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0.0 GATHER compliance 

Please see Appendix Table 1 for discussion on how this study meets the conditions for GATHER1 guidelines. 

 
1.0 Case definition of modelled outputs 

1.1 Prevalence 

Prevalence is defined as number of children under the age of 5 who had diarrhoea, defined as three or more 
abnormally loose or watery stools within the previous 24 hours.2  

1.2 Incidence 

Incidence is defined as the number of cases of diarrhoea in children under the age of 5 per child per year. 

1.3 Mortality 

Mortality is defined as the number of deaths per year of children under 5 due to diarrhoea. 

 
2.0 Data 

2.1 Summary of included data sources 

This analysis selected 94 countries based on their Socio-demographic Index (SDI) published in the Global Burden of 
Disease (GBD) (see Appendix Table 3). The SDI is a measure of development that combines education, fertility, 
and income.3 We primarily aimed to include all countries in the middle, lower-middle, or low SDI quintiles, with 
several exceptions. Albania and Moldova were excluded despite middle SDI status due to geographic discontinuity 
with other included countries and lack of available survey data. Despite the requisite SDI quintiles for inclusion, we 
excluded the countries of Cape Verde, Cuba, French Guiana, Iran, Palestine, Trinidad and Tobago, and Venezuela as 
they had no relevant data available. We also excluded island nations with fewer than one million inhabitants, which 
were the nations of Fiji, Solomon Islands, Maldives, Vanuatu, Samoa, Saint Lucia, Kiribati, St. Vincent and the 
Grenadines, Grenada, Micronesia, Tonga, Seychelles, Dominica, Marshall Islands, and America Samoa because 
they typically lacked survey data and did not have sufficient geographic continuity for a geospatial analytic 
approach to be advantageous over a national one. We present most estimates in this study at the second 
administrative level (e.g., districts, counties), with the exception of estimates for Brazil, which we present at the first 
administrative level (e.g., provinces, states). Data from Brazil was available only at the region level (between first 
administrative level and national level). Therefore, we only present results for Brazil at the first administrative level, 
which have been calibrated to results from GBD 2017.3  

The household surveys used to model diarrhoea prevalence can be found at http://ghdx.healthdata.org/record/ihme-
data/lmic-under-5-diarrhea-incidence-prevalence-and-mortality-geospatial-estimates-2000-2017 and visualised in 
Appendix Figure 3. For a survey to be considered for this analysis, we required that it fit our country inclusion 
criteria outlined above, include geography information more granular than the national level, data collected during 
the time frame of 2000 to 2017, have survey sample weights if the survey was not self-weighted, and have data on 
whether a child had diarrhoea in the past few weeks preceding survey collection. A survey was considered self-
weighted if the documentation stated that the survey was self-weighted or that random sampling was conducted. 
After screening 1,611 sources that were tagged for diarrhoea relevance in the Global Health Data Exchange 
(GHDx)4 and met the country and time frame criteria for this analysis, 515 sources met all of the inclusion criteria 
and were extracted and collated for analysis.  

Select data sources were excluded from the analysis for missing survey sample weights for areal data, non-
geographically representative sampling, or untrustworthy data. Untrustworthy data were determined by the survey 
administrator or systematic review of the data, visualised in Appendix Figure 2, and further explained in Section 5.1. 
After systematic review, 466 sources were included in the final diarrhoea dataset. 
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2.2 Standardising case definitions 

We used “diarrhoea” as the preferred definition of diarrhoea from our survey data as it was the most common survey 
definition. Of the 466 surveys included in the diarrhoea model, 64 had a non-standard diarrhoea definition 
(Appendix Table 8). For observations for which other definitions were available, we applied an adjustment to 
account for differences in case detection rates relative to the standard definition. Definitions were first classified as 
standard (“diarrhoea” or “diarrhoeal disease”), non-standard definition 1 (explicitly specifying symptoms 
characterising diarrhoea, for example: “diarrhoea is determined according to the perception of illness by the mother, 
or person in charge, or three liquid stools a day, or blood in the stool”), or non-standard definition 2 (“loose watery 
motion”). Studies with the latter definition were excluded because this definition was deemed to be potentially 
subject to a high false positive rate, given the characteristics of healthy infant stools. A single logistic regression 
model was fit to the remaining surveys (both those with standard or with non-standard definition 1), regressing 
diarrhoea prevalence on definition and country-level fixed effects and a natural cubic spline (R splines package; 
three internal knots placed at default quantiles) on calendar year, to account for broad temporal trends. Prevalence 
reported by non-standard surveys was then reduced by the estimated coefficient of the fixed effect for non-standard 
definition 1, in logit space. 

 
2.3 Standardising ages 

We used ages 0 to 5 (0 to 59 months) as the preferred age range from our survey data. Of the 466 surveys included 
in the diarrhoea model, 36 had a non-standard age range from 0 to under 5 years, or 0.5 to under 5 years (Appendix 
Table 9). Prevalence reported by surveys with non-standard age ranges were adjusted to derive corresponding 
estimates of under-5 prevalence using a prevalence-by-age crosswalk model. For each survey with a non-standard 
age range, we obtained population age distribution and diarrhoea prevalence estimates for the survey country and 
year from the GBD study.5 Age distributions are available for single age-years and GBD age categories, while 
prevalence is available only for GBD age categories. We first made the simplifying assumption that the age 
distribution (!(#), or probability of age #) within a study sample and within the population from which it is drawn 
followed the age distribution of the surveyed country as a whole, in the sample year: !(%)&'()* = !(%),-(.'/*. 

GBD diarrhoea prevalence estimates were used to derive prevalence-by-age models (!(0|#), or the probability of 
diarrhoea, 0, at age #) for each survey country and year. Model estimation was accomplished by minimising the 
sum of absolute differences between age category-specific prevalence (population-weighted GBD estimates, 
spanning age 0 through age 15) and prevalence estimated by integration across ages 0–15 using proposed age-by-
prevalence curves. These proposed curves consisted of linear interpolations between population-weighted midpoints 
of each GBD age category, with prevalence at these midpoints estimated via iterative optimisation. (Prevalence 
curves were estimated out to age 15, despite ultimate interest only in ages 0–5, in order to improve estimates of 
prevalence at age 5.) 

We next assumed that the prevalence-by-age relationship in the study population follows the shape of the country-
level relationship but may differ in magnitude by a scaling factor, 2, calculated on the logit scale: 

 

345678!(0|%)&'()*9 = 2 + 345678!(0|%),-(.'/*9 

 

From the study we have a prevalence-by-age estimate for an age range bounded by ages %1 inclusive and %2 
exclusive, given as !(0|%1 ≤ # < #2)&'()*, or prevalence of diarrhoea given that age is between	%1 and %2. We 
similarly define a baseline (country-level) prevalence between ages %1 and %2 as !(0|%1 ≤ # < #2),-(.'/*. We 
are interested in estimating disease prevalence within a hypothetical sample from the study population drawn from 
target ages 0 to 5, given as !(0|0 ≤ # < 5)&'()*. The country-level prevalence is similarly given as !(0|0 ≤ # <

5),-(.'/*. 

We then calculate 2 , the study-level scaling factor, using the reported study-level prevalence and baseline 
prevalence for age range %1–%2: 
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2 = 	345678!(0|#1 ≤ % < #2),-(.'/*9 − 345678!(0|#1 ≤ % < #2)&'()*9 

 

Crosswalk is then performed from reported study-level prevalence for age range %1–%2 to hypothetical study-level 
prevalence in the target age range (0–5) as follows: 

 

345678!(0|0 ≤ % < 5)&'()*9 = 	2 + 345678!(0|0 ≤ % < 5),-(.'/*9 

 

2.4 Standardising recall periods  

We used a two-week recall period as the preferred recall period from our survey data. Of the 466 surveys included in 
the diarrhoea model, 64 had a non-standard recall period. Recall periods were accounted for in the point prevalence 
calculation, described in Section 2.6. 

2.5 Seasonality adjustment 

Because surveys are rarely conducted over the entire year, estimates of diarrhoea may be biased by seasonal trends. 
We accounted for intra-annual variation in diarrhoea prevalence by fitting a sine-cosine regression with a period of 
six months by region, weighted by the standard error of the data. We generated and applied a scalar per month and 
region based on the percent difference between the regression fit and observed diarrhoea prevalence to adjust for 
seasonal biases (Appendix Figures 7a–n). 

2.6 Period prevalence to point prevalence conversion 

Data were converted from period prevalence (e.g., “did child x have y symptoms in the last z days?”) to point 
prevalence using the following formula:  

!46C7	!DEFG3ECHE =
!ED64I	!DEFG3ECHE	 ∗ 	0KDG764C

(LEHG33	!ED64I + 0KDG764C − 1)
 

Where duration is assumed to be 4.2 days and recall period is the number of days the question asks over (e.g., 2 
weeks). 

2.7 Aggregation to finest possible geography 

We aggregated/summarised the individual-level microdata to the finest possible spatial resolution available— 
preferably, a latitude and longitude pair representing the location of the survey cluster/primary sampling unit. Where 
point-level referencing was not available, we matched survey microdata to the smallest polygon/areal unit possible. 
We calculated the effective sample size for each spatial aggregation (point and polygon) via the Kish approximation 
considering the underlying complex survey design.6 After aggregation, the adjustments described above (Section 
2.2–2.6) and below (Section 2.8–2.9) were applied.  

2.8 Creation of pseudo-points within areal units 

We created pseudo-points for areal data via a population-weighted resampling process as our desired model requires 
data of a single geometric type (e.g., latitude/longitude point). Specifically, we randomly generated 10,000 candidate 
points from within each areal unit using the WorldPop total population raster as a spatial distribution weight.7 K-
means clustering was performed to aggregate candidate points into the pseudo-points used for modelling. These 
pseudo-points were assigned analytical weights proportional to the number of candidate points that entered into the 
k-means cluster. Each pseudo-point generated by this process was assigned the diarrhoea prevalence observed from 
the survey for that polygon. 

2.9 Assigning covariates to points 

We assembled a number of remotely sensed and modelled products to use as predictors. Where possible we selected 
covariates that were used to model the burden of diarrhoea for GBD 2017, existed at the temporal (yearly) and 
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spatial resolution of interest (5 × 5-km). The covariates included: access to roads, ratio of children dependents (age 0 
to 14) to working adults (age 15 to 64), distance from rivers or lakes, nighttime lightsTV (TV= time-varying 
covariates), elevation, population ratio of women of maternal age to children, populationTV, aridityTV, urban or 
ruralTV, urban proportion of the locationTV, irrigation, number of people whose daily vitamin A needs could be met 
(nutrient yield), prevalence of under-5 stuntingTV, prevalence of under-5 wastingTV, and diphtheria-tetanus-pertussis 
(DTP3) immunisation coverageTV. We included the Healthcare Access and Quality Index,8 the percent of population 
with access to improved water sources as defined by the Joint Monitoring Program, and percent of population with 
access to improved toilet types as defined by the Joint Monitoring Program as national-level time-varying 
covariates. Appendix Figure 4 displays the final selection of covariates while Appendix Table 4 lists the source 
information. We filtered these covariates for multi-collinearity within each modelling region (see Appendix Figure 
5) using variance inflation factor (VIF)9 analysis using a threshold of VIF < 3. Appendix Figure 4 displays the 
spatial patterns of the covariates and Appendix Table 4 lists the source information. Appendix Table 5a-b shows the 
final covariates selected for each region following VIF analysis. Once assembled, we conducted a spatial query to 
match covariate values spatially and temporally to our collection of points and pseudo points. For numerical 
stability, all covariates were centred and scaled to mean 0, with a standard deviation of 1. 

2.10 Administrative boundaries 

For this analysis we use shapefiles from the Database of Global Administrative Areas (GADM) to define country 
boundaries and the relevant subnational/administrative divisions.10 Slight adjustments to ensure proper nesting of 
administrative units were made, and larger adjustments were made in the Democratic Republic of the Congo and 
India where collaborators in these countries indicated mistakes in administrative boundaries in the shapefiles. 

 
3.0 Geostatistical model 
3.1 Model geographies 

We stratified our data and analyses into 14 contiguous regions selected to align with the GBD 2010 study.11 This 
was done to improve computational tractability and to take advantage of the a priori grouping based on country-level 
epidemiological profiles. Appendix Figure 5 shows the configuration of the regions. India was removed from these 
regions and modelled separately, given the distinct spatial and temporal patterns that the diarrhoea prevalence data 
exhibited here.  

3.2 Ensemble covariate modelling via stacked generalisation 

We used a stacked generalisation ensemble model framework to capture non-linear effects and complex interactions 
among our covariates.12 For each region (Section 3.1), we fit three child models to our dataset: a generalised additive 
model (GAM), a penalised regression with the elastic net penalty, and a boosted regression tree (BRT). As described 
below in Section 3.3, we use a spatio-temporal Gaussian process regression as the parent ensembler. 
 
