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Life tables 

 One of demography’s most influential discoveries 

 Life table is useful to examine how many survive to successive 

ages and to determine the length of life 

 Essential tool for population estimates and projections 

 Important  measure of progress 

 Indicate whether the goal of long life for all is achieved 

 Most  widely known indicator >> Life expectancy at birth (e0) 
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What is the life expectancy at birth (e0) 

Life expectancy at birth (e0) 

>> The expectation of life at exact age x, i.e. the average number 

of years lived by a person from exact age x 

 

 How to compute e0 ? 
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Measures of mortality 

Crude Death Rate (CDR) 

 

 

Usually, 

 

 

 
 

    with 

 

>> Crude rate as no reference to smaller groups which might better represent 

the population likely to experience the event 

>> Influence of age structure 
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Measures of mortality 

Source: Preston et al. (2001: 22) 
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Measures of mortality 

Age-specific death rate (ASDR) 

 

 

 

 

 ASDR measures the incidence of death at each age 

 ASDR may refer to single age or to grouped ages (e.g. 20-24, 25-29) 

 Death rate is relatively high for infants under one year declines to its 

lowest levels for children and slowly increase thereafter 
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Measures of mortality 

Infant Mortality Rate(IMR) 

 One of the best-known and widely used available measure of mortality 

in early life 

 

 

 

 Denominator is live births (not than the mid-year population as in ASDR) 

 Majority of infant deaths occurs in the first days and weeks or life 

>> Deaths not evenly distributed over the first 12 months, mid-year population 

is not a valid indicator of average size of the population at risk of infant 

mortality 
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Measures of mortality 

Under-Five Morality Rate (or ‘Child Mortality’) 

 Widely used to measure, assess and monitor the progress of 

countries 

 >> MDG-4: Reduce child mortality, Target 4.A: Reduce by two thirds, between 1990 and 

 2015, the under-five mortality rate 

 >> IGME (Interagency group for child mortality estimation) estimates available at 

 www.childmortality.org  

 Not a real rate 

 Definition 

 Under-five mortality rate is the probability per 1,000 that a newborn baby 

will die before reaching age five, if subject to age-specific mortality rates 

of the specified year 

http://www.childmortality.org/
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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 



United Nations Workshop on Evaluation and Analysis of Census Data 

Nay Pyi Taw, Myanmar, 1–12 December 2014 

The period life table – Example (Preston et al. 2001) 
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Definition of the life table functions 

Function Definition 

lx 
Number alive at exact age x, out of the original number of births 

nqx 
Probability of dying between exact ages x and x+n 

npx 
Probability of surviving from exact age x to exact age x+n 

ndx 
Number of deaths between ages x and x+n 

nLx 
Average number alive in the interval between exact ages x and 

x+n. It also denotes the number of person-years lived in the interval 

between exact ages x and x+n 

Tx Total population aged x and over, or the total number of person-

years lived from exact age x 

ex Expectation of life at exact age x, i.e. the average number of years 

lived by a person from exact age x 
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Life table – Point and interval measures 

Functions referring to 

exact age x 

Functions referring to the interval 

between exact ages x to x+n 

lx nqx 

Tx npx 

ex ndx 

nLx 

Formatting conventions 

lx, dx, Lx, and Tx >> whole number of persons 

Mx, qx, and px  >> five decimal places for rates and probabilities 

ex  >> two decimales places for life expectancy 

Source: Rowland (2001) 
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Calculating the period (abridged) life table 

1. Age-specific death rate (nMx) → 

 
2. Probability of dying between ages x and x+n (nqx) 
 >> assuming that persons dying in the interval do so, on average, half-

way through the interval 

 

 

 For open-ended  age group →   

 

3. Probability of surviving from one age to the next (npx) 
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Calculating the period (abridged) life table 

4. Number  surviving at exact ages (lx) → 
  

 

 >> At age 0, l0 = 100,000 
 

 

5. Deaths between ages x and x+n (ndx) → 
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Calculating the period (abridged) life table 

6. Average number alive between exact ages x and x+n (nLx) 

  → 
 

 For L0, → 

 For open-ended age group →   

 

7. Total population aged x and over (Tx) →  

 

 For open-ended age group → 

 Working from the bottom of the life table → 
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Calculating the period (abridged) life table 

 

7. Expectation of life from age x (ex) → 

 
 → Life expectancy at birth (e0)  



Data checks: does the life table make sense?  

