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Motivation

Need to quantify and communicate uncertainty of the estimates

Need for better (probabilistic) methods to estimate and reconcile
inconsistent demographic parameters

Gabriel Borges (IBGE) Consistent Population Estimates Apr 8, 2020 3 / 16



Motivation

Need to quantify and communicate uncertainty of the estimates

Need for better (probabilistic) methods to estimate and reconcile
inconsistent demographic parameters

Gabriel Borges (IBGE) Consistent Population Estimates Apr 8, 2020 3 / 16



General idea of the methods
Combine information from different data sources (uncertainty from random
variation and measurement error)

Population

I population counts (censuses)
I census coverage (PES)

Fertility

I birth counts (CRVS)
I completeness of registered births (CR studies)
I fertility estimates (censuses and surveys, e.g. P/F ratio method)

Mortality

I death counts (CRVS)
I completeness of registered deaths (CR studies; DDM)
I mortality estimates (censuses and surveys)

F Brass method for estimating child mortality
F sibling method
F orphanhood
F household deaths

Migration

I census data (residence 5-years prior to the census date)
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Modeling

Inference is done in two steps using a Bayesian probabilistic approach:

The individual pieces that make up the balancing equation (population,
mortality, fertility and migration) are estimated ⇒ premodel posterior
distributions

Inconsistent probability distributions are reconciled by using an
extension of the bayesian melding approach ⇒ postmodel posterior
distributions
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Modeling population counts

K obs
c ∼ Poisson(λc · κc)

λc ∼ Uniform(0,∞)

κc ∼ Beta(aK
c , bK

c )
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Modeling fertility and birth counts

Figure 1: Diagram of the the relationship between priors and fertility models
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Modeling fertility and birth counts - illustration
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Results - Brazil
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Figure 2: TFR: comparison between postmodel posterior with IBGE estimates, Brazil, 1990,
2000 and 2010
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Figure 3: Life expectancy at birth: comparison between postmodel posterior with IBGE
estimates, Brazil, female population, 1990, 2000 and 2010
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Results - Brazil
1990 2000 2010
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Figure 4: Population estimates by age group: comparison between the census, the premodel and
the postmodel posterior distributions, Brazil, female population, 1990, 2000 and 2010
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Results - Brazilian states
1990 2000 2010

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

1e+05

2e+05

3e+05

4e+05

5e+05

age

po
pu

la
tio

n

census premodel distribution postmodel posterior

Figure 5: Population estimates by age group: comparison between the census, the premodel and
the postmodel posterior distributions, Rio Grande do Sul, female population, 1990, 2000 and
2010
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Figure 6: Population estimates by age group: comparison between the census, the premodel and
the postmodel posterior distributions, Rio de Janeiro, female population, 1990, 2000 and 2010
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Results - Brazilian states
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Figure 7: Net migration rates estimates by age group: Comparison between the premodel and
postmodel posterior distributions, Rio de Janeiro, female population, 1990, 2000 and 2010
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Lessons learned

It is useful to work with observed counts, when available

It is desirable to use the knowledge about the structure of demographic
rates by age when conducting the reconciliation

It is hard to conduct reconciliation without a direct census evaluation
(PES)

I it would be useful to have models for census coverage/quality age
pattern

Importance of sensitive analysis of demographic methods

I assess and adjust for biases
I calculate variance of estimates
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