Parameters for the GAM model (spline type and number of knots) was selected by expert prior with a maximum of 4 
knots and the lambda parameter for the elastic net regression was selected by cross validation. Initial 
hyperparameters for the BRT (namely tree complexity, learning rate, and number of trees) were selected using non-
parametric Bayesian optimisation over a finite space, where the objective function was the negative mean absolute 
error of the BRT fit.13 See Appendix Table 6 for all hyperparameters that were selected by modelling region.13  
 
Each child model was fit using five-fold cross validation to reduce overfitting and the out-of-sample predictions 
across the child model hold outs were compiled into a single set of model predictions. Additionally, each child 
model was fit on 100% of the data and a full set of in-sample predictions were created. The out-of-sample 
predictions per child model were fed to the parent geostatistical model (see below) as covariates for fitting while the 
in-sample predictions from the child models are used during the parent model’s predict step. 

3.3 Geostatistical model 

Binomial count data are modelled within a Bayesian hierarchical modelling framework using a logit link function 
and a spatially and temporally explicit hierarchical generalised linear regression model to estimate the point 
prevalence of diarrhoea in the 14 regions of LMICs. Our model was constructed as follows:  
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MN|ON, 	QN ∼ Binomial(ON, 	QN) 

 

logit(ON) = 	\] + ^_` + abcN + a,'/*! + a&'()*! + aN	

 

∑`	 = 1 

 

a,'/*! ∼ N(0, f,'/*
g ) 

 

aN ∼ N(0, f.(h
g ) 

 

ijk|lmnopq, 	l'Nrs ∼ GP(0, 	lmnopq ⊗	l'Nrs) 

 

lmnopq = 	
2wxy

z × Γ(})
× (~�)y × Κy(~�) 

 

Σ'NrsÇ,É = ÑÖ	'"x'#Ö. 
 
For each region, we modelled the number of children at location-time 6, among a sample size, QN, who had diarrhoea 
as binomial count data, MN. The counts, MN, probabilities, ON, predictions from the three child models ^_, and residual 
terms a∗ are all indexed at a space-time coordinate. The term ON represents both the annual prevalence and the annual 
probability that an individual child will have diarrhoea given the child resides at that particular location. The logit of 
annual prevalence, logit(ON), was modelled as a linear combination of the three child models, ^_	; a correlated 
spatio-temporal error term, abcN; and an independent error term,	aN. Coefficients, `, on the child models represent 
their respective predictive weighting in the mean logit link and are constrained to sum to one. a,'/*! is a country 
random effect, and aN, is an independent error term. abc, is modelled as a three-dimensional Gaussian process in 
space-time centred at zero and with a covariance matrix constructed from a Kroenecker product of spatial and 
temporal covariance kernels. The spatial covariance, Σmnopq, is modelled using an isotropic and stationary Matérn 
function,14 and temporal covariance, ΣÜáàq, as an autoregressive order 1 (AR1) function represented in the model 
with four equally spaced knots. 
 
This approach leveraged the data’s residual correlation structure to more accurately predict prevalence estimates for 
locations with no data, while also propagating the dependence in the data through to uncertainty estimates.15 The 
posterior distributions were fit using computationally efficient and accurate approximations in R-INLA16,17 
(integrated nested Laplace approximation) with the stochastic partial differential equations (SPDE)18 approximation 
to the Gaussian process residuals. 
 
3.4 Priors 

The following priors were used:  

• \] ∼ Q(â = 0, fg = 1000),  
• `~Q(ã, ∑ 	), 

o ã = (
å

ç
,
å

ç
,
å

ç
)′ 

o ∑ 	 = 1,000 ∗	èê	ë	ê 
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• 345 í
wìî

wxî
ï ∼ Q(â = 2, fg = 1/1.2g), 

• ò
w

ô$%&'( ö ∼ 5GõõG(2 = 1, ú = 0.00005), 

• ò
w

ô)%*+'
( ö ∼ 5GõõG(2 = 1, ú = 0.00005), 

• ò
w

ô,*--.%( ö ∼ 5GõõG(2 = 1, ú = 0.00005), 

• ùw = log(z) ∼ Q(âû/ , fû/
g ), 

• ùg = log(~) ∼ Q(âû( , fû(
g ). 

 
We used the uncorrelated multivariate normal priors that INLA automatically determines based on the finite 
elements mesh for the log-transformed spatial hyperparameters ~ and z. The mean (µ) and variance (σ2) parameters 
for the hyperpriors selected by INLA for the meshes in each region can be found in Appendix Table 7. In our 
parameterisation we represent 2 and ú in the gamma distribution as rate and shape, respectively. The starting set of 
hyperparameters were selected using INLA defaults, as well as a previously performed sensitivity analysis.19 We 
used the uncorrelated multivariate normal priors that INLA automatically determines based on the finite elements 
mesh for the log-transformed spatial hyperparameters ~ and z. The mean (µ) and variance (σ2) parameters for the 
hyperpriors selected by INLA for the meshes in each region can be found in Appendix Table 7. In our 
parameterisation we represent 2 and ú in the gamma distribution as rate and shape, respectively. The starting set of 
hyperparameters were selected using INLA defaults, as well as a previously performed sensitivity analysis.19  

3.5 Mesh creation 

We constructed the finite elements mesh for the stochastic partial differential equation approximation to the 
Gaussian process regression using a simplified polygon boundary (in which coastlines and complex boundaries were 
smoothed) for each of the regions within our model. This paper uses an improved mesh that is constructed on the S2 
domain. This allows distance to be calculated along the sphere instead of using Euclidean distance between latitude 
and longitude coordinates. This mesh also generates denser vertices in data rich areas. We set the minimum triangle 
edge length to 25 km, the maximum triangle length to 1,000 km, with the mesh extending 500 km past the region’s 
boundary. An example of finite elements mesh-constructed for the South sub-Saharan Africa region can be found in 
Appendix Figure 6.  

3.6 Fitted parameters and estimate generation  

Fitted parameters and hyperparameters, as well as their 95% credible intervals are shown by indicator and region in 
Appendix Table 7. Spatial hyperparameters (z and ~) and their uncertainties have been transformed into the more 
interpretable nominal variance and range parameters. Nominal variance, approximating the variance at any single 
point, is calculated as C4õ. FGD = 4†~gzg, and nominal range, approximating the distance before spatial correlation 
decays by 90%, as DGC5E = √8/~. 
 

All estimates were generated by taking 250 draws from the posterior distribution. For estimates at the 5 × 5-km grid 
cell level, these draws were used directly to generate estimates and uncertainty. 95% credible intervals around the 
mean of our estimates (Appendix Figures 8–16) were generated by taking the 2.5% and 97.5% quantiles of each of 
the draws, at the grid cell or administrative level.  

To aggregate our results to second administrative-level units for each draw, we fractionally assigned each grid cell 
to any intersecting unit by examining the starting area of the grid cell and the relative areas of the resulting 
geometric intersections, and took population-weighted averages of grid cells assigned to each unit. To aggregate to 
first administrative-level units, we computed population-weighted averages of nested second administrative-level 
units. To aggregate to country levels, we computed population-weighted averages of nested first administrative-level 
units.  
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4.0 Post-estimation 
4.1 Calibration to the Global Burden of Disease (GBD) 2017 

To leverage national-level data included in GBD 2017, but outside the scope of our current geospatial modelling 
framework and to ensure agreement between these estimates and GBD 2017 national-level estimates, we performed 
a post-hoc calibration such that the population weighted mean of the 5 × 5-km estimates within a particular country-
year recovers the corresponding mean estimate from the GBD.20,21  
 
Specifically, for each posterior draw we calculated population-weighted grid cell aggregations to a national level 
and compared these country-year estimates to the GBD 2017 country-years.20,21 We defined the raking factor to be 
the ratio between the GBD 2017 estimate and our current estimates. Finally, we multiplied each of our grid cells in a 
country-year by its associated raking factor. This ensures perfect calibration between our geospatial estimates and 
GBD 2017 national-level estimates, while preserving our estimated within-country geospatial and temporal 
variation. 

4.2 Conversion of point prevalence to other measures 

We converted our calibrated estimates of diarrhoea point prevalence (the output of the model + raking step) to 
incidence by finding translation factors for each country-year derived from the relationship estimated as part of the 
GBD. Finally, we converted incidence to mortality due to diarrhoea by using the country-year specific case-fatality 
rate estimated by GBD. As such, this translation assumes identical relative spatial patterns between diarrhoea 
prevalence, incidence, and mortality within a particular country-year. 

 
5.0  Model validation 
5.1 Vetting stacker models and time trends 

For each intermediate model and for final models, we created line plots of our estimates for each of the stacking 
models and the final INLA model including uncertainty overlaid on the input data. We created and reviewed these 
plots for each country and for each first administrative unit. These plots allowed us to (1) identify unreasonable time 
trends caused by covariates in the absence of data, allowing us to remove those covariates; (2) identify outlier data 
caused by non-representative surveys or mistakes in data extraction; (3) identify countries with unique patterns in 
diarrhoea, which deserved individual country analyses; and (4) understand how the individual stacking models and 
final geostatistical model each contributed to the spatial and temporal estimates. 

5.2 In-sample validation 

We plotted our predictions vs. the observed data by modelling regions and by year at the country-level, first 
administrative-level, and second administrative-level aggregations (Appendix Figures 27–35). We also calculated 
mean error (ME, or bias), root-mean-squared-error (RMSE, which summarises total variance), and 95% coverage of 
our predictive intervals (the proportion of observed in-sample data that fall within our predicted 95% credible 
intervals). The in-sample fit statistics are shown in Appendix Table 10a–f. 

5.3 Out-of-sample validation 

We examined the predictive validity of our modelling strategy using five-fold out-of-sample cross-validation. Folds 
were created by randomly assigning entire second administrative units, stratified by region, to one of five folds. For 
each modelling region, we ran the entire modelling process once per fold, in addition to the full in-sample runs 
described above, generating a complete set of out-of-sample predictions. Using these out-of-sample predictions, we 
then calculated mean error (ME, or bias), root-mean-squared-error (RMSE, which summarises total variance), and 
95% coverage of our predictive intervals (the proportion of observed out-of-sample data that fall within our 
predicted 95% credible intervals) aggregated to the spatial holdout level. Appendix Figures 36–44 show out-of-
sample prediction vs. observed data. Similarly, Appendix Table 11a–f summarises out-of-sample statistics. 
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6.0  Supplemental results 
6.1 Prevalence, incidence, and mortality due to diarrhoea 

Appendix Figures 8–16 provide additional visualisation of calibrated estimates for diarrhoea incidence, prevalence, 
and mortality respectively.  

 
6.2 Annualised rate of change (AROC) in diarrhoea prevalence, incidence, and mortality 

We computed the AROC in diarrhoea incidence and mortality from 2000 to 2017. Appendix Figures 24 and 25 show 
estimates of the AROC from 2000 to 2017 including mean, upper, and lower estimates. 

For each grid cell, log-transformed the posterior mean prevalence estimates from each year from 2000 to 2017, 
ODEFN,*/

£ , and determined the rate of change between each pair of adjacent years (beginning with yr=2001): 

 
#L§MN,*/

£ = ODEFN,*/
£ − ODEFN,*/xw

£ . 

Next, we took a weighted average AROC across the study period to calculate grid-cell-level AROCs. Weight is 
defined as: 	

•*/ =
(¶D − 2000)ß

∑ (¶D − 2000)ß	,g]w®
g]]w

 

 
in which different weights can be given to years across the study period by selecting the appropriate γ. For this 
analysis, we chose to use empirical weighting, such that weights are proportional to the amount of data in each 
year by modeling region. Finally, we calculated grid-cell-level weighted-AROC:  
 

#L§MN = ∑ •*/#L§MN,*/
£g]w®

g]]w . 

6.3 Relative and absolute geographic inequality 

We also quantified geographic inequalities within countries over time as both the relative and absolute difference 
between diarrhoeal mortality rates in each second administrative unit and its country mean using the following 
formulas: 

#©™43K7E	6CE´KG367¶ = õ4D7G367¶(.N' − õ4D7G367¶,-(.'/* 

LE3G76FE	6CE´KG367¶ =
õ4D7G367¶(.N' − õ4D7G367¶,-(.'/*

õ4D7G367¶,-(.'/*
 

6.4 Mild, moderate, and severe child growth failure 

Following from the recent study estimating subnational variation in moderate and severe child growth failure across 
all LMICs22, we reanalysed that data to break out the percent of the population experiencing mild, moderate, and 
severe growth failure. In particular, for both childhood stunting and childhood wasting we individually mapped the 
probability of finding a child with a height-age z-score or a weight-age z-score of: less than -3 (severe); between -2 
and -3 (moderate); and between -1 and -2 (mild) (Appendix Figures 17–22). For each location-year, we normalised 
the estimated values to ensure the total did not exceed 100% of the population. 

