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1. Life tables

a) Constructing empirical life tables

b) Model life tables

2. Survival of children ever born (Brass type 
estimates)

a) Information required

b) Checking data quality

c) Data evaluation using MortPak

d) Assumptions, violations, and assessing quality 
of estimates

Outline



Life tables



United Nations Workshop on Revision 3 of Principles and Recommendations for Population and Housing Census and Census Evaluation
Amman, Jordan

19–23 October 2014

Life tables

� Contain several functions that represent the effects of 
mortality on a population

� Life expectancy, age-specific mortality rates, probability 
of dying by age x 

� Cohort life tables trace the experience of a single 
birth cohort (e.g. all those born in 1950)

� Have to wait for entire cohort to die to have full data

� Period life tables use a synthetic cohort to 
represent prevailing mortality conditions at 
present time

� As if a cohort lived whole life under current mortality 
conditions
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The period life table – Example (Preston et al. 2001)



Calculating the period life table

nMx = age-specific period mortality rate

nqx = probability of dying within next n
years for those who reach age x

lx = number of people from the original 
cohort who live to their xth birthday

nLx = number of person-years lived 

between exact ages x and x+n

ex = life expectancy at age x = (average 
number of years that people have left 

to live when they are at age x)

# deaths among those aged x to x+n
mid-period population aged x to x+n

Survivors at age x+n = 
survivors at age x  * (1 –nqx)

Sum of all nLx from age x to 
maximum age ÷ lx



Data checks: does the life table make sense? 

Source: Swedish females, 1895 vs 1995, Demography, Preston et. al. 2001
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Example, Sudan, 1993 Census, Men - using MortPak LIFTB

Data source: 1993 Census Report, Table B5 and D3.
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� Represent expected age patterns of mortality

� Created to estimate demographic parameters for countries 
with limited data

� Built on empirical studies of age-specific mortality patterns in 
the past

� Two groups of model life tables:

� Coale-Demeny (1983): based on European populations
� North, South, East and West European models

� West only model based on some non-European life tables

� United Nations (1982): based on developing countries 
� Latin American, Chilean, South Asian, Far Eastern, General

Model life tables
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Model life tables (2)

1. Age-specific shape of 
mortality – relative 
probabilities of dying 
at different ages

Source: Step by step guide to the estimation of child 

mortality, 1990, United Nations



United Nations Workshop on Revision 3 of Principles and Recommendations for Population and Housing Census and Census Evaluation
Amman, Jordan

19–23 October 2014

Model life tables (3)

Source: United Nations (1982), Model Life 

tables for Developing Countries.

1. Age-specific shape of 
mortality – relative 
probabilities of dying at 
different ages

Deviation of UN Model Life 
Tables from Coale-Demeny
Model West, Females
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Model life tables (3)

2. Level of mortality 
– each model has 
several different 
levels that 
correspond with 
a different life 
expectancies at 
birth (e0)

Source: United Nations (1982), Model 

Life tables for Developing Countries.



Survival of children ever born

Indirect estimation of child mortality
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Mortality estimates from population censuses: Introduction

� A group of questions can be used to obtain mortality 
data in a census

� Two distinctions:

a) Level and trend of mortality vs age pattern of mortality

• Survival of children ever born: level and trend of mortality
• Household deaths:  age pattern of mortality

b) Deaths of younger persons vs. deaths of adults

• Younger persons: survival of children ever born
• Adults: household deaths

� All approaches are to supplement death registration 
data, not to replace it.
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� Have been used for the past 50 years to collect data 
on infant and child mortality

� For every woman the following information is collected:

a) the total number of female children she has had in her 
lifetime.

b) the total number of male children she has had in her lifetime.

c) the number of female children who are surviving

d) the number of male children who are surviving

Quick review - children ever born data



United Nations Workshop on Revision 3 of Principles and Recommendations for Population and Housing Census and Census Evaluation
Amman, Jordan

19–23 October 2014

Survival of children ever born

� Ever born – Surviving = Children deceased

� Children deceased / Ever born = Proportion deceased

� Life table measures of infant, child and young adult 
mortality may be derived from the proportion of 
deceased

� In combination with data on age of mother 
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� Provide indirect estimation of level and trend of 
mortality for about 20 years prior to a census or 
survey

� Data required:

� Number of women by 

� 5 year age group or;

� Duration of marriage (5 year groups)

� Total number of children born alive to women in 
corresponding 5-year groups

� Total number of children still alive (or deceased) at 
time of census by corresponding 5-year groups

Brass type estimates



Brass type estimates (2)

Age group of 
mother in 
years Age group index

Proportion of children 
dead approximates

15-19 1 q(1)

