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INTRODUCTION 
 
 
 The level of mortality in a society is a 
fundamental indicator of health and development. 
The ageing of populations in both developed and 
developing countries, with the associated increasing 
share of mortality that occurs in adulthood, has 
accentuated the need to obtain better estimates of 
mortality at adult ages. In developed countries, adult 
mortality can be measured using data from civil 
registration systems and population estimates 
derived from censuses or population registers. In 
most developing countries, however, the estimation 
of adult mortality is seriously constrained by the 
absence of reliable, continuous, and complete data 
registration systems.   
  
 This manual brings together existing methods 
for adult mortality estimation in situations where 
reliable and complete data registration systems are 
not available. The manual explains the concepts 
behind each method, details the steps required for 
application, and discusses issues of analysis and 
interpretation. 
 
 The methods discussed in this volume are 
indirect methods, and they do not provide the same 
degree of accuracy as direct methods, which use 
complete registration statistics.  However, each of 
the methods presented involves a standard series of 
calculations that will, in the best of circumstances, 
produce useful estimates of adult mortality.  Unlike 
methods based on reliable civil registration data, 
however, the accuracy of the estimates produced by 
the methods discussed herein cannot be taken for 
granted, but must be established in each application. 
 This validation requires knowledge and judgement 
that go well beyond the mechanical application of 
the equations that underpin each method and require 
a good understanding of the assumptions on which 
each method is based.  A key strategy, in this regard, 
is to derive estimates from all data available for each 
particular case, to compare them, and to use the 
comparisons to make judgements on the accuracy of 
the different data sources and the validity of the 
assumptions underlying the various methods. 
 

A.  OVERVIEW OF CONTENTS 
 
 Following a brief overview of mortality 
measurement in sections C and D of this 
Introduction, the manual is organised according to 
the data required for the application of the methods 

described. Chapter I discusses census survival methods 
which require, as input, age distributions derived from at 
least two consecutive censuses.  Because nearly every 
country in the world has taken at least two population 
censuses, these methods are very widely applicable.  
Census survival methods yield fairly accurate results 
when the census data used are accurate in terms of both 
coverage and age reporting.  However, the results are 
sensitive to certain kinds of data errors, and they are not 
applicable to populations that experience substantial 
migration. 
 

In many countries data on the age distribution of the 
population from two or more consecutive censuses can 
be supplemented by data on the number of intercensal 
deaths by age and sex.  These data may be derived from 
a civil registration system, even when the latter does not 
achieve complete coverage of events, or they may be 
obtained from field inquiries (censuses or surveys) using 
questions on the number and demographic 
characteristics of deaths occurring in each household 
over a given period.  By combining age distributions 
obtained from censuses with data on intercensal deaths, 
it is possible to estimate the degree of under-reporting of 
deaths and, consequently, the number of deaths that 
were not reported.  The reported number of deaths may 
then be adjusted and used to estimate a life-table.  
Estimates derived in this way are the subject of chapters 
II and III.  The applicability of the methods described in 
those chapters, just as that of methods based solely on 
the estimation of intercensal survival, is limited to 
populations in which migration is negligible. 

 
Chapters IV and V discuss the application of 

methods based on responses to retrospective questions 
on the survival status of specified relatives.  Unlike the 
methods presented in Chapters II and III, the methods 
using information on the survival of a particular relative 
often do not require that the population be closed to 
migration.  In Chapter IV, the focus is on methods based 
on responses to questions on parental survival and in 
Chapter V, methods that estimate adult mortality from 
information on the number of surviving siblings are 
discussed. 
 
 If the data used were always free from error, and if 
the assumptions on which the methods are based always 
held in practice, estimates derived using different 
approaches would coincide.  Data are, however, 
frequently subject to different types of error and the 
assumptions on which the various methods are based are 
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rarely perfectly met.  As a result, the application of 
different methods to available data typically results 
in a range of estimates.  To arrive at useful 
assessments of adult mortality it is necessary to 
interpret these estimates in light of other pertinent 
information, including typical errors in the data used, 
the behaviour of particular methods in other 
applications, and the demographic situation of the 
population. 
 
 Three annexes to this manual review tools and 
practical issues in mortality estimation.  Annex 1 
discusses practical considerations in data handling 
and processing.  The annex is intended for those who 
need guidance on how to assess data quality and 
how to avoid common computational errors. Annex 
II provides an overview of the use of model life 
tables.  The annex does not focus on the construction 
of model life tables but rather on the utility of these 
tables in adult mortality estimation.  Annex III deals 
with line-fitting.   