6.5 Counterfactual analysis of deaths averted 

We performed a counterfactual analysis of the estimated total number of diarrhoeal deaths averted that were 
associated with changes in risk factors from 2000 to 2017.  

The population attributable fractions (PAF) of differences in diarrhoeal deaths attributable to changes in risk factors 
were made using the following formulas: 
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The estimation of WASH- and CGF-attributable diarrhoeal deaths averted as well as the total estimates of diarrhoeal 
deaths averted across all risk factors were made using the following formulas: 

!# ≠̈,∑∏π∫ = 1 − 81 − !# ≠̈,πª.N'ª'N-.9 ∗ 81 − !# ≠̈,∑ª's/9 ∗ 81 − !# ≠̈,π'(.'N.h9 ∗ 81 − !# ≠̈,∑ª&'N.h9 

!# Ø̈,∑∏π∫ = 1 − 81 − !# ≠̈,πª.N'ª'N-.9 ∗ 81 − !# ≠̈,∑ª's/9 ∗ 81 − !# ≠̈,π'(.'N.h9 ∗ 81 − !# ≠̈,∑ª&'N.h9 

0EG7ℎ™	#FED7EI∑∏π∫ = 0EG7ℎ™≠,w® ∗ (
1 −	!# ≠̈,∑∏π∫

1 −	!# Ø̈,∑∏π∫

∗ 	!# Ø̈,∑∏π∫ − !# ≠̈,∑∏π∫) 

LG7E	GFED7EI∑∏π∫ = 	
QKõ©ED	GFED7EI∑∏π∫

º47G3	CKõ©ED	4¥	Hℎ63IDEC	KCIED	5
∗ 1000	 

 

!# ≠̈,ØbΩ = 1 − 81 − !# ≠̈,π'(.'N.h9 ∗ 81 − !# ≠̈,∑ª&'N.h9 

!# Ø̈,ØbΩ = 1 − 81 − !# ≠̈,π'(.'N.h9 ∗ 81 − !# ≠̈,∑ª&'N.h9 

0EG7ℎ™	#FED7EIØbΩ = 0EG7ℎ™≠,w® ∗ (
1 −	!# ≠̈,ØbΩ

1 −	!# Ø̈,ØbΩ

∗ 	!# Ø̈,ØbΩ − !# ≠̈,ØbΩ) 

LG7E	GFED7EIØbΩ = 	
QKõ©ED	GFED7EIØbΩ

º47G3	CKõ©ED	4¥	Hℎ63IDEC	KCIED	5
∗ 1000	 

 

!# ≠̈,æ-'ª£ = 1 − 81 − !# ≠̈,πª.N'ª'N-.9 ∗ 81 − !# ≠̈,∑ª's/9 ∗ 81 − !# ≠̈,π'(.'N.h9 ∗ 81 − !# ≠̈,∑ª&'N.h9 

!# Ø̈,æ-'ª£ = 1 − 81 − !# Ø̈,πª.N'ª'N-.9 ∗ 81 − !# Ø̈,∑ª's/9 ∗ 81 − !# Ø̈,π'(.'N.h9 ∗ 81 − !# Ø̈,∑ª&'N.h9 



12 

 

0EG7ℎ™	#FED7EIæ-'ª£ = 0EG7ℎ™≠,w® ∗ (
1 −	!# ≠̈,æ-'ª£

1 −	!# Ø̈,æ-'ª£

∗ 	!# Ø̈,æ-'ª£ − !# ≠̈,æ-'ª£) 

LG7E	GFED7EIæ-'ª£ = 	
QKõ©ED	GFED7EIæ-'ª£

º47G3	CKõ©ED	4¥	Hℎ63IDEC	KCIED	5
∗ 1000	 

 
6.6 GINI coefficient 

The Gini coefficient2 is a popular measure of inequality, originally applied to economics. For income inequality, the 
Gini coefficient assesses the magnitude of disparity between the richest and poorest individuals. In this context, 
equality corresponds to wealth uniformly distributed across the population and inequality corresponds to a small 
number of individuals possessing the majority of the wealth. The Gini coefficient for wealth can be calculated 
directly from the Lorenz curve, which sorts individuals by their income and plots cumulative percentages of 
individuals against their corresponding fraction of wealth. The Gini coefficient is then calculated as one minus twice 
the area under the Lorenz curve. An alternative formulation of the Gini coefficient calculates the relative mean 
absolute difference in wealth, and then observes that the Gini coefficient is half the resulting quantity. If ≥N is the 
wealth of the 6'ø individual (out of C individuals), the Gini coefficient, ¿, is given as: 

¿ =
∑ ∑ |≥N − ≥Ç|

.
Ç¡w

.
N¡w

2C∑ ≥N
.
N¡w

 

More recently, the Gini coefficient has been applied beyond economics to many fields of science, including 
population health.24 Instead of calculating the cumulative fraction of wealth held by a fraction of the population, the 
cumulative burden of disease can be used for both the Lorenz curve and the Gini coefficient. For diarrhoeal 
mortality at the second administrative unit, for example, the creation of the Lorenz curve first sorts all units by 
mortality rate. The curve is generated by plotting cumulative population against cumulative mortality count and 
normalising both sums by their respective totals.  

 



13 

 

7.0 Appendix Figures 

Appendix Figure 1. Geospatial modelling flowchart ....................................................................................................15 

Appendix Figure 2. Data inclusion and exclusion flowchart ........................................................................................17 

Appendix Figure 3a–e. Diarrhoea data availability by type and country .....................................................................19 

Appendix Figure 4. Covariates .....................................................................................................................................25 

Appendix Figure 5. Map of modelling regions .............................................................................................................27 

Appendix Figure 6. Finite elements mesh ....................................................................................................................28 

Appendix Figure 7a–n. Seasonal pattern adjustments for diarrhoea prevalence ..........................................................29 

Appendix Figure 8. Posterior means and 95% uncertainty intervals for diarrhoea prevalence by grid cell, 2017 ......43 

Appendix Figure 9. Posterior means and 95% uncertainty intervals for diarrhoea incidence by grid cell, 2017 ........44 

Appendix Figure 10. Posterior means and 95% uncertainty intervals for diarrhoeal mortality by grid cell, 2017 ......45 

Appendix Figure 11. Posterior means and 95% uncertainty intervals for diarrhoea prevalence at the second 
administrative level, 2017 .............................................................................................................................................46 

Appendix Figure 12. Posterior means and 95% uncertainty intervals for diarrhoea incidence at the second 
administrative level, 2017 .............................................................................................................................................47 

Appendix Figure 13. Posterior means and 95% uncertainty intervals for diarrhoeal mortality at the second 
administrative level, 2017 .............................................................................................................................................48 

Appendix Figure 14. Posterior means and 95% uncertainty intervals for diarrhoea prevalence at the first 
administrative level, 2017 .............................................................................................................................................49 

Appendix Figure 15. Posterior means and 95% uncertainty intervals for diarrhoea incidence at the first 
administrative level, 2017 .............................................................................................................................................50 

Appendix Figure 16. Posterior means and 95% uncertainty intervals for diarrhoeal mortality at the first 
administrative level, 2017 .............................................................................................................................................51 

Appendix Figure 17. Prevalence of mild stunting in children under 5 at the second administrative level, 2017 ........52 

Appendix Figure 18. Prevalence of moderate stunting in children under 5 at the second administrative level, 2017 .53 

Appendix Figure 19. Prevalence of severe stunting in children under 5 at the second administrative level, 2017 .....54 

Appendix Figure 20. Prevalence of mild wasting in children under 5 at the second administrative level, 2017 .........55 

Appendix Figure 21. Prevalence of moderate wasting in children under 5 at the second administrative level, 2017 .56 

Appendix Figure 22. Prevalence of severe wasting in children under 5 at the second administrative level, 2017 ......57 

Appendix Figure 23. Lorenz curves of inequality for sub-Saharan Africa ...................................................................58 

Appendix Figure 24. Incidence rate annualised rate of change ....................................................................................59 

Appendix Figure 25. Mortality rate annualised rate of change ....................................................................................60 

Appendix Figure 26. Averted diarrhoeal deaths in 2017 attributable to improvements in water and sanitation, child 
growth failure, and oral rehydration solution implemented from 2000 to 2017 ...........................................................61 

Appendix Figure 27. In-sample validation plot of diarrhoea by country .....................................................................64 

Appendix Figure 28. In-sample validation plot of diarrhoea by first administrative unit ............................................65 

Appendix Figure 29. In-sample validation plot of diarrhoea by second administrative unit .......................................66 

Appendix Figure 30. In-sample validation plot of diarrhoea by country and modelling region ..................................67 

Appendix Figure 31. In-sample validation plot of diarrhoea by first administrative unit and modelling region .........68 



14 

 

Appendix Figure 32. In-sample validation plot of diarrhoea by second administrative unit and modelling region ....69 

Appendix Figure 33. In-sample validation plot of diarrhoea by country and year .......................................................70 

Appendix Figure 34. In-sample validation plot of diarrhoea by first administrative unit and year .............................71 

Appendix Figure 35. In-sample validation plot of diarrhoea by second administrative unit and year .........................72 

Appendix Figure 36. Out-of-sample validation plot of diarrhoea by country ..............................................................74 

Appendix Figure 37. Out-of-sample validation plot of diarrhoea by first administrative unit .....................................75 

Appendix Figure 38. Out-of-sample validation plot of diarrhoea by second administrative unit ................................76 

Appendix Figure 39. Out-of-sample validation plot of diarrhoea by country and modelling region ...........................77 

Appendix Figure 40. Out-of-sample validation plot of diarrhoea by first administrative unit and modelling region ..78 

Appendix Figure 41. Out-of-sample validation plot of diarrhoea by second administrative unit and modelling region
.......................................................................................................................................................................................79 

Appendix Figure 42. Out-of-sample validation plot of diarrhoea by country and year ...............................................80 

Appendix Figure 43. Out-of-sample validation plot of diarrhoea by first administrative unit and year ......................81 

Appendix Figure 44. Out-of-sample validation plot of diarrhoea by second administrative division and year ...........82 

 
  



15 

 

Appendix Figure 1. Geospatial modelling flowchart 

The geospatial modelling process consists of four sections. First (in blue), we compile all available survey data that 
can be referenced to a coordinate/point (e.g., survey cluster) or small polygon unit and calculate the diarrhoea 
prevalence at the respective level (Section 2.0). Data are then adjusted for differential age ranges, case definitions, 
seasonality, and differential recall periods (Section 2.2–2.5). Data matched to polygons are resampled into pseudo 
points using a k-means clustering algorithm (Section 2.8). Covariates are subsequently merged to the points and 
pseudo points via a spatial join (Section 2.9). Second (green), we use the point data and their associated covariates 
and a stacked generalisation ensemble model (Section 3.2). The children models, boosted regression trees, 
generalised additive models, and elastic net regression are fit using a 5-fold cross validation process (Section 3.3). 
The cross-validated predictions from each model then serve as the covariate values for the main/parent model 
(Spatio-temporal GPR model) (Section 3.3–3.4). The predictions from when the child models are fit on all the data 
(rather than 4/5ths implied by the cross validation) are then used to create posterior predictions of diarrhoea 
prevalence in a 5 × 5-km grid for the years 2000–2017 (Section 3.6). Third (purple and circled orange), we combine 
the predictions from step 2 and calibrate them such that the population weighted mean diarrhoea prevalence for a 
particular country-year from our model matches the GBD estimates (Section 4.1).2,20,25 Finally (orange), we 
aggregate our estimates to first and second administrative units.  
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Appendix Figure 2. Data inclusion and exclusion flowchart  

The data vetting process used in this analysis includes multiple steps. First (in green), we compiled all sources tagged as diarrhoea relevant from the GHDx and 
extracted data sources that met all of our inclusion criteria (Section 2.1). If a data source did not meet all of our inclusion criteria that source was excluded (in 
orange). Second (in light blue) the data was processed according to the geospatial modelling framework (Section 2.1–4.2, Appendix Figure 1). Third (in dark 
blue), line plots were created for each country and independently scrutinised for data quality over time (Section 5.1). Next, each survey that was flagged as off 
trend from the line plots was reviewed. If a survey was found to have a data processing mistake, the mistake would be fixed and the process would start over. 
Additionally, if there seemed to be a reasonable explanation for why a survey was off trend (e.g., a natural disaster that could potentially explain an uptick in 
diarrhoea prevalence) then that survey was included in the final data set. If a survey did not have any processing errors and there was no reasonable explanation 
for why it was off trend, that survey was then excluded from the final data set. 
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Appendix Figure 3a–e. Diarrhoea data availability by type and country 

