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Goals
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1. Demonstrate ilt, a software to estimate single-
state intercensal life tables and residual migration

2. Introduce ownchild, to estimate fertility patterns 
and trends in the last 15 years 

3. Illustrate leslie, a program for cohort-
component and multistate projections
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Input
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Output
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Inputs

1. Cumulative survival probabilities for children from 0 to 15 years;

2. Cumulative survival probabilities for women from 15 to 65 years;

3. A data extract from IPUMS containing at least the following 
variables: 

• country, year, serial, pernum, 

• momloc, stepmom, 

• age, sex 

• (perwt, race etc.)

9



Output
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Output
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Validation

12



13

3.



14



Why Matrix Models in Demography?

Dr. Patrick Holt Leslie (1900-1972)
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Projection Inputs
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1. Population distribution by age

Ideally from a census (e.g. IPUMS, Human Mortality Database, World Bank, 
United Nations, National Statistical Agencies), already correct for coverage 
and underreporting

2. Person-years from estimated life table

Human mortality database, UN World Population Prospects, or estimated 
using alternative methods (indirect or iterative)

3. Age-specific fertility rates

From the Human Fertility Database , or estimated using alternative 
methods (Brass’ P/F, Own-children method)

4. Optionally: Net migration rates

Residually calculated using alternative methods (using previous population 
distributions or ilt, Muniz 2023). The United Nations also has total 
estimates for the net number of migrants and crude net migration rate

 

https://www.mortality.org/Home/Index
https://population.un.org/wpp/downloads?folder=Probabilistic%20Projections&group=Population
https://www.humanfertility.org/
https://population.un.org/wpp/downloads?folder=Probabilistic%20Projections&group=Migration


How a Leslie Matrix Works
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M

M*p1993 = p1998

M*p1998 = p2003

…             …

M*pt+n-5 = pt+n

Future Swedish female populations are projected as:



Example outputs from leslie
One-Sex Model (female dominant)
Without and with migration
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Sem migração Com migração (líquida)
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.leslie, p(10) mig1(sweden_1988_female.dta) s gropt(sch(plotplain))



Example outputs from leslie
Two-Sex Model 
Simultaneous projections for both sexes without 
migration
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. use sweden_1993_bothsexes

. leslie, p(10) two stable summary gropt(sch(plotplain))

Female                 Male
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Example outputs from leslie
Two-Sex Model 
Simultaneous projections for both sexes with variable 
fertility and mortality schedules
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. leslie, p(8) two base(1993) place(Sweden) surv(. .) gr(sch(plotplain))



Example outputs from leslie
Two-Sex Model 
Simultaneous projections for both sexes with net 
migration
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. use sweden_1993_bothsexes

. leslie, p(10) two  gropt(sch(plotplain))
. leslie, p(10) two stable gropt(sch(plotplain))  

mig1(sweden_1988_bothsexes.dta) mig2



Example outputs from leslie
Multistate projections
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. leslie, period(10) multistate 

gropt(sch(plotplain))

. leslie, period(10) multistate 

gropt(sch(plotplain)) nomobility

WHITES: 72.17 millions in 50 years
BROWNS: 103.44 millions
BLACKS: 15.54 millions 

WHITES: 75.78 millions in 50 years
BROWNS: 99.85 million
BLACKS: 15.4 million 
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. leslie, period(10) summary multistate
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. leslie, period(10) summary multistate

Life expectancies at birth by state: sojourn time in 

state j (in columns) given occupancy of state i (in rows)



Software Capabilities Summary
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1. Use leslie to achieve efficiency, agility, and reliability in 
producing projections. The program has the advantage of 
integrating, while at the same time maintaining the independence 
of demographic components.

2. Use leslie to investigate counterfactual scenarios of fertility and 
survival variation, with and without migration, and with or without 
interstate migration.

3. Use leslie to calculate equivalent stable populations and key 
demographic indicators (TFR, e₀, NRR, momentum, mean ages, 
intrinsic rates, dependency ratio etc.).



THANK 
YOU!!
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Five key references:
Leslie, P. H. 1945. On the use of matrices in certain population 

mathematics. Biometrika 33(3): 183-212.

Rogers, A. 1968. Matrix analysis of interregional population growth and 
distribution. 1st ed. Berkeley and Los Angeles, California: University of 
California Press.

Rogers, A. 1995. Multiregional demography: principles, methods and 
extensions. England: John Wiley and Sons Ltd.

Muniz, J. 2020. Multistate life tables using Stata. The Stata Journal 20(3): 
721-745.

Muniz, J. 2023. Iterative intercensal single-decrement life tables using 
Stata. The Stata Journal 23: 813-834.
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