 
B.  SCOPE AND LIMITATIONS 

 
 This manual is intended for users who have 
some basic knowledge of demography and 
demographic estimation.  It assumes a fairly good 
grasp of the life table and the interrelations among 
its functions.  However, the next two sections review 
basic mortality measurement and three annexes are 
provided as a reference for the user who needs to 
review these materials.  Readers who require more 
detailed revision of basic demographic concepts may 
need to consult a standard demography text. 
Emphasis is placed in the presentation on how 
specific methods are applied and detailed 
applications are provided using data from Japan and 
Zimbabwe. Annotated tables demonstrate the 
detailed steps involved in each application. 
 

C. OVERVIEW OF BASIC 
MORTALITY MEASUREMENT 

  
 Two broad types of demographic statistics are 
used to measure mortality.  The most common is the 
crude death rate, which is calculated by dividing the 
number of deaths that occur in a population during a 
given year or period by the average number of 
person-years lived by the population during that 
period. 
 

The crude death rate is “crude” because it does 
not take account of the age distribution of the 
population.  Age is fundamental to the study of 

mortality because the risk of death is very different at 
different ages.  It is therefore important to control for 
age differences between populations, or for changing 
age distribution in a population over time, by computing 
“age-specific” death rates.  These are defined in the 
same way as crude death rates, as number of deaths 
divided by the average number of person-years lived by 
the population over a particular period, except that 
deaths and population are restricted to a particular age 
group. 

 
D. LIFE-TABLE STATISTICS 

 
 Age-specific death rates for males and females 
provide the essential information needed to study 
mortality risks.  For many reasons, however, it is useful 
to transform them into life-table statistics, such as the 
expectation of life at different ages or the probability of 
survival over a particular age interval.  A life-table is a 
more or less standard collection of statistics describing 
the age pattern of mortality in a population.  Life-table 
statistics are the second broad type of statistics used to 
measure mortality. 
 

Life-tables are of two types.  Cohort or generation 
life-tables record the mortality experience of the group 
of persons born during a given year or other period.  
Period life-tables are synthetic constructs that show 
what the mortality experience of a hypothetical group of 
persons would be if they experienced the death rates 
observed in a population during a given year or other 
period. 

 
Cohort life-tables have the advantage of conceptual 

simplicity, but the disadvantage of requiring data for, 
and referring to mortality risks over a very long time 
span.  Since the upper limit of human life is about 100 
years, a cohort life-table can be constructed only for 
groups of persons born at least one hundred years ago.  
Even when such life-tables can be constructed--and this 
is not possible for many countries of the world, 
including many developed countriesthey represent an 
amalgam of the mortality experience over a very long 
period. 

 
Period life-tables are conceptually more complex, 

but have the advantage of providing mortality measures 
localised in time.  This makes it possible, for example, 
to talk about the change in expectation of life at birth 
from one year to the next.  Most life-tables available for 
human populations are, in fact, period life-tables.  
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It is also possible to distinguish between period 
and cohort statistics in a more general way because 
life-table measures can be constructed on the basis 
of cohort experience over just a portion of the human 
life span.  This manual, in particular, deals only with 
life-table measures for ages above age 5.  Then, from 

an expanded perspective, period mortality statistics are 
those calculated on the basis of deaths observed during a 
given period and cohort statistics are those calculated on 
the basis of all deaths occurring to a particular group of 
persons followed over time. 
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I.   CENSUS SURVIVAL METHOD 
 

 Census survival methods are the oldest and most 
widely applicable methods of estimating adult 
mortality. These methods assume that mortality levels 
can be estimated from the survival ratios for each age 
cohort over an intercensal period. Under optimal 
conditions, census survival methods provide excellent 
results.  They are, however, applicable only to 
populations that experience negligible migration.  They 
are also sensitive to age distribution errors and, in 
some cases, they give extremely poor results.  Age 
reporting errors, in particular, can result in large 
variations in calculated survival ratios and inconsistent 
estimates of mortality.  Census survival methods can 
also be seriously biased by relative differences in the 
completeness of censuses.  It is therefore important to 
assess the input data carefully and to evaluate the 
results in whatever ways existing data sources allow. 
 

A. DATA REQUIRED AND ASSUMPTIONS 
 
 Census survival methods require two age 
distributions for a population at two points in time. 
While variations for use with other age groups are 
possible, five-year age groups are nearly  always  the  
norm.   It is desirable for the five-year age groups to 
extend into very old ages, with an open-ended group 
of 85+ or higher, although older age groups may be 
collapsed to reduce the effects of age exaggeration. 
 
 It is necessary to know the reference dates of the 
censuses producing the age distributions used. 
Reference dates often change from one census to the 
next and obtaining the correct length of the intercensal 
interval is critical. 
 