All data are shown by country and year of survey and mapped at their corresponding geopositioned coordinate or area. In the left panel, the total number of 
points and polygons (areal) for each country are plotted by data source, type and sample size. Sample size represents the number of individual microdata records 
for each survey. In the right panel, mean diarrhoea prevalence for the input coordinate or area are mapped. Figure a) shows diarrhoea data availability in Africa 
by type and country from 2000–2017. Figure b) shows diarrhoea data availability in Latin America and the Caribbean by type and country from 2000–2017. 
Figure c) shows diarrhoea data availability in southeast Asia by type and country from 2000–2017. Figure d) shows diarrhoea data availability in south Asia by 
type and country from 2000–2017. Figure e) shows diarrhoea data availability in the Middle East and central Asia by type and country from 2000–2017.  
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Appendix Figure 4. Covariates  

A total of 15 covariate raster layers of possible socio-economic and environmental correlates of diarrhoea 
prevalence were used as inputs for the stacking modelling process. Time-varying covariates are presented for the 
year 2017. For the year of production of non-time-varying covariates, please refer to the individual covariate citation 
inAppendix Table 4.3 for additional detail. Covariates are labelled as follows: access to roads [access2], aridityTV 

[aridity], ratio of children dependents (age 0 to 14) to working adults (age 15 to 64) [depratio], distance from rivers 
or lakes [distriverslakes], night-time lightsTV [dmspntl], diphtheria-tetanus-pertussis immunisation coverage 
[dpt3_cov], elevation [elevation], number of children under 5 per woman of childbearing age [fertility], urban or 
ruralTV [ghlsurbanicity], number of people whose daily vitamin A needs could be met [herreronyield], irrigation 
[irrigation], urban proportion of the locationTV [landcover], prevalence of under-5 stuntingTV [stunting_mod_b], 
prevalence of under-5 wastingTV [wasting_mod_b], and populationTV [worldpop_raked]. Maps reflect administrative 
boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as “barren or sparsely 
vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these analyses.26–31  
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Appendix Figure 5. Map of modelling regions 

We stratified our data and analyses into 15 regions selected to align with the Global Burden of Disease study and to allow for country-specific models in India. 
Each colour represents a different modelling region, where grey shows countries that we did not included in this stage of our analysis.  
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Appendix Figure 6. Finite elements mesh 

The finite elements mesh used to fit the space-time correlated error for the southern sub-Saharan Africa 
region. Both the fine-scale mesh over land in the modelling region and the coarser buffer region mesh are 
shown. 
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Appendix Figure 7a–n. Seasonal pattern adjustments for diarrhoea prevalence 

Seasonality adjustments were made for each modelling region (Section 2.5). Each colour represents a specific 
country, while a circle represents unadjusted data and a diamond represents data adjusted for seasonality. 
Additionally, the curved black line represents a sinusoidal regression fit to the data, while the dashed horizontal line 
represents the mean of the predicted prevalence. Each individual plot (a–n) shows diarrhoea prevalence adjustments 
for seasonality by modelling region. 
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b) Central sub-Saharan Africa region 
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c) Eastern sub-Saharan Africa region 
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d) Western sub-Saharan Africa region 
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e) South Asia region 
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f) Mexico, central America, and the Caribbean region 
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g) South America region 
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h) Southern sub-Saharan Africa region 
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i) Horn of Africa region 

 
  



38 

 

j) North Africa and Middle East region 
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k) Malay Archipelago region 
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l) Central Asia region 
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m) Southeast Asia region 
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n) Mongolia region 
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Appendix Figure 8. Posterior means and 95% uncertainty intervals for diarrhoea prevalence by grid 
cell, 2017 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 9. Posterior means and 95% uncertainty intervals for diarrhoea incidence by grid 
cell, 2017 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 10. Posterior means and 95% uncertainty intervals for diarrhoeal mortality by grid 
cell, 2017 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 11. Posterior means and 95% uncertainty intervals for diarrhoea prevalence at the 
second administrative level, 2017 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 12. Posterior means and 95% uncertainty intervals for diarrhoea incidence at the 
second administrative level, 2017 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 13. Posterior means and 95% uncertainty intervals for diarrhoeal mortality at the 
second administrative level, 2017 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 14. Posterior means and 95% uncertainty intervals for diarrhoea prevalence at the 
first administrative level, 2017 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 15. Posterior means and 95% uncertainty intervals for diarrhoea incidence at the 
first administrative level, 2017 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 16. Posterior means and 95% uncertainty intervals for diarrhoeal mortality at the 
first administrative level, 2017 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 17. Prevalence of mild stunting in children under 5 at the second administrative 
level, 2017 
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Appendix Figure 18. Prevalence of moderate stunting in children under 5 at the second administrative 
level, 2017 
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Appendix Figure 19. Prevalence of severe stunting in children under 5 at the second administrative 
level, 2017 
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Appendix Figure 20. Prevalence of mild wasting in children under 5 at the second administrative level, 
2017 
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Appendix Figure 21. Prevalence of moderate wasting in children under 5 at the second administrative 
level, 2017 
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Appendix Figure 22. Prevalence of severe wasting in children under 5 at the second administrative 
level, 2017 
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Appendix Figure 23. Lorenz curves of inequality for sub-Saharan Africa 

(a–b) Lorenz curves calculated for mortality risk against population across second administrative units in sub-Saharan Africa for 2000 (a), and 2017 (b). 
Segments of the curve corresponding to units that are in the bottom 20% in 2000, 2017, or both are shaded light pink, magenta, or purple, respectively. 
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Appendix Figure 24. Incidence rate annualised rate of change 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 25. Mortality rate annualised rate of change 

Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid cells were classified as 
“barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were not included in these 
analyses.26–31  
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Appendix Figure 26. Averted diarrhoeal deaths in 2017 attributable to improvements in water and 
sanitation, child growth failure, and oral rehydration solution implemented from 2000 to 2017 

(a) Number of deaths averted per 1,000 children. (b) Number of total deaths averted. (c) Number of deaths averted 
per 1,000 children with colour scale driven by dominant driver. (d) Number of total deaths averted with colour scale 
driven by dominant driver. The risk factor contributing the majority of the reduction is indicated as water and 
sanitation=blue, child growth failure=purple, oral rehydration solution=pink, none=gold. Deaths averted were 
calculated in the same manner as described in Section 6.5, with oral rehydration solution (ORS) added as an 
additional risk factor.. Maps reflect administrative boundaries, land cover, lakes, and population; grey-coloured grid 
cells were classified as “barren or sparsely vegetated” and had fewer than ten people per 1 × 1-km grid cell, or were 
not included in these analyses.   
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Appendix Figures 27–35. In-sample validation plots 

Each plot shows diarrhoea prevalence estimates from the survey data on the x-axis and mean posterior predictions of 
diarrhoea prevalence prior to calibration to GBD estimates on the y-axis. The size of each dot is proportional to 
sample size in the underlying data. Estimates are shown aggregated to country, first administrative, and second 
administrative levels. Estimates are shown across all regions and years, as well as stratified by region and by year. 
For corresponding in-sample fit statistics see Appendix Table 9a–f. 

Regions are labelled in the following manner: the horn of Africa [dia_afr_horn], central Asia [dia_central_asia], 
central sub-Saharan Africa [dia_cssa], eastern sub-Saharan Africa [dia_essa], Malay Archipelago [dia_malay], 
Mexico, the Caribbean, and central America [dia_mcaca], the Middle East [dia_mid_east], north Africa Middle East 
[dia_name], South America [dia_s_america], southeast Asia [dia_se_asia], south Asia [dia_south_asia-ind], 
southern sub-Saharan Africa [dia_sssa], western sub-Saharan Africa [dia_wssa], and India [IND]. 
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Appendix Figure 27. In-sample validation plot of diarrhoea by country 
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Appendix Figure 28. In-sample validation plot of diarrhoea by first administrative unit 
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Appendix Figure 29. In-sample validation plot of diarrhoea by second administrative unit 
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Appendix Figure 30. In-sample validation plot of diarrhoea by country and modelling region 
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Appendix Figure 31. In-sample validation plot of diarrhoea by first administrative unit and modelling 
region 
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Appendix Figure 32. In-sample validation plot of diarrhoea by second administrative unit and 
modelling region 
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Appendix Figure 33. In-sample validation plot of diarrhoea by country and year 
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Appendix Figure 34. In-sample validation plot of diarrhoea by first administrative unit and year 
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Appendix Figure 35. In-sample validation plot of diarrhoea by second administrative unit and year 
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Figures 36–44. Out-of-sample validation plots 

Each plot shows diarrhoea prevalence estimates from the survey data on the x-axis and mean posterior predictions of 
diarrhoea prevalence prior to calibration to GBD estimates on the y-axis. The size of each dot is proportional to 
sample size in the underlying data. Estimates are shown aggregated to country, first administrative, and second 
administrative levels. Estimates are shown across all regions and years, as well as stratified by region and by year. 
For corresponding out-of-sample fit statistics see Appendix Table 10a–f.  

Regions are labelled in the following manner: the horn of Africa [dia_afr_horn], central Asia [dia_central_asia], 
central sub-Saharan Africa [dia_cssa], eastern sub-Saharan Africa [dia_essa], Malay Archipelago [dia_malay], 
Mexico, the Caribbean, and central America [dia_mcaca], the Middle East [dia_mid_east], north Africa Middle East 
[dia_name], South America [dia_s_america], southeast Asia [dia_se_asia], south Asia [dia_south_asia-ind], 
southern sub-Saharan Africa [dia_sssa], western sub-Saharan Africa [dia_wssa], and India [IND]. 
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Appendix Figure 36. Out-of-sample validation plot of diarrhoea by country 
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Appendix Figure 37. Out-of-sample validation plot of diarrhoea by first administrative unit 
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Appendix Figure 38. Out-of-sample validation plot of diarrhoea by second administrative unit 
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Appendix Figure 39. Out-of-sample validation plot of diarrhoea by country and modelling region 
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Appendix Figure 40. Out-of-sample validation plot of diarrhoea by first administrative unit and 
modelling region 
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Appendix Figure 41. Out-of-sample validation plot of diarrhoea by second administrative unit and 
modelling region 
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Appendix Figure 42. Out-of-sample validation plot of diarrhoea by country and year 
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Appendix Figure 43. Out-of-sample validation plot of diarrhoea by first administrative unit and year 
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Appendix Figure 44. Out-of-sample validation plot of diarrhoea by second administrative division and 
year 
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Appendix Table 1. Compliance for the Guidelines for Accurate and Transparent Health Estimates 
Reporting1 (GATHER) 

Item # Checklist item Reported  

Objectives and funding 

1 Define the indicator(s), populations (including age, sex, and geographic entities), and 
time period(s) for which estimates were made. 

Manuscript: Methods  

Appendix: Section 1.0, 2.1 

2 List the funding sources for the work. Manuscript: Methods  

Data Inputs 

 For all data inputs from multiple sources that are synthesised as part of the study: 

3 Describe how the data were identified and how the data were accessed. Manuscript: Methods 

Appendix: Section 1.0, 2.0 

4 Specify the inclusion and exclusion criteria. Identify all ad-hoc exclusions. Manuscript: Methods 

Appendix: Section 1.0, 2.1 

5 Provide information on all included data sources and their main characteristics. For each 
data source used, report reference information or contact name/institution, population 
represented, data collection method, year(s) of data collection, sex and age range, 
diagnostic criteria or measurement method, and sample size, as relevant. 

Manuscript: Methods 

Appendix: Section 1.0 and 2.1, and 
available at: 
http://ghdx.healthdata.org/record/ih
me-data/lmic-under-5-diarrhea-
incidence-prevalence-and-mortality-
geospatial-estimates-2000-2017 

6 Identify and describe any categories of input data that have potentially important biases 
(e.g., based on characteristics listed in item 5). 

Appendix: Section 2.0 

 For data inputs that contribute to the analysis but were not synthesised as part of the study: 

7 Describe and give sources for any other data inputs. Manuscript: Methods 

Appendix: Section 2.0, 3.0 

 

8 Provide all data inputs in a file format from which data can be efficiently extracted (e.g., 
a spreadsheet rather than a PDF), including all relevant meta-data listed in item 5. For 
any data inputs that cannot be shared because of ethical or legal reasons, such as third-
party ownership, provide a contact name or the name of the institution that retains the 
right to the data. 

Available at: 
http://ghdx.healthdata.org/record/ih
me-data/lmic-under-5-diarrhea-
incidence-prevalence-and-mortality-
geospatial-estimates-2000-2017 

 

9 Provide a conceptual overview of the data analysis method. A diagram may be helpful. Appendix: Section 3.0, Figure 1 

10 Provide a detailed description of all steps of the analysis, including mathematical 
formulae. This description should cover, as relevant, data cleaning, data pre-processing, 
data adjustments and weighting of data sources, and mathematical or statistical model(s). 

