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An exploration of multilevel modeling for estimating

access to drinking-water and sanitation
SUPPLEMENTAL MATERIAL
Table 1 | Number of data points, access to water and sanitation

WHO regionsa Year Total waterb Total sanitationb

Sub-Saharan Africa 1979–1989 15 16

1990–1999 109 103

2000–2004 108 115

2005–2010 107 104

Total 339 338

Americas 1979–1989 10 14

1990–1999 80 79

2000–2004 70 69

2005–2010 46 48

Total 206 210

Eastern Mediterranean 1979–1989 5 5

1990–1999 32 25

2000–2004 27 18

2005–2010 26 23

Total 90 71

Europe 1979–1989 0 0

1990–1999 30 27

2000–2004 38 39

2005–2010 35 28

Total 103 94

South-East Asia 1979–1989 5 6

1990–1999 34 30

2000–2004 32 30

2005–2010 28 27

Total 99 93

Western Pacific 1979–1989 3 2

1990–1999 31 15

2000–2004 24 17

2005–2010 24 12

(continued)

Table 1 | continued

WHO regionsa Year Total waterb Total sanitationb

Total 82 46

High Income Countries 1979–1989 11 1

1990–1999 57 99

2000–2004 57 93

2005–2010 18 21

Total 143 214

World Total 1,062 1,066

aGrouped according to WHO regions and income category (WHO 2012).
bThe numbers of data points available for urban and rural areas are approximately the same

(or slightly higher) than for the total population and are therefore not cited separately.

doi: 10.2166/wh.2012.107supplement
REGRESSION EQUATIONS OF DIFFERENT MODELS

Random slope model

The models estimating access to improved water sources,

access to improved sanitation facilities and access to piped

water have the following structure:

logit Yij
� � ¼ β0 þ β1 spline X1ij

� �

þ
X22

k¼2
βkXkj þ μj þ uijX1ij þ εij (1)

where logit(Yij) is the estimate for access to an improved

water source, piped water or an improved sanitation facility

on the logit scale for the ith year in the jth country, β0 is the

overall mean intercept of Y across countries, β1 is the

regression coefficient for the main cubic spline-transformed

predictor time, spline (X1ij) is the cubic spline transform-

ation of time, βk are the regression coefficients for the
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regional covariates (Xkj), μj are the residuals on the country

level (group-level residuals), uijX1ij is the interaction

between country and year and εij are the residuals at the

level of the observations (individual-level residuals).

Random intercept model

The model estimating shared use of improved sanitation

facilities had a simpler structure, as fewer data were avail-

able and data were highly scattered. For shared sanitation

use, only 192 survey estimates on country level, 229 esti-

mates on rural level and 233 estimates on urban level

were available. Neither the logit nor the cubic spline trans-

formation was used for this model because, due to data

scarcity, this would have led to extreme extrapolations for

some countries. The model incorporated fixed effects for

year and region and a random intercept on country level:

Yij ¼ β0 þ β1X1ij þ
X22

k¼2
βkXkj þ μj þ εij (2)

where Yij is the estimate for shared sanitation use in the

ith year in the jth country, β0 is the overall mean intercept

of Y across countries, β1 is the regression coefficient for the

main predictor time, βk are the regression coefficients for

the regional covariatesXkj, μj are the residuals on the country

level (group-level residuals) and εij are the residuals at the

level of the observations (individual-level residuals).
Figure 1 | Water, distribution of country-level random intercept.

Figure 2 | Water, distribution of country-level random slope.
ADDITIONAL NOTE ON THE SPLINE
TRANSFORMATION OF TIME

The cubic spline transformation of time currently changes

final estimates only slightly when compared to the model

that includes time as a continuous variable. Most of the

time trends in access to improved water sources or sanitation

facilities are capturedwell by the characteristic S-shaped logit

curve. Additionally, the two models show very similar model

fit statistics (AIC). We decided to use a spline approach for

two reasons: (1) visual inspection of the final estimates of

every country revealed amore likely fit with cubic splines out-

side the periods of data availability, (2) future data for access

to water sources and sanitation facilities might show greater

‘true’ within-country variability or changes in trends (e.g.
due to climate change, economic crisis) where additional

flexibility beyond the logistic curve might be very much

needed. In other applications in environmental risk factor

exposure assessment over time where data indeed show

more variability, we have already applied the cubic spline

approach, which substantially increased the model fit.
CHECKING OF MODEL ASSUMPTIONS

We checked that random effects on country level (both

intercept and slope) and the residuals at the level of the indi-

vidual observations followed approximately normal

distributions. These plots are shown for the models for



Figure 3 | Water, distribution of individual data point residuals.

Figure 4 | Sanitation, distribution of country-level random intercept.

Figure 5 | Sanitation, distribution of country-level random slope.

Figure 6 | Sanitation, distribution of individual data point residuals.

Figure 7 | Observed versus predicted logit access to an improved water source.

Figure 8 | Observed versus predicted logit access to improved sanitation.
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Table 2 | Checking projection capacities

Water Sanitation

Deleted survey points Outside 95%CI Mean distance to best estimatea Outside 95%CI Mean distance to best estimatea

Test 1 2.5% 3.1 ppb 0 2.6 pp

Test 2 3.9% 3.1 pp 1.9% 2.7 pp

Test 3c 1.7% 2.9 pp 1.7% 2.2 pp

aCalculated as the mean of the square root of the squared differences.
bPercentage points.
cReported are mean values over 20 repetitions.
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access to improved water sources and sanitation facilities,

aggregated at total population (Figures 1–6). (We are follow-

ing the presentation of diagnostic plots from Cousens et al.

.)
MODEL EVALUATION

Model fit

Scatterplots of observed versus predicted access to improved

water or sanitation facilities revealed that the model fitted

the data very well (R2 for water 0.98, R2 for sanitation 1.0

(rounded)) (Figures 7 and 8).

Projection capacity

Projection capacity of the model was tested in three different

ways (see Table 2).

Test 1: To assess the short-term projection capacity, the

last 3 years of data (2008–2010) were deleted (80 points

deleted for water, 69 points deleted for sanitation), the

model was rerun, and data from 2008 to 2010 were com-

pared with the model’s predictions.

Test 2: The last survey point for every country with at

least two observations was deleted (154 points for water,

146 points for sanitation), the model was rerun and the

last survey point for each country was compared with the

model projections.
Test 3: Overall 20% of country years were excluded, the

model was rerun and the 20% of country years were com-

pared with the model projections. As the deleted 20% of

country years are a randomly taken sample, this process

was repeated 20 times and the mean distance over the 20

repetitions calculated.

The three tests showed that predictions and original

survey points were close, with a mean distance between

projections and survey points of about three percentage

points.
FURTHER DEVELOPMENT OF CONFIDENCE
INTERVALS

We are currently further developing the approach for

confidence estimates using a sampling approach. More infor-

mation will be made available shortly on our website, www.

who.int/quantifying_ehimpacts/en/index.html.
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