making®. These sur-
veys are publically available in the CE-DAT, 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 factors 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 methodol-
ogy for nutrition and mortality surveys, the Standardized Monitoring and Assessment of Relief and Transitions
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(SMART) methodology?®®. Within Ethiopia, the survey process is monitored by the Emergency Nutrition
Coordination Unit. The survey reports are further validated by the CE-DAT team using the established complete-
ness checklist, prior to entering the survey results into the database®. The following indicators were extracted
from the CE-DAT: the number of under-five deaths, the number of under-five children and the U5DR; the preva-
lence 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 S1).

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 mid-year population of
under-five years at risk of death, and the recall period. The prevalence of GAM was calculated based on z-scores
of weight and height measurement of children aged 6-59 months. The weight-for-height z-score below —2 is
indicative of GAM or wasting®’. The MCV coverage 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.

Drought exposure data. Different indices have been developed to quantify, monitor and analyse drought
(e.g., the Palmer drought severity index, the standardized precipitation index, and the standardized precipitation
evapotranspiration index)**. We used the Standardized Precipitation Evapotranspiration Index (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 combined effect of precipitation
and temperature. For example, a 3-month SPEI obtained at the end of August compares the precipitation and
temperature 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®” *®. 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 duration
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 information about drought conditions at the global-scale with 0.5 degree spatial resolu-
tion 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 negative values, typically
in the range between —2.5 and 4-2.5, indicating wet- or dry-conditions, respectively®. For ease of interpretation,
we categorized the SPEI values into: 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 security and livelihood zones data. Food security encompasses availability, accessibility, utiliza-
tion and stability of food for a healthy and active life*’. We obtained the food security data from the Famine Early
Warning Systems Network (FEWS NET, http://www.fews.net/), which provides evidence-based analysis on early
warning and food insecurity. FEWS NET uses the Integrated Food Security Phase Classification (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 classifies areas with
food insecurity into five phases — minimal, stressed, crisis, emergency, and famine®. We gathered historical food
security phase data from the FEWS NET quarterly food security reports. Data was available for 81 survey areas
from 2009 onwards. In addition, 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.

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 survey 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 improve precision®. When applied in humanitarian
decision making, the analytical approach can strengthen informed response and preparedness thereby enhancing
evidence-based decision making at large scale?® %32,

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 contextual 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 coverage. We also tested the inter-
action effects to assess whether the association 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 regression model for meta-analysis was used as a remedy
to circumvent these issues. 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*!.

Assume that the observed number of under-five deaths in survey i, d,(i = 1,...,88), follows a Poisson distri-
bution with \; (expected number of under-five deaths in survey i). A random-effects meta-analysis using Poisson
regression is then expressed as:
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d; ~ Poisson(X;)
log(A;) = M+ Bix; + log(n;)
B~ Normal(, 7°) (1)

where y; represents the under-five death rate in survey i, 6 represents the pooled under-five death rate, 72 is the
between-survey variance, x/s are the survey-specific moderators, 3/’s are the regression coefficients, and the num-
ber of under-five children in survey i,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: inverse—gamma(0.001,0.001) for the variance
parameter, 7% and Normal(0,10°) for 6 and 3/s. The Bayesian meta-analysis was performed in WinBugs version
1.4*2, where the Markov Chain Monte Carlo (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
visually inspecting the trace- and autocorrelation-plots*'. The metafor package* in R statistical software** 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 esti-
mates of the USDR, death rate ratios (DRR), and 95% credible intervals (CrI) derived from the 2.5% and 97.5%
percentile. The statistical significance (plausibility) was judged based on the non-inclusion of 1.0 in the 95% CrlI.

References

1. Wisner, B. & John, A. Environmental health in emergencies and disasters: a practical guide. (World Health Organization, 2002).

2. UNISDR, CRED. The human cost of natural disasters 2015: a global perspective. (The United Nations International Strategy for
Disaster Reduction (UNISDR) and the Centre for Research on the Epideiology of Disasters (CRED), 2015).

3. Stanke, C., Kerac, M., Prudhomme, C., Medlock, J. & Murray, V. Health Effects of Drought: a Systematic Review of the Evidence. Plos
Crrrents Disasters 5, 1-38, doi:10.1371/currents.dis.7a2cee9e980f91ad7697b570bcc4b004 (2013).