 Since census survival methods should be used only 
for populations in which migration is negligible, they 
can only be applied to national populations or to 
subpopulations whose characteristics do not change 
over time. In particular, census survival methods are 
generally not suitable for generating estimates of 
mortality for rural and urban areas, or for 
geographically defined subpopulations. 
 

B. CENSUSES FIVE YEARS APART  
 
 This section considers the derivation of adult 
mortality estimates in a simple case of  two censuses  

taken exactly five years apart. The objective is to 
derive the expectation of life at specific ages through 
adulthood. 
 
 Assume that people aged 0-4 at the first census are 
concentrated at the mid-point of the age group, i.e., 
that they are all aged 2.5 years exactly.  They will then 
be 7.5 years exactly at the second census.  Dividing 
the number of persons aged 5-9 at the second census 
by the number aged 0-4 at the first census therefore 
gives an estimate of the life-table conditional survival 
probability from age 2.5 years to 7.5 years, which is 
denoted by l7.5 /l2.5.  Similar quotients for subsequent age 
groups estimate the conditional survival probabilities 
l12.5/l7.5, l17.5/l12.5, and so on.  In general, the life-table 
probability of surviving from the mid-point of one age 
group to the next is approximated by the census-
survival ratio.  That is, 
 
 lx+2.5/l x-2.5 = P2(x,5)/P1(x-5,5) 

 

for x = 5, 10, 15..., where P1(x-5,5) is the population 
aged x-5 to x in the first census and P2(x,5) is the 
population aged x to x+5 in the second census. 
 
 Cumulative multiplication of these probabilities 
gives the conditional survival schedule lx/l2.5. Thus, l2.5 

/l2.5 = 1 and 
 
 lx+5 /l2.5 = (lx+5 /lx)(lx/l2.5)(1) 
 
for x = 2.5, 7.5, .... Interpolation is required to 
convert the non-standard ages, 2.5, 7.5 … to ages x = 
5, 10, .... Linear interpolation, for the conditional lx 
values using the formula: 
 
 lx/l2.5 = 0.5(lx-2.5 /l2.5 + lx+2.5 /l2.5) (2) 
 
for x = 5, 10, ... will usually suffice. However more 
elaborate interpolation methods can be applied, if 
warranted. 
 
 From the conditional lx values given by formula (2) 
the conditional estimates of the number of person 
years lived in each age group (5Lx) can be calculated 
using 
 
 5Lx/l2.5 = 2.5(lx/l2.5 + lx+5/l2.5), (3) 
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and then, given a value of Tx/l2.5 for some initial old age 
x, conditional Tx values can be calculated as:  
 
 Tx-5/l2.5 = Tx/l2.5 + 5Lx-5/l2.5 , (4) 
 
The final result, the expectation of life at age x, is then 
computed as 
 
 ex = (Tx/l2.5)/( lx/l2.5),  (5) 
 
where the l2.5 values cancel out on division. 
 
 Census survival estimation, in this case, is a direct 
application of basic life-table concepts but for one 
detail: obtaining an initial value of the person years 
lived above age x (Tx) for some old age x.  If the age 
distributions provide sufficient detail and age-reporting 
is accurate, Tx may simply be taken to be equal to zero 
for some very old age; x=100, for example.  In 
contexts where there is severe age exaggeration at 
very old ages, however, this approach can result in 
major distortion of the mortality estimates.  Special 
procedures for dealing with this problem, with an 
application to data for Zimbabwe, are discussed in 
section H.  
 

C. FIVE-YEAR INTERCENSAL INTERVAL METHOD 

APPLICATION: JAPAN, FEMALES, 1965-1970 
 
 To illustrate the application of the five-year 
intercensal survival method, the procedures discussed 
in the previous section have been applied to data on 
females enumerated in the 1965 and 1970 censuses of 
Japan.  Japan has conducted a series of censuses at 
five-year intervals from 1920 through 1995, 
interrupted only during the 1940s.  All censuses have a 
reference date of October 1 so adjustment of the 
intercensal period is not necessary.  
 
 Table I.1 shows the results of the application. The 
calculations are based on the equations presented in 
section B. Further details of the procedure are 
provided in the notes to the table. 
 
 The estimated expectations of life (ex) for 
x=5,10,...75  are given in column 11. These estimates 
from the application of the intercensal survival method 
are compared with values for ex from life-tables 
derived from registered deaths (column 12).  Since the 
quality of age-reporting in Japan is very high, the 
results of applying the five-year intercensal survival 

method are comparable to life-table estimates obtained 
from deaths registered through a civil registration 
system. The median deviation of the results from 
estimates derived from the civil registration data is 0.4 
per cent (column 13).  More precise estimates are 
unlikely in other applications of the census survival 
method and, even for Japan, results for males or for 
other intercensal periods are less accurate. 
 

