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What SAE-LM modelling is

• New methodology for decomposing a national estimate into
sub-national estimates 
PhD thesis 2016,  paper on ISR 2018

• Small Area Estimation integrated with  Latent Markov modelling

• Showcase: Population based national TB prevalence survey among
adults in Pakistan,  Aug 2010 – Dec 2011 
Pulmonary TB   Bact+            years



Why a SAE problem • National survey designed to produce a 
national estimate with controlled precision
20% max error at 95% c.l.  upon a sample 
of 133,000 adult individuals from 95 
clusters (thensils = sub-district areas) 
selected according to the RedBook
guidelines. 

• Random sample size too small for 
accurate  estimation of district-wise
prevalence, limited to 68 districts which
either intersect or include at least one
sampled cluster (thensil). Otherwise no 
sample data available

Sampled (gray) & non-sampled
districts



Direct estimates for sampled districts and their CVs (%)

Why a  SAE problem



SAE-LM basic idea

• To borrow straight from out-of-sample  
auxiliary data (model covariates) 

• Notification and Census auxiliary 
longitudinal data  shared by Pakistan NTP 
and TB Hack team                      
circa 30 covariates,   2011-2016 (2017)
96 districts – 47 sampled, 49 zero sample size

districts with complete covariates



SAE-LM Rational

• Full exploit of both cross-sectional data (2010-11 national survey) and 
longitudinal auxiliary data (2011-2016 @district level)

• True district prevalence values as latent responses, partially and indirectly
measured at 6 successive time points, i.e. a underlying Latent Process

• Distribution in space and evolution in time modelled via a (discrete, 1° order)
Markov Chain and a Hierarchical Bayes approach

• SAE–LM model
1. Sampling (Error) model 

2. Linking model



SAE-LM at work (basics)

1. ((SAE) Sampling model 

2. Measurement model

3. Latent model (Markov Chain)

Probability distribution of Direct 
estimates (input) conditioned on the 
true values of district prevalence

Probability distribution of the true values of district 
prevalence given the covariates
(measurable part of the underlying latent process)

will catch all the residual heterogeneity 
un-observed and un-explained



SAE-LM at work (basics)

• Fitting

• Selection

• Validation via several diagnostics tools

Computational Algorithm: Data Augmentation Markov Chain 
Monte Carlo (Gibbs sampler) 
60,000 MC runs,  after 30,000 burn-in period for each
combinations of (selected) subset of covariates and # of latent
states

Information Criterion based on maximum likelihood
measure of goodness of fit:  Chib’s (marginal likelihood) 
validated by BIC and AIC both in accordance



SAE-LM: Limits & Strengths

• resource consuming
adequate statistical skills, computational power and time required

• unfamiliar Bayesian approach to estimation
chosen over more familiar frequentist fixed parameter paradigm

• Posterior Probability Distribution (MCMC Gibbs)
Missing value Imputation (non-sampled districts no direct estimate in input) 
95% Credible Intervals

• model Output  
rich, easy to read,  ready-to-use & includes a predictive engine



SAE-LM Results

• District-wise TB prevalence (indirect, 
point) estimates (Distribution in space)

• Evolution in time of TB burden
Indirect estimates for each point in time

Sub-national prevalence estimates
pulmonary TB Bact+  adults



SAE-LM Results



SAE-LM Results Validation

Comparing CVs of  direct and 
indirect SAE-LM estimates for 

sampled districts

CVs of indirect SAE-LM 
district-wise estimates



SAE-LM Results Validation

The parts fit the whole

average aggregation of the 96
district-wise indirect SAE-LM estimates0.00361

national estimate  2010-11 
Pakistan TB prevalence survey 

0.00364

(Direct  - Indirect SAE-LM)
vs

sampled districts sorted
according to  the variability (SE) 

direct estimates



SAE-LM Results
• Classification of Pakistan districts into 

three classes of increasing TB burden 
(the 3 latent states of the latent model) 

• Widely though not entirely reflecting
the  previous indirect estimates sub-
national distribution:  some relevant 
determinant(s) of the district-
distribution remain(s) un-measured, not 
included into the model covariates, so 
caught by the latent model as residual 
heterogeneity



SAE-LM Results

• Initial Probabilities

• Transition Probabilities

overall average probability, for a given district,
to be classified into 

at time of national prevalence survey

for any district classified in a given class of TB 
burden (rows) will predict the chance for that 
district to change class in the future, moving 
backward (improving) or forward (worsening) 
across the matrix columns



Thank you



SAE-LM Uncertainty Intervals



SAE-LM model specification (basics)

• Main assumptions



SAE-LM model specification (basics)

• Sampling (SAE)  model

• Measurement model

• Latent model



SAE-LM model specification (basics)

• Small Area parameters

• Measurement parameters

• Latent parameters