4. Ebi, K. L. & Bowen, K. Extreme events as sources of health vulnerability: Drought as an example. Weather Clim. Extrem. 11, 95-102,

doi:10.1016/j.wace.2015.10.001 (2016).

. The World Bank. Natural hazards, unnatural disasters: the economics of effective prevention. (The World Bank, 2010).

6. Taye, A., Hailemariam, D. & Murray, V. Interim report: Review of evidence of the health impact of famine in Ethiopia. Perspect.
Public Health 130, 222-226, d0i:10.1177/1757913910379197 (2010).

7. Kidane, A. Mortality estimates of the 1984-85 Ethiopian famine. Scand. J. Public Health 18, 281-286,
doi:10.1177/140349489001800409 (1990).

8. National Planning Commission and the United Nations in Ethiopia. Millennium Development Goals Report 2014 Ethiopia:
Assessment of Ethiopia’s Progress towards the MDGs. (National Planning Commission and the United Nations in Ethiopia, 2015).

9. Magadzire, T. & Galu, G. El Nifio update (Horn and Southern Africa focus). In Glob. Learn. Evid. Exch. Clim. Smart Agric. Africa,
March 13-16, 2016 Lusaka, Zambia (2016). Available at: https://agrilinks.org/sites/default/files/March14_Session2.5.pdf. Accessed
October 02 (2016).

10. Moss, W. J. et al. Child health in complex emergencies. Bull. World Health Organ. 84, 58-64, doi:10.2471/BLT.00.00000 (2006).

11. Salama, P. et al. Malnutrition,Measles, Mortality, and the Humanitarian Response During a Famine in Ethiopia. JAMA 286, 563-571,
doi:10.1001/jama.286.5.563 (2001).

12. De Waal, A, Taffesse, A. S. & Carruth, L. Child survival during the 2002-2003 drought in Ethiopia. Glob. Public Health 1, 125-32,
doi:10.1080/17441690600661168 (2006).

13. Black, R. E. et al. Maternal and child undernutrition: global and regional exposures and health consequences. Lancet 371, 243-260,
doi:10.1016/S0140-6736(07)61690-0 (2008).

14. United Nations Children’s Fund (UNICEF). The state of the world’s children 1998. (Oxford University Press, 1998).

15. Working Group for Mortality Estimation in Emergencies. Wanted: studies on mortality estimation methods for humanitarian
emergencies, suggestions for future research. Emerg. Themes Epidemiol. 4,9, doi:10.1186/1742-7622-4-9 (2007).

16. The Sphere Project. Humanitarian Charter and Minimum Standards in Humanitarian Response. (Practical Action Publishing, 2011).

17. Central Statistical Agency (CSA) [Ethiopia] and ICE. Ethiopia Demographic and Health Survey 2016: Key Indicators Report. (CSA and
ICE 2016).

18. Alebachew, A., Hatt, L. & Kukla, M. Monitoring and Evaluating Progress towards Universal Health Coverage in Ethiopia. PLoS Med.
11, €1001696, doi:10.1371/journal.pmed.1001696 (2014).

19. African Development Bank Group. Development Effectiveness Review 2012 integration - Fragile states and conflict-affected countries.
(African Development Bank Group, 2012).

20. Degomme, O. & Guha-Sapir, D. Patterns of mortality rates in Darfur conflict. Lancet 375, 294-300, doi:10.1016/S0140-
6736(09)61967-X (2010).

21. Liu, L. et al. Global, regional, and national causes of under-5 mortality in 2000-15: an updated systematic analysis with implications
for the Sustainable Development Goals. Lancet 388, 3027-3035, doi:10.1016/S0140-6736(16)31593-8 (2016).

22. The Federal Democratic Republic of Ethiopia. National Policy And Strategy on Disaster Risk Management (2013). Avialable at:
http://www.dppc.gov.et/downloadable/Documentation/Ethiopia_National%20Policy%20And%20Strategy%200n%20DRM %20
2014.pdf. Accessed August 6 (2016).

23. Gilligan, D. O., Hoddinott, J. & Taffesse, A. S. The Impact of Ethiopia’s Productive Safety Net Programme and its Linkages. J. Dev.
Stud. 45, 1684-1706, doi:10.1080/00220380902935907 (2009).