D. CENSUSES t YEARS APART  
 
 The calculations of the preceding section may be 
adapted, with modest effort, for use with censuses 10 
years apart.  However, they do not readily extend to 
other intercensal intervals.  Preston and Bennett 
(1983) have developed a different approach that 
works with any intercensal interval, although very 
short or very long intervals are likely to give poor 
results.  This section presents a formulation that is 
similar to the Preston-Bennett method, but is simpler.  
 
 To apply this method - the synthetic survival ratio 
method�it is necessary to first calculate the 
intercensal rate of growth of each age group from the 
age distributions produced by two consecutive 
censuses as follows: 
 
 r(x,5) = ln[P2(x,5)/P1(x,5)]/t, (6) 
 
where r(x,5) denotes the growth rate for the x to x+5 
age group, P1(x,5) and P2(x,5) denote, respectively, 
the  numbers of persons aged x to x+5 at the first and 
second censuses, and t denotes the length of the 
intercensal interval.  Next, calculate the average annual 
number of person-years lived by persons in the x to 
x+5 age group, N(x,5), during the intercensal period 
using 
 
 N(x,5) = [P2(x,5) – P1(x,5)]/[tr(x,5)] (7) 
 
 This number is an approximation of the number of 
persons aged x to x+5 at the midpoint of the 
intercensal period. 
 
The synthetic survival ratios 
 
     N(x+5,5)exp{2.5r(x+5,5)} (8) 
   N(x,5)exp{-2.5r(x,5)} 
 
can be calculated where the numerator here may be 
thought of as an interpolated number of persons aged 
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x+5 to x+10 at time m+2.5 years. The value of m 
denotes the mid-point of the intercensal period.  This 
number is obtained by projecting the mid-period 
number of persons in this age group forward by 2.5 
years using the age-specific growth rate r(x+5,5). 
Similarly, the denominator in (8) may be thought of as 
an interpolated number of persons aged  x to  x+5  at 
time m-2.5 years.  The persons represented in the 
numerator are thus, on the assumption that no 
migration occurs, the survivors of the persons 
represented in the denominator. 
 
 The synthetic survival ratios in (8) thus estimate 
the life table probabilities of survival from age x to x+5 
(lx+5/lx) exactly as in the case of censuses five years 
apart.  The remainder of the calculation is the same as 
in the case of censuses five years apart presented in 
section B.  
 
 If the intercensal interval is five years, the 
denominator of equation  (8) equals the number of 
persons in the x to x+5 age group at the first census 
and the numerator is the number in the x+5 to x+10 
age group at the second census.  When censuses are 
five years apart, then, the method for arbitrary 
intercensal intervals described in this section is 
identical to the method for censuses five years apart 
described in section B.  
 

E. ARBITRARY INTERCENSAL INTERVAL METHOD 

APPLICATION: JAPAN, FEMALES, 1960-1970 
 
 Table I.2 illustrates the application of the census 
survival method for arbitrary intercensal intervals to 
data on females enumerated in the 1960 and 1970 
censuses of Japan.  Detailed procedures for the 
application of this method are provided with the table.  
 
 Columns 2 and 3 of the table show the age 
distributions of females enumerated in the two 
censuses, and column 4 shows the age-specific 
intercensal growth rates calculated using formula (6). 
 The average annual person-years lived by persons in 
each age group during the intercensal period (column 
5) may be thought of as an interpolated mid-period age 
distribution.  Column 7 shows the synthetic survival 
ratios calculated according to formula (8), and 
subsequent columns show the same calculations as 
columns 6 to 13 of table I.1.  The calculation assumes 
the expectation of life at age 80 (e80), to be 5.99 years. 
This figure is obtained by interpolating between data 

on expectation of life from official Japanese sources 
(Japan Statistical Association, 1987, pp. 270-271).  
The last two columns compare the estimated 
expectations of life at birth with values from life-tables 
derived from registered deaths. 
 
 Although the estimates of life expectancy produced 
by the arbitrary intercensal interval method are in 
reasonably good agreement with those derived from 
vital registration data, they are not as good as the 
estimates obtained from applying the five-year 
intercensal interval method (section C). This is 
because the generalisation that allows estimation when 
intercensal intervals have any arbitrary length comes at 
a cost. When age-specific growth rates change 
substantially from one five-year age group to another, 
as they do in this example, the growth rates of the 
number of persons at different ages within each age 
group will also be far from constant. Errors in the 
synthetic survival ratios will therefore occur because 
the interpolation that produces the numerators and 
denominators of those ratios assumes a constant rate 
of growth within each five-year age group during the 
intercensal period. 
 