Manuscript: Methods  

11 Describe how candidate models were evaluated and how the final model(s) were 
selected. 

Manuscript: Methods Appendix: 
Sections 3.0, 4.0 

12 Provide the results of an evaluation of model performance, if done, as well as the results 
of any relevant sensitivity analysis. 

Manuscript: Methods 

Appendix: Sections 5.0 

13 Describe methods for calculating uncertainty of the estimates. State which sources of 
uncertainty were, and were not, accounted for in the uncertainty analysis. 

Manuscript: Methods 

Appendix: Sections 3.0 

14 State how analytic or statistical source code used to generate estimates can be accessed. Available at: 
http://ghdx.healthdata.org/record/ih
me-data/lmic-under-5-diarrhea-
incidence-prevalence-and-mortality-
geospatial-estimates-2000-2017 
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Results and Discussion 

15 Provide published estimates in a file format from which data can be efficiently extracted. Raster files for spatial data and 
CSVs of first- and second-
administrative estimates available at 
http://ghdx.healthdata.org/record/ih
me-data/lmic-under-5-diarrhea-
incidence-prevalence-and-mortality-
geospatial-estimates-2000-2017 

16 Report a quantitative measure of the uncertainty of the estimates (e.g., credible intervals). Manuscript: Results 

Appendix: Section 3.0 

17 Interpret results in light of existing evidence. If updating a previous set of estimates, 
describe the reasons for changes in estimates. 

Manuscript: Discussion 

18 Discuss limitations of the estimates. Include a discussion of any modelling assumptions 
or data limitations that affect interpretation of the estimates. 

Manuscript: Discussion 
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Appendix Table 2. ISO3 codes and corresponding country names 
 
ISO3 Code Country Name 
AFG Afghanistan 
AGO Angola 
BDI Burundi 
BEN Benin 
BFA Burkina Faso 
BGD Bangladesh 
BLZ Belize 
BOL Bolivia 
BRA Brazil 
BTN Bhutan 
BWA Botswana 
CAF Central African Republic 
CHN China 
CIV Côte d’Ivoire 
CMR Cameroon 
COD Democratic Republic of the Congo 
COG Republic of the Congo 
COL Colombia 
COM Comoros 
CPV Cape Verde 
CRI Costa Rica 
CUB Cuba 
DJI Djibouti 
DOM Dominican Republic 
DZA Algeria 
ECU Ecuador 
EGY Egypt 
ERI Eritrea 
ESH Western Sahara 
ETH Ethiopia 
GAB Gabon 
GHA Ghana 
GIN Guinea 
GMB The Gambia 
GNB Guinea-Bissau 
GNQ Equatorial Guinea 
GTM Guatemala 
GUF French Guiana 

ISO3 Code Country Name 
GUY Guyana 
HND Honduras 
HTI Haiti 
IDN Indonesia 
IND India 
IRN Iran 
IRQ Iraq 
JAM Jamaica 
JOR Jordan 
KEN Kenya 
KGZ Kyrgyzstan 
KHM Cambodia 
LAO Laos 
LBR Liberia 
LBY Libya 
LKA Sri Lanka 
LSO Lesotho 
MAR Morocco 
MDG Madagascar 
MEX Mexico 
MLI Mali 
MMR Myanmar 
MNG Mongolia 
MOZ Mozambique 
MRT Mauritania 
MWI Malawi 
MYS Malaysia 
NAM Namibia 
NER Niger 
NGA Nigeria 
NIC Nicaragua 
NPL Nepal 
PAK Pakistan 
PAN Panama 
PER Peru 
PHL Philippines 
PNG Papua New Guinea 
PRY Paraguay 
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ISO3 Code Country Name 
PSE Palestine 
RWA Rwanda 
SDN Sudan 
SEN Senegal 
SLE Sierra Leone 
SLV El Salvador 
SOM Somalia 
SSD South Sudan 
STP São Tomé and Príncipe 
SUR Suriname 
SWZ Swaziland (eSwatini) 
SYR Syria 
TCD Chad 
TGO Togo 
THA Thailand 
TJK Tajikistan 
TKM Turkmenistan 
TLS Timor-Leste 
TTO Trinidad and Tobago 
TUN Tunisia 
TZA Tanzania 
UGA Uganda 
UZB Uzbekistan 
VEN Venezuela 
VNM Vietnam 
YEM Yemen 
ZAF South Africa 
ZMB Zambia 
ZWE Zimbabwe 
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Appendix Table 3. Countries included in analysis, stratified by Socio-demographic Index (SDI)3  

Low SDI Low Middle SDI Middle SDI 
Afghanistan Angola Algeria 
Bangladesh Belize Botswana 
Benin Bhutan Brazil 
Burkina Faso Bolivia Colombia 
Burundi Cambodia Costa Rica 
Central African Republic Cameroon Ecuador 
Chad Djibouti Equatorial Guinea 
Comoros Dominican Republic Gabon 

Côte d’Ivoire Egypt Indonesia 
Democratic Republic of the Congo El Salvador Jamaica 
Eritrea Ghana Jordan 
Ethiopia Guatemala Mexico 
Guinea Guyana Mongolia 
Guinea-Bissau Honduras Namibia 
Haiti India Panama 
Liberia Iraq Paraguay 
Madagascar Kenya Peru 
Malawi Kyrgyzstan Philippines 
Mali Laos South Africa 
Mozambique Lesotho Sri Lanka 
Nepal Mauritania Suriname 
Niger Morocco Syria 
Papua New Guinea Myanmar Thailand 
Rwanda Nicaragua Tunisia 
Senegal Nigeria Turkmenistan 
Sierra Leone Pakistan Uzbekistan 
Somalia Republic of the Congo Vietnam 
South Sudan São Tomé and Príncipe  
Tanzania Sudan  
The Gambia Swaziland (eSwatini)  
Togo Tajikistan  
Uganda Timor-Leste  
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Yemen Zambia  
 Zimbabwe  
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Appendix Table 4. Covariates used in mapping 

A variety of socioeconomic and environmental variables were used to predict diarrhoea prevalence. Where available, the finest spatio-temporal resolution of 
gridded data sets was used.  

Covariate Temporal 
Resolution 

Source Reference 

Access to roads  Oxford 

 

Weiss, D. J. et al. A global map of travel time to cities to assess inequalities in accessibility in 2015. 
Nature 533, 333–336 (2018). 

 

Ratio of children 
dependents (age 0 
to 14) to working 
adults (age 1 to 
64) 

Static WorldPop 

 

Available for Africa at: http://www.worldpop.org.uk/data/summary/?id=332 

 

Distance from 
rivers or lakes 

Static Natural Earth Data (derived) 

 

Natural Earth. Rivers and lake centerlines dataset. Available at: 
http://www.naturalearthdata.com/downloads/10mphysical-vectors/10m-rivers-lake-centerlines/. 
(Accessed: 24th July 2017) 

 

Nighttime 
lightsTV 

Annual NOAA DMSP satellite 
program (derived) 

 

Savory et al. Intercalibration and Gaussian Process Modeling of Nighttime Lights Imagery for 
Measuring Urbanisation Trends in Africa 2000–2013. Remote Sens. 9, (2017). 

 

Available at: https://www.ngdc.noaa.gov/eog/dmsp/downloadV4composites.html 

Elevation Static NOAA GLOBE Hastings, David A., and Paula K. Dunbar. Global Land One-kilometer Base Elevation (GLOBE) 
Digital Elevation Model, Documentation, Volume 1.0. Key to Geophysical Records Documentation 
(KGRD) 34. National Oceanic and Atmospheric Administration, National Geophysical Data Center, 
325 Broadway, Boulder, Colorado 80303, U.S.A (1999).  

GLOBE Task Team and others (Hastings, David A., Paula K. Dunbar, Gerald M. Elphingstone, Mark 
Bootz, Hiroshi Murakami, Hiroshi Maruyama, Hiroshi Masaharu, Peter Holland, John Payne, Nevin 
A. Bryant, Thomas L. Logan, J.-P. Muller, Gunter Schreier, and John S. MacDonald), eds., 1999. The 
Global Land One-kilometer Base Elevation (GLOBE) Digital Elevation Model, Version 1.0. National 
Oceanic and Atmospheric Administration, National Geophysical Data Center, 325 Broadway, 
Boulder, Colorado 80303, U.S.A. Available at: https://www.ngdc.noaa.gov/mgg/topo/globe.html. 
(Accessed: 16th February 2017) 
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Covariate Temporal 
Resolution 

Source Reference 

Population ratio 
of women of 
maternal age to 
children 
(fertility) 

Annual WorldPop (derived) 

 

Lloyd, C. T., Sorichetta, A. & Tatem, A. J. High resolution global gridded data for use in population 
studies. Sci. Data 4, sdata20171 (2017). 

Available at: http://www.worldpop.org.uk/data/get_data/. (Accessed: 25th July 2017) 

PopulationTV Annual WorldPop 

 

Lloyd, C. T., Sorichetta, A. & Tatem, A. J. High resolution global gridded data for use in population 
studies. Sci. Data 4, sdata20171 (2017). 

World Pop. Get data. Available at: http://www.worldpop.org.uk/data/get_data/. (Accessed: 25th July 
2017) 

AridityTV Annual WorldClim (derived) 

 

Zomer, R.J., Trabucco, A., Bossio, D.A. & Verchot, L.V. Climate change mitigation: A spatial 
analysis of global land suitability for clean development mechanism afforestation and reforestation. 
Agriculture Ecosystems & Environment 126, 67–80 (2008). 

Global Aridity Index (Global-Aridity) and Global Potential Evapo-Transpiration (Global-PET) 
Methodology and Geospatial Dataset Description (2009). Available at: http://www.cgiar-
csi.org/data/global-aridity-and-pet-database 

Urban or ruralTV Annual European Commission/ GHS 

 

Pesaresi, M. et al. Operating procedure for the production of the Global Human Settlement Layer 
from Landsat data of the epochs 1975, 1990, 2000, and 2014. (Publications Office of the European 
Union, 2016). 

Available at: http://ghsl.jrc.ec.europa.eu/data.php 

Urban 
proportion of the 
locationTV 

(landcover) 

 MODIS 

 

Available at: https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table/mcd12q1 

 

Irrigation Static University of Frankfurt and 
FAO 

 

Siebert, S., Doll, P., Hoogeveen, J., Faures, J.-M., Frenken, K., & Feick, S. Development and 
validation of the global map of irrigation areas. Hydrology and Earth System Sciences 9, 535–547 
(2005). 

Goethe-Universität. Generation of a digital global map of irrigation areas. Available at: 
https://www.unifrankfurt.de/45218039/Global_Irrigation_Map. (Accessed: 25th July 2017). Also 
from: http://www.fao.org/nr/water/aquastat/irrigationmap/index10.stm 

Number of 
people whose 
daily vitamin A 

 Herrero et al. (modelled) 

 

Herrero, M. et al. Farming and the geography of nutrient production for human use: a 
transdisciplinary analysis. Lancet Planet. Health 1, e33–e42 (2017). 
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Covariate Temporal 
Resolution 

Source Reference 

needs could be 
met (nutrient 
yield) 

Prevalence of 
under-5 
stuntingTV 

 Internally modelled Osgood-Zimmerman A, Millear AI, Stubbs RW, Shields C, Pickering BV, Earl L, Graetz N, Kinyoki 
DK, Ray SE, Bhatt S, Browne AJ, Burstein R, Cameron E, Casey DC, Deshpande A, Fullman N, 
Gething PW, Gibson HS, Henry NJ, Herrero M, Krause LK, Letourneau ID, Levine AJ, Liu PY, 
Longbottom J, Mayala BK, Mosser JF, Noor AM, Pigott DM, Piwoz EG, Rao P, Rawat R, Reiner 
RC, Smith DL, Weiss DJ, Wiens KE, Mokdad AH, Lim SS, Murray CJL, Kassebaum NJ, Hay SI. 
Mapping child growth failure in Africa between 2000 and 2015. Nature. 28 Feb 2018. 
doi:10.1038/nature25760 

IHME CGF Team (Damaris K.), generated on 2018_12_05 using run_date 2018_10_30_13_12_18 

Prevalence of 
under-5 
wastingTV 

 Internally modelled IHME CGF Team (Damaris K.), generated on 2018_12_05 using run_date 2018_10_30_13_12_18 

 

Diphtheria-
tetanus-pertussis 
(DTP3) 
immunisation 
coverageTV 

 Internally modelled IHME Vaccine Team (Alyssa S.), generated on 2019_03_11 using run_date 2018_12_21_21_20_34 

 

TV Time-varying 
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Appendix Table 5a–b. Covariates used in ensemble covariate modelling via stacked generalisation, stratified by modelling region 

Table a) presents the first 9 covariates and Table b) presents the following 9 covariates that were used in the generalised additive model (GAM), penalised 
regression with the elastic net penalty, and boosted regression tree (BRT) models. 

a) 