20-24 2 q(2)

25-29 3 q(3)

30-34 4 q(5)

35-39 5 q(10)

40-44 6 q(15)

45-49 7 q(20)

50-54 8 q(25)

55-59 9 q(30)



Brass type estimation – data checks

Women in the age group should include all women, not 
only those who respond to CEB/CS questions

>>Important to check in contexts where inappropriate to 
ask unmarried women about childbearing

Source: United Nations (1990), Step by step guide to the estimation of child mortality

Note small 
number of 
women in 0-
14 age group 
– unmarried 
were not 
included
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Brass type estimation – data checks (2)

� Experience has shown that it is possible to get 
high quality responses to summary birth histories 
in any data collection exercise, including censuses
> If both CEB and CS are understated, some cancellation of 
errors will occur

> But in practice, reporting of CS is more likely to be 
complete than reporting of CEB => calculated proportions 
of deceased children are likely to be too low

�Make sure trends in children ever born/surviving/ 
deceased are consistent

� Check for missing data and/or editing 
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Brass type estimation – data checks (3)

Source: Dorrington & Moultrie (2001).

Example: missing or implausible values of CEB and CS data 

80.3 per 
cent need to 
be edited



Brass type estimation – data checks (4)

Source: Tabulated using data from United Nations Demographic Yearbook

Turkey, 2000

Age group of 
women Total women Total CEB

Average 
CEB Total CS

Average 
children 
deceased 
(CD)

Proportion 
deceased 

(CEB-CS)/CEB

15 - 19 3518257 294628 0.08 281296 0.003789 0.045

20 - 24 3263432 2078364 0.64 1991445 0.026634 0.042

25 - 29 2918825 4522719 1.55 4312404 0.072055 0.047

30 - 34 2457285 5700038 2.32 5395143 0.124078 0.053

35 - 39 2400808 7036619 2.93 6563946 0.196881 0.067

40 - 44 1985225 6707033 3.38 6131544 0.289886 0.086

45 - 49 1658012 6394157 3.86 5722904 0.404854 0.105

Unless fertility has been 
rising, average CEB 
should increase with 
age group

Unless fertility or 
child mortality are 
increasing, average 
CD should increase 
with age group

Average CEB should 
be realistic given 
country TFR and 
typical ages at 
childbearing
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Brass type estimation – data checks (5)

� Check sex ratio at birth implied by the CEB data for 
different mother age groups if gender is disaggregated 
(from age & sex structure)

� Is it plausible? 

� Can help to identify underreporting of female births

� Is proportion of children surviving/deceased plausible?

� Compare with other sources on child mortality



A rapid assessment of CEB/CS data: 
Sudan, 1993 census (1)

Age group CEB CS CS/CEB

15 - 19 144,200 124,924 0.866

20 - 24 835,617 727,299 0.870

25 - 29 2,178,788 1,892,963 0.869

30 - 34 2,267,707 1,953,583 0.861

35 - 39 3,335,146 2,841,547 0.852

40 - 44 2,399,753 2,003,693 0.835

45 - 49 2,249,857 1,857,531 0.826
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A rapid assessment of CEB/CS data: 
Sudan, 1993 census (2)

� Proportion deceased for the 30-34 age group = 

(1–0.861)=0.139 
� Proportion of children deceased born to mothers of 30-34 
years of age approximates q(5), the proportion of 
children born who die before their 5th birthday, about 7 
years before data collection

� Compare with other estimates, e.g. UN Population 
Division estimates of under-5 mortality
� 1993 census ‘quick’ estimates of under-5 child mortality= 

139 per 1000 for 1986

� UN Pop Division=137 per 1000 (for 1985-1990 period)

� IGME = 134.6 per 1000 (for 1986.5)
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UN Population Division: World Population Prospects

http://esa.un.org/wpp/Excel-Data/mortality.htm
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IGME: Child mortality estimates

http://www.childmortality.org
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IGME: Child mortality estimates (www.childmortality.org)

1993 Census, 

Indirect
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Brass type estimation with MortPak QFIVE

� Calculate the sex ratio at birth

� If not available, can use standard 1.05

� Calculate the mean age of childbearing (only for UN 
model life tables)

where B
x, x+n

= Births in past year to women age x to x+n
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Brass type estimation with QFIVE in MORTPAK
Sudan – 1993 Census

Select type of input based on data available



United Nations Workshop on Revision 3 of Principles and Recommendations for Population and Housing Census and Census Evaluation
Amman, Jordan

19–23 October 2014

Brass output with QFIVE in MORTPAK

Click on “Show document output” button to get this layout

Indicators:
� q(0)
� q(1, 4)
� q(5)
� e(0)