 In this example, the sharply lower size of the 
cohort aged 10-14 in 1970 relative to the cohort the 
same age in 1960 (3.9 million and 5.4 million, 
respectively),  results in a large negative growth rate 
(-3.4 per cent) for 10-14 year olds during the 
intercensal period.  Growth rates for the 0-4, 5-9 and 
15-19 age groups, in contrast, are considerably higher. 
 This variability of growth rates results in a synthetic 
survival ratio from age 17.5 to age 22.5 that is much 
too high, with the result that errors in the estimated 
expectations of life at ages 5 and 10 are relatively 
large. 
 

F. CENSUSES TEN YEARS APART  
 
 When censuses are exactly ten years apart, ten-
year intercensal survival ratios can be calculated by 
dividing the number of persons aged 10-14 at the 
second census by the number aged 0-4 at the first 
census; the number aged 15-19 at the second census 
by the number aged 5-9 at the first census, and so on. 
Assuming, as in the case of censuses five years apart, 
that persons are concentrated at the mid-points of age 
groups, the intercensal survival ratios for age groups 
0-4, 10-14, 20-24, etc., give estimates of the 
conditional probabilities of survival, l12.5 /l2.5, l22.5 /l12.5, ... 
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and the ratios for age groups 5-9, 15-19,  ... give 
estimates of the conditional survival probabilities l17.5 

/l7.5, l27.5 /l17.5, and so on. 
 
This results in two series of conditional lx values.  

The first consists of the conditional survival 
probabilities lx /l2.5, computed by noting that l2.5 /l2.5 = 1 
and using the formula 
 
 lx+10 /l2.5 = (lx+10 /lx) (lx /l2.5) (9) 
 
for x = 2.5, 12.5, 22.5, .... The second consists of the 
conditional survival probabilities lx/l7.5, computed by 
noting that l7.5 /l7.5 = 1 and using the formula 
 
 lx+10 /l7.5 = (lx+10 /lx)(lx /l7.5) (10) 
 
for x = 7.5, 17.5, ....  
 
 While it would be possible to carry out subsequent 
calculations independently on both of these series, this 
procedure would have the dual disadvantage of 
working with ten-year, rather than five-year age 
intervals, and of providing two different sets of 
estimates.  It is preferable to merge the two series, 
thus giving survival values at five-year intervals.  
Averaging the first two terms of the first series gives a 
value of l7.5 /l2.5, 
 
 l7.5 /l2.5 = 0.5(l2.5 /l2.5 + l12.5 /l2.5 ) (11) 
 
Multiplying the second series by l7.5 /l2.5  results in a 
series with l2.5 values in the denominator, that may be 
merged with the first series so that 
 
 lx /l2.5 = (l7.5 /l2.5)(lx /l7.5),(12) 
 
x = 7.5, 17.5, .... Once the merged series is available, 
subsequent calculations are the same as for the two 
previous methods. 

 
G. TEN-YEAR INTERCENSAL INTERVAL METHOD 

APPLICATION: JAPAN, FEMALES, 1960-1970 
 
 Table I.3 illustrates the application of the method 
for ten year intercensal intervals to data for females 
enumerated in the 1960 and 1970 censuses of Japan. 
Details of the calculation are given in the notes to the 
table. 
 

 As with previous applications, the last two 
columns of table I.3 compare the estimated 
expectations of life to those derived from the deaths 
recorded by the civil registration system. The 
percentage deviations are similar to those displayed in 
table I.1, with a median error of 0.4 per cent.  Note 
that the results of the arbitrary intercensal interval 
method in table I.2 show much wider deviations with 
a median error of 1.1 per cent.  This outcome 
suggests that when censuses at exact ten-year 
intervals are available, the ten-year method should be 
used in preference to the arbitrary intercensal interval 
method presented in section E.  

 
H. TEN-YEAR INTERCENSAL INTERVAL METHOD 

APPLICATION:  ZIMBABWE, 
FEMALES, 1982-1992 

 
 The preceding examples show that estimates 
derived from census survival methods can be very 
accurate when the age distribution data used as input 
are reliable, as is the case with Japan.  Much of the 
data to which the indirect estimates discussed in this 
manual will be applied, however, will come from 
contexts where reliable civil registration statistics are 
lacking and where census age distributions are less 
accurate. 
 