24. Black, R. E. et al. Maternal and child undernutrition and overweight in low-income and middle-income countries. Lancet 382,
427-51, doi:10.1016/S0140-6736(13)60937-X (2013).

25. Young, H., Borrel, A., Holland, D. & Salama, P. Public nutrition in complex emergencies. Lancet 364, 1899-1909, doi:10.1016/S0140-
6736(04)17447-3 (2004).

26. Altare, C., Delbiso, T. D. & Guha-sapir, D. Child Wasting in Emergency Pockets: A Meta-Analysis of Small-Scale Surveys from
Ethiopia. Int. J. Environ. Res. Public Health 13 (2016).

27. Pelletier, D. L., Frongillo, E. A., Schroeder, D. G. & Habicht, J. P. The effects of malnutrition on child mortality in developing
countries. Bull. World Health Organ. 73, 443-8 (1995).

28. African Union Commission, NEPAD Planning and Coordinating Agency, UN Economic Comission for Africa, and UN World Food
Programme. The Cost of Hunger in Africa: Social and Economic Impact of Child Undernutrition in Egypt, Ethiopia, Swaziland and
Uganda. (UN Economic Comission for Africa, 2014).

w

SCIENTIFICREPORTS |7: 2212 | DOI:10.1038/s41598-017-02271-5 7


http://dx.doi.org/10.1371/currents.dis.7a2cee9e980f91ad7697b570bcc4b004
http://dx.doi.org/10.1016/j.wace.2015.10.001
http://dx.doi.org/10.1177/1757913910379197
http://dx.doi.org/10.1177/140349489001800409
http://dx.doi.org/10.2471/BLT.00.00000
http://dx.doi.org/10.1001/jama.286.5.563
http://dx.doi.org/10.1080/17441690600661168
http://dx.doi.org/10.1016/S0140-6736(07)61690-0
http://dx.doi.org/10.1186/1742-7622-4-9
http://dx.doi.org/10.1371/journal.pmed.1001696
http://dx.doi.org/10.1016/S0140-6736(09)61967-X
http://dx.doi.org/10.1016/S0140-6736(09)61967-X
http://dx.doi.org/10.1016/S0140-6736(16)31593-8
http://dx.doi.org/10.1080/00220380902935907
http://dx.doi.org/10.1016/S0140-6736(13)60937-X
http://dx.doi.org/10.1016/S0140-6736(04)17447-3
http://dx.doi.org/10.1016/S0140-6736(04)17447-3

www.nature.com/scientificreports/

29. Delbiso, T. D., Rodriguez-Llanes, J. M., Donneau, A.-F,, Speybroeck, N. & Guha-Sapir, D. Drought, conflict and children’s
undernutrition in Ethiopia 2000-2013: a meta-analysis. Bull. World Health Organ. 95, 94-102, doi:10.2471/BLT.16.172700 (2017).

30. FAO, IFAD. and WEP. The State of Food Insecurity in the World 2015. Meeting the 2015 international hunger targets: taking stock of
uneven progress. (FAO, 2015).

31. Campbell, A. A. et al. Relationship of household food insecurity to neonatal, infant, and under-five child mortality among families
in rural Indonesia. Food Nutr. Bull. 30, 112-119, d0i:10.1177/156482650903000202 (2009).

32. Altare, C. & Guha-Sapir, D. The Complex Emergency Database: A Global Repository of Small-Scale Surveys on Nutrition, Health
and Mortality. PLoS One 9, €109022, doi:10.1371/journal.pone.0109022 (2014).

33. The SMART Project. Measuring Mortality, Nutritional Status, and Food Security in Crisis Situations: SMART Methodology. SMART
Manual version 1 (2006). Available at: http://pdf.usaid.gov/pdf_docs/Pnadi428.pdf. Accessed February 5 (2016).

34. de Onis, M., Onyango, A. W,, Borghi, E., Garza, C. & Yang, H. Comparison of the World Health Organization (WHO) Child Growth
Standards and the National Center for Health Statistics/WHO international growth reference: implications for child health
programmes. Public Health Nutr. 9, 942-7 (2007).

