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Abstract
Estimation of childhood mortality (U5MR) is difficult in countries without vital registration. DHS surveys provide complete

birth histories which can be used. Mercer et al. developed a Bayesian method to smooth survey-based small area estimates of
U5MR at administrative level 1 (Admin 1) areas. However, policy and intervention are often implemented at administrative
level 2 areas (Admin 2). The finer geographic partition presents many problems in implementing this methodology. Most DHS
are geographically stratified at Admin 1, and not Admin 2, leading to smaller sample sizes in most areas and some small areas
with no observed deaths. Many earlier DHS do not have GPS information for sampled clusters. This makes it impossible to
assign those observations to Admin 2 areas, resulting in large data losses. Our work aims to address these problems.

Introduction
Under-five mortality (U5MR) is an important demographic indicator in its own right; it is also an important
indicator of overall mortality. In countries without vital registration, survey data must be used to make es-
timates of U5MR. However, the countries where childhood mortality may be high, also tend to lack vital
registration. The Demographic and Health Surveys (DHS) collect full birth histories from women aged 15-49
in 90 countries in the world. Mercer et al. (2015) develop a method to use retrospective birth histories from
women to make estimates small area estimates of U5MR which account for complex survey design, and, also,
smooth across space and time. However, we aim to extend this method to make small area estimates at a finer
partition of small areas of a country.

Data

Figure 1: Admin 1 and 2 areas in Kenya.

Survey Admin 1 GPS Admin 2 N

1989 ×
1993 ×
1998 ×
2003 X X 16060
2008 X X 17144
2014 X X X 65772

Figure 2: Sample size for KDHS 2003 in 1990-1994 in Ad-
min 1 and Admin 2 areas.

•Admin 1: 8 regions, Admin 2: 47 districts

•KDHS 2003, 2008, 2014 ⇒ 1980-1984 to
2010-2014

• Surveys with GPS cluster locations can be as-
signed to Admin 2 areas

• Stratified two-stage cluster design, sampling
weights

• Full birth histories from women 15-49

• Potential biases:

– Forget children who were born and died a
long time ago

– Birth transference

– Fail to mention child who recently died

Discrete-time Survival Analysis
Each child’s observation in the full birth histories is converted into person months, i.e. a child contributes 1-59
person months to this stage of analysis. Use design-based regression estimators to get estimates and variances
of qma the probability of death in a person month of a child in age band a ∈ {0-1mo, 1-11mo, 12-23mo,
24-35mo, 36-47mo, 48-59mo}. Note na is the number of months in age band a.

logit(qma ) = βa
q̂a = 1− (1− q̂ma )na

5̂q0 = 1−
6∏
a=1

(1− q̂a)

Observed Zeroes
Sometimes there are no observed deaths in an Admin 2 area Ai at time period t. This never happens at the
Admin 1 level. We do not trust this estimate, and it leads to unrealistically small standard errors. Every Admin
2 area lies in exactly one Admin 1 area, Ar. Let nit be the number of children in the dataset in Ai at time t,
Ai ⊂ Ar, p̃rt be a smoothed estimate of U5MR in Ar at time t. We then add another child, who we assume
died.

p̃rt = p̂its =

∑ni+1
k=1 wkyk∑ni+1
k=1 wk

We solve for w∗ni+1 and then use the Hajek estimator p̂its and its associated design-based standard error in our
smoothing model.

Note: There are 987 Admin 2, time period, survey combinations. 287 have contribute no data, 51 are imputed.

Bayesian Hierarchical Model

Notation
i: Admin 2 area
t: five-year time period
s: survey
ηits: logit(5q0its)
yits: logit(5̂q0its)
V̂DES,its: design-based variance of yits

µ: fixed intercept

αt, θi, νs, δit, νis, νts: iid random effects

γt: RW1 random effect

φi ICAR random effect

Model

yits|ηits ∼ N(ηits, V̂DES,its)

ηits = µ + αt + θi + νs + γt + φi + δit + νis + νts

Figure 3: Smoothed Admin 2 estimates by time period. Black outline are adjusted areas, hatching indicates a higher level of
uncertainty.

Figure 4: Comparison of point and interval estimates of Admin 1 areas (in blue), and the Admin 2 areas they contain (in black).

Conclusions
• Smoothed estimates at the Admin 2 area have much larger uncertainty than at the Admin 1 area.

• Can we add covariates at either modeling stage to improve precision?

– Spatial: annual average rainfall
– Individual: SES index

• Can we combine point and areal data to get more precise estimates?