Region Access to roads Ratio of 
children 
dependents to 
working adults 

Distance to 
rivers or lakes 

Night-time 
lightsTV 

Elevation Fertility UrbanicityTV Nutrient yield Irrigation 

Horn of Africa TRUE FALSE TRUE FALSE TRUE TRUE TRUE TRUE TRUE 

Central sub-
Saharan Africa TRUE TRUE TRUE TRUE FALSE FALSE TRUE TRUE TRUE 

Western sub-
Saharan Africa TRUE FALSE TRUE FALSE TRUE TRUE TRUE TRUE TRUE 

North Africa 
and Middle 

East TRUE FALSE TRUE FALSE TRUE TRUE TRUE TRUE TRUE 

Southern sub-
Saharan Africa TRUE FALSE TRUE FALSE TRUE TRUE TRUE TRUE TRUE 

Mexico, 
Central 

America, and 
the Caribbean TRUE FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE 

South America TRUE FALSE TRUE FALSE TRUE TRUE TRUE TRUE TRUE 

Central Asia TRUE TRUE TRUE FALSE FALSE FALSE TRUE TRUE TRUE 

Mongolia TRUE FALSE TRUE FALSE TRUE TRUE TRUE TRUE TRUE 

India TRUE FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE 

SE Asia TRUE FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE 

Malay 
Archipelago TRUE TRUE TRUE FALSE TRUE FALSE TRUE TRUE TRUE 
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Region Access to roads Ratio of 
children 
dependents to 
working adults 

Distance to 
rivers or lakes 

Night-time 
lightsTV 

Elevation Fertility UrbanicityTV Nutrient yield Irrigation 

South Asia TRUE TRUE TRUE TRUE TRUE FALSE TRUE TRUE TRUE 

Middle East TRUE FALSE TRUE FALSE TRUE TRUE TRUE TRUE TRUE 

Eastern sub-
Saharan Africa TRUE TRUE TRUE TRUE TRUE FALSE TRUE TRUE TRUE 

*GBD covariate included in the VIF selection 
TV Time-varying 

 

b) 

Region Land cover AridityTV PopulationTV StuntingTV WastingTV DTP3 vaccine 
coverage 

% of 
population with 
access to 
improved water 
sources 

% of 
population with 
access to 
improved 
sanitation 
facilities 

Haqi* 

Horn of Africa FALSE FALSE TRUE TRUE TRUE TRUE FALSE TRUE FALSE 

Central sub-
Saharan Africa FALSE TRUE TRUE TRUE TRUE TRUE TRUE FALSE TRUE 

Western sub-
Saharan Africa FALSE TRUE TRUE TRUE TRUE TRUE TRUE FALSE TRUE 

North Africa 
and Middle 

East FALSE TRUE TRUE TRUE TRUE FALSE FALSE FALSE TRUE 

Southern sub-
Saharan Africa TRUE TRUE TRUE FALSE TRUE TRUE TRUE TRUE FALSE 

Mexico, 
Central FALSE TRUE TRUE FALSE TRUE TRUE FALSE TRUE FALSE 
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Region Land cover AridityTV PopulationTV StuntingTV WastingTV DTP3 vaccine 
coverage 

% of 
population with 
access to 
improved water 
sources 

% of 
population with 
access to 
improved 
sanitation 
facilities 

Haqi* 

America, and 
the Caribbean 

South America TRUE TRUE TRUE TRUE TRUE TRUE FALSE TRUE FALSE 

Central Asia FALSE TRUE TRUE FALSE TRUE TRUE TRUE FALSE FALSE 

Mongolia TRUE TRUE FALSE FALSE TRUE TRUE TRUE FALSE FALSE 

India FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE FALSE 

SE Asia FALSE TRUE TRUE FALSE TRUE TRUE TRUE FALSE FALSE 

Malay 
Archipelago FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE FALSE 

South Asia FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE FALSE 

Middle East TRUE TRUE TRUE FALSE TRUE FALSE TRUE FALSE FALSE 

Eastern sub-
Saharan Africa FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE 

*GBD covariate included in the VIF selection 
TV Time-varying 
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Appendix Table 6.  Parameters used for boosted regression trees 

Region Bagging fraction Tree complexity Number of trees Learning rate Min. observations per 
node 

Central sub-Saharan Africa 0.5 4 997 0.061 13 
Eastern sub-Saharan Africa 0.5 4 4448 0.041 8 

Horn of Africa 0.5 4 933 0.088 12 
North Africa Middle East 0.5 4 1680 0.058 6 

Southern sub-Saharan 
Africa 0.5 

4 
758 0.067 9 

Western sub-Saharan Africa 0.5 4 982 0.073 14 
Mexico, Central America, 

and the Caribbean 0.5 
4 

1374 0.035 12 
South America 0.5 4 3996 0.090 14 

Central Asia 0.5 4 1397 0.037 9 
Middle East 0.5 4 778 0.069 11 

Mongolia 0.5 4 1479 0.020 12 
South Asia 0.5 4 1323 0.044 15 

Southeast Asia 0.5 4 1883 0.040 13 
Malay Archipelago 0.5 4 5780 0.032 14 

India 0.5 4 9662 0.011 15 
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Appendix Table 7. Fitted parameters  

Lower, median, and upper quantiles (0.025%, 0.50%, 0.975%) are displayed for the main parameters by region. The first four columns provide information on 
the fixed effects: the intercept (int) and the covariates (gam, gbm, and enet) corresponding to the predicted ensemble rasters. Fitted values for the spatio-temporal 
field hyperparameters and the precisions (inverse variance) for our random effects are shown in the next four columns. 

 Quantiles int gam gbm enet Nominal 
Range 

Nominal 
Variance 

Ar1 ρ precis Country Random 
Effect Precision 

Central sub-Saharan 
Africa quantiles 

0.025 -0.0886 0.0705 0.3891 0.2191 0.2955 -0.3819 0.7169 842.9741 23.4788 

0.500 -0.0314 0.1877 0.4714 0.3408 0.5494 0.1160 0.8939 13143.2288 48.1609 

0.975 0.0256 0.3050 0.5538 0.4621 0.9071 0.4610 0.9648 68813.7643 95.3734 

Eastern sub-Saharan 
Africa quantiles 

0.025 -0.2308 0.1487 0.1842 0.3620 0.4067 -0.6690 0.9185 1147.5586 7.8353 

0.500 -0.1379 0.2719 0.2352 0.4927 0.6502 -0.3145 0.9614 12679.4904 12.6842 

0.975 -0.0452 0.3957 0.2863 0.6228 0.8788 0.0543 0.9842 75651.0104 20.2242 

Horn of Africa 
quantiles 

0.025 -0.5808 -0.0500 0.2815 0.5792 0.6547 -1.0195 0.8548 930.3892 10.9600 

0.500 -0.4380 0.0062 0.3390 0.6547 0.7915 -0.7082 0.9225 1810.3702 23.1016 

0.975 -0.2957 0.0626 0.3965 0.7301 0.9143 -0.3794 0.9589 4466.2463 50.6154 

North Africa Middle 
East quantiles 

 

 

0.0749 0.1664 -0.0694 0.3312 0.2413 -0.9193 0.3822 -0.5853 826.0058 6.8683 

0.2093 0.2676 0.1117 0.4422 0.4459 -0.5830 0.7707 -0.0672 11303.5765 14.8836 

0.3432 0.3678 0.2927 0.5532 0.6505 -0.2230 1.1364 0.5383 65246.7832 32.0212 

Southern sub-
Saharan Africa 

quantiles 

0.025 -0.1320 -0.0813 -0.0009 0.3257 0.9881 -0.3959 -0.0482 1463.2432 2.4434 

0.500 -0.0483 0.2702 0.0556 0.6736 2.3495 2.1246 0.7705 14945.0866 4.3667 

0.975 0.0337 0.6237 0.1131 1.0190 4.7445 6.7720 0.9792 71203.3650 7.5538 

Western sub-Saharan 
Africa quantiles  

0.025 -0.0948 -0.1478 0.5400 0.2894 0.6811 -1.0268 0.3450 3762.6308 11.4176 

0.500 -0.0211 -0.0282 0.6272 0.4010 0.8442 -0.7962 0.5638 21401.5247 21.7635 

0.975 0.0526 0.0916 0.7142 0.5122 0.9979 -0.5499 0.7552 83697.6148 33.2766 

Mexico, Central 
America, and the 

Caribbean quantiles 

0.025 -0.1950 -0.0506 0.2434 0.2600 0.7259 -1.9563 0.5816 2136.2162 982.5331 

0.500 -0.0592 0.1821 0.3349 0.4830 1.6673 -1.2873 0.8604 15704.5585 12036.3112 

0.975 0.0764 0.4160 0.4264 0.7042 2.3694 -0.5411 0.9569 73301.5720 65428.6688 
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 Quantiles int gam gbm enet Nominal 
Range 

Nominal 
Variance 

Ar1 ρ precis Country Random 
Effect Precision 

 

South America 
quantiles 

 

0.025 -0.1956 0.3415 0.0431 0.2239 1.5704 -2.2363 0.8047 3080.3541 21.9895 

0.500 -0.0839 0.5261 0.0667 0.4078 2.1855 -1.5850 0.9244 17126.0933 47.4096 

0.975 
0.0276 0.7124 0.0888 0.5899 2.7379 -0.9261 0.9812 79371.8188 116.6675 

Central Asia 
quantiles 

0.025 -0.7328 -0.1352 0.1902 0.4642 -0.5402 -0.2720 -0.1473 107.0631 1088.7073 

0.500 -0.5121 0.0046 0.3440 0.6509 -0.1399 0.2469 0.4438 276.6643 11491.0210 

0.975 -0.2939 0.1451 0.4981 0.8371 0.2603 0.7487 0.7726 743.1322 63244.8907 

Middle East quantiles 0.025 -0.9871 -0.0077 0.0072 0.7681 -0.8873 0.4064 0.4146 140.2626 1.8549 

0.500 -0.8549 0.0543 0.0796 0.8638 -0.7394 0.5726 0.6412 265.3059 3.4692 

0.975 -0.7222 0.1243 0.1519 0.9565 -0.6093 0.7637 0.7770 580.7055 6.5046 

Mongolia quantiles 0.025 -0.0045 -0.0334 0.0782 -0.1312 -1.2813 -1.4449 0.1459 1484.8496 -- 

0.500 0.1164 0.4541 0.1877 0.3558 1.4519 1.4551 0.7529 14038.4000 -- 

0.975 0.2347 0.9575 0.3009 0.8278 3.4203 6.1773 0.9491 69651.9570 -- 

South Asia quantiles 0.025 -0.2193 -0.1116 0.3695 0.4725 -0.5459 0.0654 -0.1160 235.8261 4.5442 

0.500 -0.1335 -0.0352 0.4584 0.5765 -0.3548 0.2452 0.2147 552.3542 7.5084 

0.975 -0.0480 0.0418 0.5473 0.6802 -0.2082 0.4712 0.5651 1796.0736 13.8463 

Southeast Asia 
quantiles 

0.025 -0.3366 -0.1004 0.0065 0.7936 0.2318 -1.1720 0.6487 2145.9710 1.9920 

0.500 -0.1711 0.0464 0.0119 0.9417 0.7130 -0.5234 0.8835 16480.1070 3.5187 

0.975 -0.0079 0.1946 0.0172 1.0882 1.2176 0.1041 0.9649 78564.8125 6.0458 

Malay Archipelago 
quantiles 

0.025 0.0221 0.4149 -0.0037 0.2941 0.2425 -0.7570 0.9201 2586.1534 1.3418 

0.500 0.0880 0.5594 0.0022 0.4385 0.6626 0.0249 0.9571 16187.5878 2.2262 

0.975 0.1536 0.7038 0.0081 0.5826 1.2129 0.6209 0.9822 110542.2131 3.7787 

India quantiles 0.025 -0.0031 -0.1565 0.3147 0.4699 -0.0358 -0.3318 -0.2628 3402.7821 -- 

0.500 0.0681 -0.0057 0.3856 0.6200 0.1397 -0.0848 -0.0445 19465.9450 -- 

0.975 0.1389 0.1453 0.4565 0.7696 0.3553 0.1137 0.2024 84647.6970 -- 
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Appendix Table 8. Diarrhoea definition adjustment 

Below are all surveys that were adjusted for their definition of diarrhoea shown with source sample size, age 
adjusted prevalence and diarrhoea adjusted prevalence.  