35. Vicente-Serrano, S. M., Begueria, S. & Lopez-Moreno, J. I. A multiscalar drought index sensitive to global warming: The standardized
precipitation evapotranspiration index. J. Clim. 23, 1696-1718, doi:10.1175/2009JCLI2909.1 (2010).

36. Begueria, S., Vicente-Serrano, S. M. & Angulo-Martinez, M. A Multiscalar Global Drought Dataset: The SPEIbase: A New Gridded
Product for the Analysis of Drought Variability and Impacts. Bull. Am. Meteorol. Soc. 91, 1351-1356, doi:10.1175/2010BAMS2988.1
(2010).

37. Mckee, T. B., Doesken, N. J. & Kleist, . The relationship of drought frequency and duration to time scales. In AMS 8th Conf. Appl.
Climatol. 179-184 (1993).

38. IPC Global Partners. Intergrated food Security Phase Classification Technical Manual version 2.0. Evidence and Standards for Better
Food Security Decisions. (FAO, 2012).

39. Sutton, A. J. & Abrams, K. R. Bayesian methods in meta-analysis and evidence synthesis. Stat. Methods Med. Researc 10, 277-303,
doi:10.1177/096228020101000404 (2001).

40. Spittal, M. J., Pirkis, J. & Gurrin, L. C. Meta-analysis of incidence rate data in the presence of zero events. BMC Med. Res. Methodol.
15, 42, doi:10.1186/s12874-015-0031-0 (2015).

41. Lesaffre, E. & Lawson, A. B. Bayesian Biostatistics. (A John Wiley and Sons, Ltd., Publication, 2012).

42. Spiegelhalter, D., Thomas, A., Best, N. & Way, R. WinBUGS User Manual: Versionl1.4, 2 (2003).

43. Viechtbauer, W. Conducting Meta-Analyses in R with the metafor Package. J. Stat. Softw. 36 (2010).

44. RStudio Team. RStudio: Integrated Development for R. (RStudio, Inc., 2015).

Acknowledgements

We thank all agencies that conducted the surveys and shared their reports with the CE-DAT team; FEWS NET for
providing the food security data; Global Drought Monitor for the drought data. Association pour I'Epidemiologie
de Désastres, Université catholique de Louvain, and Fond National de Recherche Scientifique supported this work.

Author Contributions

T.D.D. conceived the study, created the database, analyzed the data and drafted the manuscript. C.A. and
J.R.L. assisted the database preparation and data analysis, and revised the manuscript. S.D. and D.G. provided
recommendations throughout the manuscript writing and revised the manuscript. All authors read and approved
the manuscript.

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-02271-5

Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

CEm | icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS |7: 2212 | DOI:10.1038/s41598-017-02271-5 8


http://dx.doi.org/10.2471/BLT.16.172700
http://dx.doi.org/10.1177/156482650903000202
http://dx.doi.org/10.1371/journal.pone.0109022
http://pdf.usaid.gov/pdf_docs/Pnadi428.pdf
http://dx.doi.org/10.1175/2009JCLI2909.1
http://dx.doi.org/10.1175/2010BAMS2988.1
http://dx.doi.org/10.1177/096228020101000404
http://dx.doi.org/10.1186/s12874-015-0031-0
http://dx.doi.org/10.1038/s41598-017-02271-5
http://creativecommons.org/licenses/by/4.0/

	Drought and child mortality: a meta-analysis of small-scale surveys from Ethiopia

	Results

	Identification and selection of surveys. 
	Description of the surveys. 
	Pooled U5DR across the surveys, subgroup meta-analysis and meta-regression. 

	Discussion

	Methods

	Under-five death, nutrition, and vaccination data. 
	Drought exposure data. 
	Food security and livelihood zones data. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Flowchart of the small-scale mortality surveys included in the meta-analysis from Ethiopia, 2009–2014.
	Figure 2 Forest plot showing the pooled U5DR and their 95% CrI’s, stratified by short- and long-term drought exposure levels, livelihood zones and food insecurity level from 88 small-scale mortality surveys from Ethiopia, 2009–2014.
	Table 1 Description of the 88 small-scale mortality surveys from Ethiopia, 2009–2014.
	Table 2 Results from a Bayesian Poisson meta-regression models of small-scale mortality surveys from Ethiopia, 2009–2014.