 Table I.4 therefore illustrates a more typical 
application using the example of census data for 
Zimbabwe. The ten-year intercensal method is applied 
to the data on females enumerated in the 1982 and 
1992 censuses of Zimbabwe.  Because the census 
reference dates are the same, the ten-year census 
survival method can be used.  However, special 
procedures discussed in this section, have to be 
adopted to estimate life expectancy for the uppermost 
age group because, unlike Japan, good life table 
estimates are not available for Zimbabwe.  Further, in 
the absence of accurate life table estimates with which 
to compare the results of this application, careful 
examination of the survival ratios becomes important 
in assessing the reliability of the life expectancy 
estimates.  Approaches to this evaluation are also 
discussed in this section. 
 
1. Estimating the uppermost expectation of life 
 
 Columns 1-13 of table I.4 show calculations for 
Zimbabwe that are identical to those in table I.3 for 
Japan.  However, because the open-ended interval 
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starts at age 75, a value for e70 is needed in order to 
calculate the Tx values in column 12.  In the absence of 
reliable life table estimates, the simplest way to 
estimate the uppermost expectation of life, e70, is to 
make an initial guess about the likely level of the 
expectation of life at birth and determine the 
corresponding value of e70 using model life tables.  
Even a rough guess of the life expectancy at birth will 
usually work reasonably well for two reasons.  First, 
the range of variation in expectation of life at older 
ages is not large.  The Brass model life-tables shown 
in annex table I.3, for example, suggest that increasing 
e0 from 50 to 65 years increases e70 only from 8.25 to 
9.76 years. Second, the estimated expectations of life 
at younger ages are relatively insensitive to the value 
of the expectation of life that is used to start the Tx 

calculation.  This robustness may be illustrated with 
the example worked out for Zimbabwe in table I.4.  
 
 Assuming that the expectation of life at birth for 
Zimbabwe females during 1982-1992 is 60 years, a 
corresponding model life table value of e70 can be 
determined.  The Brass model life-tables shown in 
annex table II.3 show that the corresponding e70 value, 
given a female e0 of 60 years, is 9.09.  The principle 
behind this is discussed in annex II. Using 9.09 
provisionally as the uppermost expectation of life for 
purposes of our calculation in table I.4, would yield an 
expectation of life at age 5 of 63.3 years.  However, 
as can be seen from the table of ex values in annex 
table II.3, an e5 of 63.3 years is closer to the model life 
table with  e0 of 62.5 years (column 18). The initial 
value of  e70 should be replaced by the value from this 
table, which is 9.39 years. This gives an estimated e5 
of 63.7 years.  The procedure for interpolating the ex . 
. values is discussed in annex II. 
 
2. Evaluating the census survival ratios 
 
 Since accurate life tables derived from vital 
registration statistics are not available for Zimbabwe, 
to assess the quality of the estimates derived using the 
census survival method, it is necessary to use a 
different approach from that used in the case of 
Japan. 
 
 The first step is to evaluate the levels and trends in 
the survival ratios. Figure I-1 plots the conditional 
survival ratios shown in column 5 of table I-4.  It is 
important to look at these values, rather than the 
interpolated values in column 8, because the 

interpolation has a strong smoothing effect that 
obscures patterns resulting from age distribution 
errors. 
 
 The survival ratios plotted in figure I.1 show 
fluctuations from the third ratio through the end of the 
series, with more pronounced swings over age 50. 
Some of this variation is certainly due to imperfect 
merging of the two series of survival ratios (the one 
beginning with age group 0-4, the other with 5-9).  
However, the larger fluctuations for older ages cannot 
be accounted for in this way. 
 
 Another key observation is that the first three 
survival ratios are greater than one. This is impossible 
if the age data are accurate and the population was 
indeed closed to migration. Column 5 of table I.4 
shows that this is due mainly to the first survival ratio, 
which is just over 1.1.  The survival ratios of the 5-9 
and 10-14 year age groups are also slightly above one. 
The high value of the first survival ratio might reflect 
substantial under enumeration of the 0-4 age group in 
1982.  This is generally believed to be a common 
problem in census enumeration, although it is difficult 
to know for certain whether the deficit is due to under 
enumeration or to age misreporting. In this case, 
however, a transfer of 0-4 year olds into the 5-9 age 
group would be expected to result in a second survival 
ratio less than one, contrary to what is observed here. 
 
 The first three survival ratios being greater than 
one might be interpreted to mean either that the 1992 
census enumerated the population somewhat more 
completely than the 1982 census, or that there was net 
immigration into the affected age groups during the 
intercensal period.  However, the 1992 Zimbabwe 
census was a less complete enumeration than the 1982 
census, and for at least one category of international 
migrants, Europeans, net migration during the 
intercensal decade was negative, not positive.  It is 
possible, therefore, that the survival ratios above one 
in table I-4 reflect differences in age misreporting or 
differential completeness of enumeration by age in the 
two censuses. 
 