Country Source Year Sample 
Size 

Age Adjusted 
Prevalence 

Definition Adjusted 
Prevalence 

Burundi UNICEF MICS 2005 6550.13 0.197082 0.189892 

Burkina Faso UNICEF MICS 2006 5216 0.19862 0.191043 

Bangladesh UNICEF MICS 2006 29675 0.071205 0.068102 

Belize UNICEF MICS 2006 780.9562 0.12358 0.118141 

Belize UNICEF MICS 2011 1902.836 0.075849 0.072339 

Bolivia HOUSEHOLD SURVEY 2016 609.2184 0.220988 0.212279 

Côte d'Ivoire UNICEF MICS 2006 6886.423 0.169944 0.162891 

Cameroon UNICEF MICS 2006 5853.078 0.183348 0.176476 

Democratic Republic 
of the Congo 

UNICEF MICS 
2001 9385.646 0.22511 0.21628 

Comoros UNICEF MICS 2000 4321.497 0.188021 0.180248 

Djibouti UNICEF MICS 2006 1949.202 0.041447 0.03946 

Dominican Republic UNICEF MICS 2000 1995 0.210526 0.202192 

Ghana UNICEF MICS 2006 3048.836 0.162407 0.155575 

The Gambia UNICEF MICS 2000 3616 0.221239 0.21258 

The Gambia UNICEF MICS 2005 6485.514 0.192505 0.184804 

Guinea-Bissau UNICEF MICS 2000 5597.045 0.319706 0.308915 

Guinea-Bissau UNICEF MICS 2006 5291.861 0.122233 0.116802 

Equatorial Guinea UNICEF MICS 2000 2469.057 0.235834 0.226661 

Guyana UNICEF MICS 2006 2295.757 0.111238 0.106345 

India 
DISTRICT LEVEL 
HOUSEHOLD SURVEY 2007 255902.6 0.110598 0.105792 

Iraq UNICEF MICS 2000 14338.29 0.206359 0.198166 

Iraq UNICEF MICS 2006 14286.11 0.13196 0.126234 

Iraq UNICEF MICS 2011 24866.95 0.144014 0.137882 

Jamaica UNICEF MICS 2005 1419 0.024665 0.02346 

Kenya UNICEF MICS 2008 13996 0.110389 0.105705 

Kenya UNICEF MICS 2009 450.2132 0.193378 0.185408 

Kyrgyzstan UNICEF MICS 2005 2854.543 0.038772 0.037039 

Laos UNICEF MICS 2000 5101 0.060576 0.057992 

Laos UNICEF MICS 2006 4134 0.129657 0.12453 

Madagascar UNICEF MICS 2000 5746.31 0.132394 0.126581 

Myanmar 
MULTIPLE INDICATOR 
CLUSTER SURVEY 2003 1852.875 0.339108 0.328085 

Myanmar UNICEF MICS 2009 15275.07 0.07432 0.070863 

Mongolia UNICEF MICS 2005 3542.681 0.06609 0.062991 
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Mozambique UNICEF MICS 2008 11407 0.175068 0.168237 

Mauritania UNICEF MICS 2007 8561.69 0.218515 0.209927 

Malawi UNICEF MICS 2006 20137.5 0.233921 0.224899 

Niger UNICEF MICS 2000 4613.821 0.373406 0.361804 

Nigeria WB_CWIQ 2006 25194.4 0.05184 0.049361 

Nigeria UNICEF MICS 2007 16487 0.105841 0.101178 

Sudan UNICEF MICS 2000 20789.45 0.278391 0.268252 

Sudan UNICEF MICS 2010 11952.26 0.272342 0.26228 

Senegal UNICEF MICS 2000 8453.075 0.293031 0.282557 

Sierra Leone UNICEF MICS 2000 2669.364 0.251824 0.242272 

Sierra Leone UNICEF MICS 2005 5232.73 0.14395 0.137842 

Somalia UNICEF MICS 2006 6195.955 0.195114 0.187579 

South Sudan UNICEF MICS 2000 1390 0.25036 0.241886 

South Sudan UNICEF MICS 2010 8197.817 0.351049 0.339436 

São Tomé and Príncipe UNICEF MICS 2000 2189.46 0.182501 0.174893 

Suriname UNICEF MICS 2006 2238.076 0.111963 0.107071 

Syria UNICEF MICS 2006 10933 0.081498 0.077759 

Chad UNICEF MICS 2000 4114.743 0.313937 0.303138 

Togo UNICEF MICS 2006 3499.781 0.151746 0.145265 

Thailand UNICEF MICS 2012 4018.802 0.053646 0.051075 

Thailand UNICEF MICS 2015 2883.827 0.05251 0.049992 

Thailand UNICEF MICS 2016 472.607 0.036036 0.034275 

Tajikistan UNICEF MICS 2005 3897.297 0.128908 0.123202 

Turkmenistan UNICEF MICS 2006 2054.736 0.056043 0.053373 

Uganda WB_LSMS_ISA 2013 2181.79 0.136815 0.131967 

Uzbekistan UNICEF MICS 2006 4569.577 0.022602 0.021491 

Vietnam UNICEF MICS 2000 3082.22 0.114597 0.109499 

Vietnam UNICEF MICS 2006 2678 0.073936 0.070473 
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Appendix Table 9. Age adjustment Table 

Below are all surveys that were adjusted for age difference (e.g., the source sampled children age 0–24 months 
instead of 0–59 months) shown with source sample size, age range of the children sampled, unadjusted prevalence, 
and adjusted prevalence. 

Country Source Year Sample Size Age 
Range 

Unadjusted 
Prevalence 

Age 
Adjusted 

Prevalence 

Burkina Faso WB CWIQ 2003 729 0–4 0.325 0.312 

Ethiopia WB LSMS ISA 2013 2906 0.5–5 0.151 0.154 

India 
DISTRICT LEVEL HOUSEHOLD 
SURVEY 2002 162193 0–3 0.136 0.125 

India 
DISTRICT LEVEL HOUSEHOLD 
SURVEY 2007 255903 0–4 0.117 0.111 

India 
COVERAGE EVALUATION 
SURVEY 2009 15425 1-2 0.154 0.131 

Kenya SMART SURVEY 2011 472 0–3 0.124 0.131 

Kenya SMART SURVEY 2011 678 0.5–5 0.124 0.131 

Kenya SMART SURVEY 2011 313 0.5–5 0.128 0.136 

Kenya SMART SURVEY 2011 221 0.5–5 0.303 0.321 

Kenya SMART SURVEY 2011 725 0.5–5 0.060 0.064 

Kenya SMART SURVEY 2012 614 0.5–5 0.096 0.102 

Kenya SMART SURVEY 2012 441 0.5–5 0.320 0.339 

Kenya SMART SURVEY 2012 373 0.5–5 0.129 0.137 

Kenya SMART SURVEY 2012 238 0.5–5 0.210 0.223 

Mozambique MACRO AIS 2015 4980 1-3 0.111 0.103 

Nigeria 
HOUSEHOLD, SCHOOL AND 
HEALTH FACILITY SURVEY 2005 614 0-3 0.055 0.047 

Nigeria 
HOUSEHOLD, SCHOOL AND 
HEALTH FACILITY SURVEY 2007 909 0-3 0.043 0.037 

Sierra Leone NUTRITION SURVEY 2017 8462 0.5-5 0.047 0.047 

Vietnam MACRO DHS 2002 1230 0-3 0.109 0.102 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2011 4721 

0.5-5 
0.454 0.461 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2012 711 

0.5-5 
0.370 0.375 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2012 411 

0.5-5 
0.287 0.291 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2012 1439 

0.5-5 
0.469 0.475 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2012 1648 

0.5-5 
0.419 0.425 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2013 949 

0.5-5 
0.348 0.352 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2013 861 

0.5-5 
0.354 0.358 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2014 325 

0.5-5 
0.357 0.360 
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Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2014 1547 

0.5-5 
0.456 0.461 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2015 695 

0.5-5 
0.414 0.418 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2015 1115 

0.5-5 
0.483 0.487 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2015 1034 

0.5-5 
0.423 0.426 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2016 738 

0.5-5 
0.480 0.483 

Yemen NUTRITION_SURVEY 2016 1746 0.5-5 0.390 0.392 

Yemen NUTRITION_SURVEY 2016 1190 0.5-5 0.470 0.473 

Yemen NUTRITION_SURVEY 2016 1234 0.5-5 0.461 0.464 

Yemen 
NUTRITIONAL STATUS & 
MORTALITY SURVEY 2017 1315 

0.5-5 
0.215 0.216 
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Appendix Table 10a–f. In-sample fit statistics 

In-sample fit statistics are shown for country-level (a,b), first-administrative level (c,d), and second administrative 
level (e,f) aggregations. Metrics are shown by year (a,d,e) and by modelling region (b,d,e). 

a) Predictive in sample metrics by year aggregated to the country level for diarrhoea prevalence. 

Year Mean Err. RMSE Median SS Corr. 95% Cov. 

2000 -0.00258 36461.76 4422.872 0.959677 0.600903 

2001 0.000403 6842.664 5122.5 0.81014 0.948672 

2002 0.000896 26077.07 5486.588 0.976267 0.944371 

2003 0.029838 1144636 6500 0.88682 0.05286 

2004 -0.00205 25359.22 6586.5 0.982204 0.896659 

2005 -0.0012 19500.86 5245.365 0.972327 0.969033 

2006 0.001824 902712.1 5225.304 0.990794 0.993457 

2007 0.002828 33534.66 5724 0.96358 0.911643 

2008 -0.00183 55413.21 6066.49 0.779837 0.882409 

2009 -0.00061 10314.59 6029.213 0.941342 0.960504 

2010 0.00145 9855.338 7655.195 0.89581 0.942704 

2011 0.001853 10730.01 8439.388 0.968006 0.976789 

2012 0.001372 22222.66 6243.5 0.950423 0.918817 

2013 -0.0017 28721.44 6838.862 0.909784 0.931013 

2014 0.002724 13282.26 6917 0.965095 0.956792 

2015 0.00138 56992.99 10085.63 0.952785 0.96839 

2016 0.003331 12252 7010.024 0.918266 0.918563 

2017 0.001883 12617.23 11126.29 0.814551 0.818453 
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b) Predictive in sample metrics by region aggregated to the country level for diarrhoea prevalence. 

Region Mean Err. RMSE Median SS Corr. 95% Cov. 

India -0.00141 142571.4 68721.18 0.794424 0.940274 

Mongolia -0.00066 4099.28 3581.603 0.597622 0.933523 

Horn of Africa 0.00192 1215904 6616.013 0.957704 0.995036 

Central Asia 0.001292 4116.442 4167 0.987361 0.993177 

Central sub-Saharan Africa -0.0018 10291.73 7328.384 0.915071 0.978634 

Eastern sub-Saharan Africa 0.001535 9395.286 5803.655 0.879773 0.978874 

Malay Archipelago -0.00087 53755.23 17696.02 0.822281 0.883395 

Mexico, central America, and the 
Caribbean -0.00051 7013.744 4892.403 0.989369 0.9897 

The Middle East 0.03113 1287518 12399.27 0.979286 0.030938 

Northern Africa -0.00402 65160.69 5850 0.973299 0.410153 

South America 0.001039 10155.17 4599.155 0.854705 0.986645 

Southeast Asia 0.002658 7958.273 5038.556 0.713112 0.804503 

South Asia 0.001022 18234.85 8239 0.94253 0.863633 

Southern sub-Saharan Africa 0.000477 4815.835 1545.903 0.832675 0.682705 

Western sub-Saharan Africa 0.000579 11761.66 6983.188 0.916647 0.940076 
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c) Predictive in sample metrics by year aggregated to the first administrative level for diarrhoea prevalence. 

Year Mean Err. RMSE Median SS Corr. 95% Cov. 

2000 -0.00258 2333.669 274 0.932465 0.600903 

2001 0.000403 584.7609 68.17568 0.783579 0.948672 

2002 0.000896 1342.125 161.7645 0.926455 0.944371 

2003 0.029838 54702.24 153 0.972523 0.05286 

2004 -0.00205 1686.012 368.2709 0.964964 0.896659 

2005 -0.0012 1156.03 272.4639 0.917135 0.969033 

2006 0.001824 50498.47 250.6849 0.968795 0.993457 

2007 0.002828 1643.3 312.4817 0.907021 0.911643 

2008 -0.00183 3548.19 377.02 0.783915 0.882409 

2009 -0.00061 703.4821 291.0782 0.874766 0.960504 

2010 0.00145 906.9722 371 0.866054 0.942704 

2011 0.001853 670.9522 331.4673 0.907993 0.976789 

2012 0.001372 1248.834 355.9981 0.913408 0.918817 

2013 -0.0017 1534.853 305.3576 0.882256 0.931013 

2014 0.002724 1326.408 349.1717 0.90844 0.956792 

2015 0.00138 4019.886 644.6587 0.924898 0.96839 

2016 0.003331 589.3396 282.2504 0.874914 0.918563 

2017 0.001883 921.1147 444.6032 0.748113 0.818453 
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d) Predictive in sample metrics by region aggregated to the first administrative level for diarrhoea 
prevalence. 

Region Mean Err. RMSE Median SS Corr. 95% Cov. 

