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Introduction

• Dynamic multistate population models
– provide a general and flexible platform for p g p

modelling and analysing population change 
over time

– allow the combination of all the main 
components of population change by age and 
sex with various transitions that population 
groups may experience throughout their life 
course 



Introduction

• These transitions may include those 
between states of residencesbetween states of residences, 
employment, marriage or health
Th lti t t h• The multistate approach
– avoids potential inconsistencies arising from g

inappropriately defined rates
• e.g., the in-migration rate or the net migration rateg g g

– allows one to follow individuals or groups 
across several changes in their statesacross several changes in their states



Matrix model – with two states
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Matrix model – with two states

Numerical example
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Matrix model – with two states
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Matrix models

• Facilitates, for the stable population, 
calculation of
– the growth rate

the population distribution across the states– the population distribution across the states
using matrix algebra
– first eigenvalue and eigenvector of G
– for numerical example r = 5% and p1/p2 = 2.5for numerical example r  5% and p1/p2  2.5



Matrix model – with age
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Matrix model with three statesMatrix model – with three states
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Matrix model with three statesMatrix model – with three states
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Modelling unknown population ode g u o popu at o
dynamics

• There is very little demographic data on 
the second generation populationthe second generation population
– We only have some information on the stocks 

from the General Household Surveyfrom the General Household Survey
– We have nothing on births, deaths, 

i i ti i ti ( l ti bimmigration or emigration (only native-born 
and foreign-born)

• First, assume that birth and death rates for second 
generation are the same as native-born



Modelling unknown population ode g u o popu at o
dynamics

• Disaggregate immigration into native-born 
and second generation with 93.0=αand second generation with
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Including uncertainty

• Is important for understanding the implications of 
the quality of the data and our assumptions

• There are many ways to include uncertainty
– Data uncertainty: allow alpha (in the second y p (

generation projection model) to follow a beta 
distribution 

– Model uncertainty: Bayesian models allow the 
estimation of parameters based on historical time 
series and expert judgementsseries and expert judgements



Projections by nativity with uncertainty added to migration
( )7,93~ Beα ( )7,93Beα



ExtensionsExtensions

• Include age, sex and multiple states
• Allow parameters to vary over time• Allow parameters to vary over time
• Resulting models will have many 

parameters (b’s, d’s, o’s, α’s, etc.) whose 
values are not known exactlyvalues are not known exactly

• Need to build models for them
– e.g., for age schedules for fertility, migration 

and mortality



ConclusionsConclusions

• Interested in the modelling of multistate 
populations in the context of incompletepopulations in the context of incomplete 
data and uncertainty
W h di i th di ti f B i• We are heading in the direction of Bayesian 
population projections, which allows us to 
quantify data and model uncertainty and 
incorporate expert judgementsincorporate expert judgements