 Another feature worth noting is the sharp 
fluctuation in the survival ratios for ages 50 and over 
that is exhibited by the Zimbabwe data. Such 
fluctuation, commonly observed in other populations, 
is most likely to result from age heaping.  Despite the 
obvious distortions in survival ratios that they cause, 
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age heaping errors cause relatively few problems for 
the estimation of overall mortality levels because the 
effect of higher values at some ages tends to be 
cancelled out by lower values at other ages. 
 
 Age exaggeration, in contrast to age heaping, may 
play an important role in biasing estimates derived 
from the use of census survival methods.  One way of 
thinking about the effect of age exaggeration is to 
imagine what would happen to reported age 
distributions and survival ratios if everyone were to 
overstate their age by exactly five years.  The survival 
ratio identified with, for instance, the 50-54 age group 
at the first census, would then refer, in fact, to the 45- 
49 age group.  Since survival for the younger age 
group is higher, the survival ratio identified with the 
50-54 age group would be too high. The same would 
be true for every other age group, and the result 
would be that the data, as reported, would overstate 
the estimated expectation of life. 
 
 Empirical patterns of age exaggeration are complex 
and not well understood.  In some cases, they are 
pronounced enough to have important effects on 
estimates derived from census survival and other 
indirect methods. Systematic and substantial 
overstatement of age tends to begin only in the adult 
ages.  The youngest age groups affected will lose 
persons by transference of some persons to older age 
groups.  Older age groups will gain persons 
transferred from younger age groups and lose persons 
transferred to older age groups.  If the population is 
young, as is the case in most developing countries, the 
number of persons will decline sharply from one age 
group to the next, at least for older age groups.  If 
fixed proportions of persons in each age group 
overstate their ages, all age groups beyond the 
youngest one affected will tend to gain more persons 
than they lose. The effect on survival ratios is not 
immediately clear, since both the numerator and the 
denominator increase. 
 

I. TRANSLATION TO A COMMON MORTALITY 

INDICATOR USING MODEL LIFE-TABLES 
 
 One way to detect the presence of age 
exaggeration in an application of the census survival 
method is to transform the estimated expectations of 
life at each age to a common indicator, such as 
expectation of life at age 5, using a model life-table 
family.  On the assumption that the age pattern of 

mortality in the population is represented by the model 
used, biases due to age exaggeration will be revealed 
by a tendency for estimates of the expectation of life 
at age 5 derived from data on older age groups to be 
higher. This method is discussed below, with an 
application to the Zimbabwe data. 
  
 Begin by taking the estimates of ex for Zimbabwe 
females shown in table I.4, column 13, and compute 
the implied value of e5 using the interpolation 
procedures described in section C of annex II.  The 
result of the application of the method is shown in 
column 15 of table I.4 and in figure I.2.  The values of 
e5 range from a low of 59.1 years to a high of 68.4 
years.  The estimated e5 values fall from ages 5 to 20, 
then rise from ages 20 to 45, followed by a levelling 
off, although downward spikes are evident for ages 50 
and 70.  This pattern suggests that although age 
exaggeration is undoubtedly present to some degree, it 
is not playing a major role in distorting the census 
survival ratios. If it were, there would be a clear 
increase in e5 values above age 50.  Further, an 
unsuitable choice of a model life-table would produce 
a set of e5 values that increase or decrease smoothly 
with x.  In contrast, a tendency for the e5 values to 
rise as x increases, but only beyond the young adult 
ages, may indicate an upward bias in the survival 
ratios for older age groups due to age exaggeration. 
 
 The median of all the estimated e5 values for 
Zimbabwe is 64.6.  A useful indicator of the error 
associated with this estimate is one half the inter-
quartile range of the distribution of the e5 values, (2.8 
years in this case).  To indicate relative error it is 
useful to express this as a per cent of the estimated e5, 
(4.3 per cent in this case). 

 
J. METHODOLOGICAL NOTE 

 
 The outcome of the use of synthetic survival ratios 
is equivalent to that of the Preston-Bennett method as 
originally formulated, but there is a difference that 
must be noted.  Census survival ratios may be 
calculated with ratios of lx values or with ratios of 5Lx 

values. In the first case it is logical to assume that 
persons in each age group are concentrated at the 
mid-point of the group and thus, to begin the life table 
calculations at x=2.5 years with l2.5/l2.5=1.  Conditional 
5Lx/l2.5 values are then calculated in the usual way, using 
equation (3). 
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 The alternative, calculating survival ratios with 5Lx 

values leads to the series 
 
 5L5 /5L0 , 5L10 /5L0 , 5L15 /5L0 , ..., (13) 
 
which, by analogy with the lx/l2.5 series, may be 
thought of as 5Lx values “conditioned on” 5L0. With this 
approach, lx values are similarly conditioned, being 
calculated as 
 
 lx /5L0 = (5Lx /5L0  + 5Lx-5 /5L0 )/10 (14) 
 
 The 5L0 term in the denominator cancels out when 
calculating ex, just as the l2.5 term in the denominator of 
equation (5), in section B, cancels out. 