India -0.00141 6658.789 1133.135 0.857302 0.940274 

Mongolia -0.00066 371.2068 162.5 0.618169 0.933523 

Horn of Africa 0.00192 85527.09 642 0.967772 0.995036 

Central Asia 0.001292 579.7716 386.2754 0.931556 0.993177 

Central sub-Saharan Africa -0.0018 719.0324 529.4174 0.824306 0.978634 

Eastern sub-Saharan Africa 0.001535 773.8414 97 0.78371 0.978874 

Malay Archipelago -0.00087 2382.332 270.124 0.760727 0.883395 

Mexico, central America, and the 
Caribbean -0.00051 464.1463 271.4587 0.877892 0.9897 

The Middle East 0.03113 64224.77 689.3445 0.991596 0.030938 

Northern Africa -0.00402 3137.011 247 0.836688 0.410153 

South America 0.001039 555.3194 329.3172 0.790738 0.986645 

Southeast Asia 0.002658 386.785 57.736 0.662882 0.804503 

South Asia 0.001022 4256.645 928 0.911795 0.863633 

Southern sub-Saharan Africa 0.000477 515.1575 140.5291 0.762385 0.682705 

Western sub-Saharan Africa 0.000579 922.161 536.7694 0.885348 0.940076 
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e) Predictive in sample metrics by year aggregated to the second administrative level for diarrhoea 
prevalence. 

Year Mean Err. RMSE Median SS Corr. 95% Cov. 

2000 -0.00258 703.0055 38 0.909764 0.600903 

2001 0.000403 156.9732 29.24542 0.72693 0.948672 

2002 0.000896 158.4306 50.04706 0.851144 0.944371 

2003 0.029838 9759.431 22 0.964552 0.05286 

2004 -0.00205 216.2431 103.096 0.945658 0.896659 

2005 -0.0012 127.6838 29 0.835027 0.969033 

2006 0.001824 13224.14 44 0.965545 0.993457 

2007 0.002828 179.2696 51.9902 0.843329 0.911643 

2008 -0.00183 266.5709 45 0.744177 0.882409 

2009 -0.00061 137.024 26.84685 0.7587 0.960504 

2010 0.00145 178.7098 33.19359 0.800524 0.942704 

2011 0.001853 141.7656 39 0.850136 0.976789 

2012 0.001372 165.2871 42.88677 0.851378 0.918817 

2013 -0.0017 143.9977 20.09701 0.819787 0.931013 

2014 0.002724 251.7417 43 0.829846 0.956792 

2015 0.00138 344.6095 90.60172 0.834851 0.96839 

2016 0.003331 134.3992 43 0.81033 0.918563 

2017 0.001883 184.4761 25.39926 0.652647 0.818453 
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f) Predictive in sample metrics by region aggregated to the second administrative level for diarrhoea 
prevalence. 

Region Mean Err. RMSE Median SS Corr. 95% Cov. 

India -0.00141 273.2747 103 0.752488 0.940274 

Mongolia -0.00066 89.50022 7.662 0.434734 0.933523 

Horn of Africa 0.00192 21244.38 68 0.961905 0.995036 

Central Asia 0.001292 162.6019 49.76313 0.820718 0.993177 

Central sub-Saharan Africa -0.0018 197.5417 65 0.681959 0.978634 

Eastern sub-Saharan Africa 0.001535 172.9063 42 0.681539 0.978874 

Malay Archipelago -0.00087 215.071 61 0.655253 0.883395 

Mexico, central America, and the 
Caribbean -0.00051 134.9077 17.77103 0.716695 0.9897 

The Middle East 0.03113 14396.95 87 0.985651 0.030938 

Northern Africa -0.00402 831.1926 26 0.76702 0.410153 

South America 0.001039 105.8462 12.12976 0.674362 0.986645 

Southeast Asia 0.002658 132.0324 16.75897 0.601928 0.804503 

South Asia 0.001022 836.2025 254.6374 0.901628 0.863633 

Southern sub-Saharan Africa 0.000477 105.226 26.88727 0.680792 0.682705 

Western sub-Saharan Africa 0.000579 192.1447 49.31013 0.810058 0.940076 
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Appendix Table 11a–f. Out-of-sample fit statistics 

Out-of-sample fit statistics are shown for country-level (a,b), first-administrative level (c,d), and second 
administrative level (e,f) aggregations. Metrics are shown by year (a,d,e) and by modelling region (b,d,e). 

a) Predictive out of sample metrics by year aggregated to the country level for diarrhoea prevalence. 

Year Mean Err. RMSE Median SS Corr. 95% Cov. 

2000 -0.00425 36458.76 4218.12 0.964018 0.620194 

2001 3.41E-05 6842.664 5122.5 0.834617 0.827049 

2002 9.44E-05 26077.07 5486.588 0.989783 0.935431 

2003 0.005974 954648 6500 0.995106 0.881182 

2004 -0.00333 25359.22 6586.5 0.97326 0.890665 

2005 -0.00103 19500.86 5245.365 0.981503 0.947297 

2006 0.002344 851002.3 5225.304 0.992665 0.911571 

2007 0.002501 33534.66 5724 0.988127 0.903439 

2008 -0.00034 55415.28 6066.49 0.906486 0.849729 

2009 -0.00048 10310.2 6029.213 0.923582 0.906068 

2010 0.000143 9855.339 7655.195 0.968654 0.946022 

2011 0.001062 10730.5 8439.388 0.983355 0.938904 

2012 0.000884 22222.66 6243.5 0.968307 0.887391 

2013 -0.00192 28659.89 6838.862 0.96361 0.94324 

2014 0.002699 13282.26 6917 0.973032 0.929452 

2015 0.002195 56992.99 10085.63 0.946642 0.948599 

2016 0.000313 12252 7010.024 0.986801 0.945851 

2017 0.00084 12617.23 11126.29 0.781495 0.785643 
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b) Predictive out of sample metrics by region aggregated to the country level for diarrhoea prevalence. 

Region Mean Err. RMSE Median SS Corr. 95% Cov. 

India 0.001171 142573.6 68721.18 0.811362 0.897341 

Mongolia -0.00064 4099.28 3581.603 0.881029 0.929388 

Horn of Africa 0.002478 1146232 6616.013 0.959602 0.915092 

Central Asia -0.00017 4008.679 3897.297 0.991849 0.967378 

Central sub-Saharan Africa -0.0005 10291.73 7328.384 0.980656 0.935896 

Eastern sub-Saharan Africa 0.001355 9395.286 5803.655 0.901306 0.941136 

Malay Archipelago -0.00087 53755.23 17696.02 0.817942 0.881355 

Mexico, central America, and the 
Caribbean 0.00014 7013.744 4892.403 0.985377 0.974018 

The Middle East 0.006007 1073554 12399.27 0.988061 0.876713 

Northern Africa -0.0076 65160.83 5850 0.910718 0.403638 

South America 0.00073 10155.17 4599.155 0.844213 0.97932 

Southeast Asia 0.002253 7958.273 5038.556 0.926858 0.811533 

South Asia 0.001037 17909 8239 0.952221 0.758832 

Southern sub-Saharan Africa 0.001411 4815.835 1545.903 0.942626 0.864376 

Western sub-Saharan Africa 0.000612 11761.66 6983.188 0.933927 0.90621 
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c) Predictive out of sample metrics by year aggregated to the first administrative level for diarrhoea 
prevalence. 

Year Mean Err. RMSE Median SS Corr. 95% Cov. 

2000 -0.00425 2333.108 273.0552 0.918726 0.620194 

2001 3.41E-05 584.7611 68.17568 0.760727 0.827049 

2002 9.44E-05 1342.125 161.7645 0.927088 0.935431 

2003 0.005974 46707.79 153 0.972276 0.881182 

2004 -0.00333 1686.012 368.2709 0.945878 0.890665 

2005 -0.00103 1156.03 272.4639 0.910665 0.947297 

2006 0.002344 46979.63 250.6849 0.979726 0.911571 

2007 0.002501 1643.3 312.4817 0.913911 0.903439 

2008 -0.00034 3548.19 377.02 0.858565 0.849729 

2009 -0.00048 703.0071 288.9412 0.814088 0.906068 

2010 0.000143 906.973 371 0.896042 0.946022 

2011 0.001062 670.9541 331.4673 0.901112 0.938904 

2012 0.000884 1248.834 355.9981 0.909424 0.887391 

2013 -0.00192 1533.059 305.3576 0.917968 0.94324 

2014 0.002699 1326.408 349.1717 0.89463 0.929452 

2015 0.002195 4019.886 644.6587 0.894225 0.948599 

2016 0.000313 589.3417 282.2504 0.899462 0.945851 

2017 0.00084 921.1153 444.6032 0.682852 0.785643 
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d) Predictive out of sample metrics by region aggregated to the first administrative level for diarrhoea 
prevalence. 

Region Mean Err. RMSE Median SS Corr. 95% Cov. 

India 0.001171 6658.788 1133.135 0.849075 0.897341 

Mongolia -0.00064 371.2068 162.5 0.573659 0.929388 

Horn of Africa 0.002478 79565.33 642 0.977492 0.915092 

Central Asia -0.00017 563.4224 378.2914 0.879921 0.967378 

Central sub-Saharan Africa -0.0005 719.0314 529.4174 0.770593 0.935896 

Eastern sub-Saharan Africa 0.001355 773.8415 97 0.747539 0.941136 

Malay Archipelago -0.00087 2382.332 270.124 0.734983 0.881355 

Mexico, central America, and the 
Caribbean 0.00014 464.1459 271.4587 0.825572 0.974018 

The Middle East 0.006007 54811.43 676 0.970489 0.876713 

Northern Africa -0.0076 3137.012 247 0.784779 0.403638 

South America 0.00073 555.3197 329.3172 0.746219 0.97932 

Southeast Asia 0.002253 386.7852 57.736 0.824825 0.811533 

South Asia 0.001037 4121.078 928 0.923278 0.758832 

Southern sub-Saharan Africa 0.001411 515.157 140.5291 0.870643 0.864376 

Western sub-Saharan Africa 0.000612 922.161 536.7694 0.850218 0.90621 
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e) Predictive out of sample metrics by year aggregated to the second administrative level for diarrhoea 
prevalence. 

Year Mean Err. RMSE Median SS Corr. 95% Cov. 

2000 -0.00425 702.6304 38 0.886211 0.620194 

2001 3.41E-05 156.9734 29.24542 0.67771 0.827049 

2002 9.44E-05 158.4311 50.04706 0.827853 0.935431 

2003 0.005974 8839.53 22 0.863173 0.881182 

2004 -0.00333 216.244 103.096 0.92079 0.890665 

2005 -0.00103 127.6837 29 0.807653 0.947297 

2006 0.002344 10909.46 44 0.949832 0.911571 

2007 0.002501 179.2698 51.9902 0.840909 0.903439 

2008 -0.00034 266.5702 45 0.721166 0.849729 

2009 -0.00048 136.6978 26.84685 0.686407 0.906068 

2010 0.000143 178.7104 33.19359 0.786656 0.946022 

2011 0.001062 141.767 39 0.826509 0.938904 

2012 0.000884 165.2874 42.88677 0.831417 0.887391 

2013 -0.00192 143.582 20 0.834853 0.94324 

2014 0.002699 251.7417 43 0.790646 0.929452 

2015 0.002195 344.609 90.60172 0.775888 0.948599 

2016 0.000313 134.4009 43 0.80694 0.945851 

2017 0.00084 184.4765 25.39926 0.566322 0.785643 
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f) Predictive out of sample metrics by region aggregated to the second administrative level for diarrhoea 
prevalence. 

Region Mean Err. RMSE Median SS Corr. 95% Cov. 

India 0.001171 273.273 103 0.594099 0.897341 

Mongolia -0.00064 89.50022 7.662 0.343701 0.929388 

Horn of Africa 0.002478 17525.46 68 0.9394 0.915092 

Central Asia -0.00017 151.2232 49.76313 0.726618 0.967378 

Central sub-Saharan Africa -0.0005 197.5409 65 0.599988 0.935896 

Eastern sub-Saharan Africa 0.001355 172.9064 42 0.605435 0.941136 

Malay Archipelago -0.00087 215.071 61 0.625057 0.881355 

Mexico, central America, and the 
Caribbean 0.00014 134.9074 17.77103 0.637025 0.974018 

The Middle East 0.006007 13039.31 85.12207 0.849265 0.876713 

Northern Africa -0.0076 831.1935 26 0.683297 0.403638 

South America 0.00073 105.8463 12.12976 0.611133 0.97932 

Southeast Asia 0.002253 132.0325 16.75897 0.728319 0.811533 

South Asia 0.001037 808.336 251.7394 0.862669 0.758832 

Southern sub-Saharan Africa 0.001411 105.2256 26.88727 0.76654 0.864376 

Western sub-Saharan Africa 0.000612 192.1447 49.31013 0.749553 0.90621 
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