9 Models:
5 United Nations; 4 Coale-Demeny
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How to identify the right model life table (1)

Source: United Nations (1990)

Relationship between mortality risk during the first year 
of life and between ages 1 - 4

Coale-Demeny Models United Nations Models
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How to identify the right model life table (2)

Source: United Nations (1990)

Comparison of q(1) & q(1,4) estimates with Coale-Demeny models
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How to identify the right model life table (3)
Direct estimates of q(0) and q(1,4) from Sudan 1990 DHS and 1993 Census, and 

the relationships to Coale-Demeny and UN model life tables
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Estimated under five and under one mortality over time, 
Sudan 1993 Census (CD North)
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Brass: relationship of mother’s age and timing of 
the under-5 mortality estimates

Source: United Nations (1990)

Bangladesh, 1974 Retrospective Survey of Fertility and Mortality
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Brass: Assumptions, violations (1)

1. In any time period, mortality of children does not 
vary by five-year grouping of mothers

� This assumption is usually violated for the mother age 
group 15 – 19, and to a lesser extent for the age 
group 20 – 24, because children of young mothers are 
known to have higher risk of mortality 

� Why? 
� First births have higher mortality risk than higher-order 
births and children of younger mothers are more likely to 
be first births

� Youngest mothers tend to be socio-economically 
disadvantaged

Source: Moultrie et al. (2013)
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Brass: Assumptions, violations (2)

2. No correlation exists between mortality risks of 
children and survival of mothers in the population
� This is a problem when certain mothers are not 

captured in the data (because of mortality or 
migration) whose children might also have higher 
mortality risk

� Most common case is countries with high HIV 
prevalence – results in downward bias in estimates
� Younger mother age groups (20-24, 25-29) less likely to 

be biased  

� See for adjustment techniques: 
http://demographicestimation.iussp.org/content/effects-hiv-methods-
child-mortality-estimation

Source: Moultrie et al. (2013)
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Brass: Assumptions, violations (3)

3. Population age patterns of fertility and child 
mortality are adequately represented by the model 
patterns used in developing the method

4. Any changes in child mortality in the recent past 
have been gradual and unidirectional

5. Cross-sectional average numbers of children ever 
born by age adequately reflect cohort patterns of 
childbearing

� Note that when fertility has been changing (falling) rapidly, the 
Brass method will tend to over-estimate child mortality 

� Variants of the technique grouping mothers by duration of 
marriage or time since first birth have been developed to 
address some of these issues

Source: Moultrie et al. (2013)
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Brass: q(5) more robust to model life table choice than q(1)

Source: United Nations (1990)
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Quality of estimates: Checking multiple sources
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Quality of estimates: 
Comparing age patterns of proportion of children deceased

Source: 
www.childmortality.
org
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Quality of estimates: 
Comparison with existing external sources

Source: 
www.childmortality.
org

Source: www.childmortality.org

IGME estimates

SUDAN
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Quality of estimates: 
Implied life expectancy at birth using Model Life Tables

30

35

40

45

50

55

60

1980 1982 1984 1986 1988 1990 1992 1994

Li
fe

 e
xp

ec
ta

nc
y 

at
 b

irt
h 

(y
ea

r)

Implied e0 (CD North)

Direct, birth last year



United Nations Workshop on Revision 3 of Principles and Recommendations for Population and Housing Census and Census Evaluation
Amman, Jordan

19–23 October 2014

References

Feeney, G. (2009), Rapid Assessment of Census Data on Children Born and Surviving, available online at: 
http://demographer.com/2009-blog/rapid-assessment-of-ceb-and-cs-data/

Moultrie, T. et al. (2013), Tools for Demographic Estimation, Paris: IUSSP, available online at: 
http://demographicestimation.iussp.org/

United Nations (1982), Model Life Tables for Developing Countries, New York: United Nations, available online 
at: http://www.un.org/esa/population/publications/Model_Life_Tables/Model_Life_Tables.htm

United Nations (1983), Manual X: Indirect Techniques for Demographic Estimation, New York: United Nations, 
available online at: http://www.un.org/esa/population/publications/Manual_X/Manual_X.htm

United Nations (1990), Step-by-step Guide to the Estimation of Child Mortality, New York: United Nations, 
available online at: http://www.un.org/esa/population/techcoop/DemEst/stepguide_childmort/stepguide_childmort.html

United Nations Population Division (2012) Updated UN Model Life Tables, New York: United Nations, available 
online at: http://esa.un.org/unpd/wpp/Model-Life-Tables/download-page.html

United Nations Population Division (2013) World Population Prospects: The 2012 Revision, New York: United 
Nations, available online at: http://esa.un.org/wpp/