 

 

 
Source: Swedish females, 1895 vs 1995, Demography, Preston et. al. 2001 
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Rectangularization of the life table, Sweden, Females 

Data Source: Human Mortality Database 
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Example – using MortPak LIFTB 

Timor Leste, 2004 Census, Men 

Data Source: NSD & UNFPA (2008), Mortality Monograph according to the 2004 census 
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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 (1968, 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) 

Age-specific shape of mortality – 

relative probabilities of dying 

at different ages 

 

Relationship between infant 

mortality (1q0) and child 

mortality (4q1) 

 

Source: United Nations (1990) 
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Model life tables (3) 

Source: United Nations (1982) 

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 (4) 

Level of mortality – each 

model has several 

different levels that 

correspond with a 

different life 

expectancies at birth (e0) 

Source: United Nations (1982) 



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 
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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 
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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) 

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: UN 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 and 

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:  

Timor-Leste, 2004 census (1) 

Age group Total women  CEB CS CS/CEB 

15 - 19 46,768 5,290 4,504 0.851 

20 - 24 37,782 39,624 35,565 0.898 

25 - 29 28,609 73,323 64,595 0.881 

30 - 34 30,057 115,856 99,662 0.860 

35 - 39 23,811 116,718 96,678 0.828 

40 - 44 23,366 126,257 98,795 0.782 

45 - 49 17,357 91,961 67,192 0.731 
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A rapid assessment of CEB/CS data:  

Timor-Leste 2004 census (2) 

 Proportion deceased for the 30-34 age group =(1–0.860)=0.140  

 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 

 2004 census ‘quick’ estimates of q(5) = 140 per 1000 for 1997 

 UN Pop Division=120 per 1000 (for 1995-2000 period) 

 IGME = 123.6 per 1000 (for 1997.5) 

 Possible overestimation of q(5) in census data? 
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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) 
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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 Bx, x+n = Births in past year to women age x to x+n 
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Brass type estimation with QFIVE 

Select type of input based on data available 
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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 Timor-Leste 2003 DHS, and the 

relationships to Coale-Demeny and UN model life tables  
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Indonesia Spain 

Change of families of Model Life Table through time 

 

 Source: Guillot et al. (2012) 
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Estimated 1q0 and 5q0 over time, Timor-Leste, 2004 census  
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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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Quality of estimates: Checking multiple sources 

0

50

100

150

200

250

300

1983 1986 1989 1992 1995 1998 2001 2004 2007 2010

2009-10 DHS - Direct

2009-10 DHS - Indirect

2004 Census - Indirect

2003 NDHS - Direct

2002 MICS - Indirect

2001 LSS - Indirect

1995 ICS - Indirect

1990 Census - Indirect

Timor-Leste 



Quality of estimates:  

Comparing age patterns of proportion of children deceased 
 

 

Data source: United Nations Demographic 

Yearbook and DHS STATcompiler 
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Quality of estimates:  

Comparison with existing external sources 

Source: 

www.childmortality.

org 

Source: www.childmortality.org 

Timor-Leste 

IGME estimates 
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Quality of estimates:  

Comparison with existing external sources 

Source: 

www.childmortality.

org 

Source: http://esa.un.org/wpp/ 

UN Population Division 
(World Population Prospects) 
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Quality of estimates:  

Implied life expectancy at birth using Model Life Tables 
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Under-five mortality in Myanmar (1968-2013) 

Source: www.childmortality.org 

After inclusion of estimates 

from the 2014 Census,  trends 

and levels will be revised 

http://www.childmortality.org/
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Under-five mortality in Myanmar (1950-2015) 
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Thank you 

 

 
Questions/comments? 
 

>> until 12 December: 
 

 

 

 

>> After 12 December:  spoorenberg@un.org 