 Section D uses the lx ratio approach in preference 
to the 5Lx ratio approach, and will accordingly yield 
slightly different results from the original Preston-
Bennett formulation. It would, of course, be possible 
to use the 5Lx ratio approach with the synthetic survival 
ratio method, but the lx ratio approach has several 
advantages. The resulting statistics are directly 
interpretable as conditional survival probabilities, and 
there is a naturally available radix, the value one, with 
which to initiate the series.  More importantly, the lx 
ratio approach greatly simplifies census survival 
calculations for intercensal intervals that are ten years 
in length. 

  



TABLE I.1.  FIVE YEAR INTERCENSAL SURVIVAL METHOD APPLIED TO JAPAN: FEMALES, 1965-1970 

 Census population   Estimated conditional life table functions    

 
 

Age 
group(i) 

 
 
 

1965 a                   1970 b 

 
Midpoint 

of age 
group 

 
Census 
survival 

ratio 

 
 

Probability 
of survival 

 
Interpo-

lated 
age 

 
Probability 
of survival 
to age x 

 
Person years lived 

between exact age x 
and  x+5 

 
Total person 
years lived 

above age x 

 
Life 

expectancy 
at age x 

Estimated life 
expectancy from 
civil registration 

data  

Deviation 
(col.11-
col.12) 
per cent 

  

P1 

 
P2 

 P2(x,5)/ 
P1(x-5,5) 

 
lx/l2.5 

 
x 

 
lx/l2.5 

 

5Lx/l2.5 
 

Tx/l2.5 
 

ex 
 

ex(R) 
 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

             

0-4 3,983,902 4,292,503 2.5 1.0011 1.0000 NA NA NA NA NA NA NA 
5-9 3,854,281 3,988,292 7.5 0.9994 1.0011 5 1.0006 5.0034 70.0627 70.02 70.19 -0.2 

10-14 4,513,237 3,852,101 12.5 0.9953 1.0005 10 1.0008 4.9975 65.0593 65.01 65.33 -0.5 

15-19 5,373,547 4,492,096 17.5 0.9951 0.9958 15 0.9982 4.9790 60.0617 60.17 60.41 -0.4 
20-24 4,572,392 5,347,327 22.5 0.9999 0.9910 20 0.9934 4.9609 55.0827 55.45 55.54 -0.2 

25-29 4,206,801 4,571,868 27.5 0.9961 0.9909 25 0.9909 4.9497 50.1218 50.58 50.74 -0.3 
30-34 4,110,076 4,190,340 32.5 0.9940 0.9870 30 0.9889 4.9324 45.1722 45.68 45.96 -0.6 

35-39 3,751,030 4,085,338 37.5 0.9795 0.9811 35 0.9840 4.8876 40.2397 40.89 41.21 -0.8 
40-44 3,231,736 3,674,127 42.5 0.9899 0.9609 40 0.9710 4.8177 35.3522 36.41 36.52 -0.3 

45-49 2,697,217 3,198,934 47.5 0.9819 0.9512 45 0.9561 4.7466 30.5345 31.94 31.89 0.1 
50-54 2,485,095 2,648,360 52.5 0.9588 0.9340 50 0.9426 4.6432 25.7879 27.36 27.39 -0.1 

55-59 2,071,540 2,382,691 57.5 0.9512 0.8955 55 0.9147 4.4709 21.1446 23.12 23.05 0.3 
60-64 1,719,370 1,970,485 62.5 0.9217 0.8518 60 0.8736 4.2302 16.6738 19.09 18.89 1.0 

65-69 1,343,444 1,584,699 67.5 0.8725 0.7851 65 0.8184 3.8836 12.4436 15.20 14.99 1.4 
70-74 955,567 1,172,155 72.5 0.7705 0.6850 70 0.7350 3.3535 8.5599 11.65 11.45 1.7 

75-79 644,043 736,258 77.5 0.6338 0.5278 75 0.6064 2.5938 5.2064 8.59 8.43 1.9 
80-84 341,170 408,191 82.5 NA 0.3345 80 0.4311 NA 2.6127 6.06 6.06 NA 

85+ 176,068 206,511 NA NA NA NA NA NA NA NA NA NA 

             
         Median absolute per cent deviation 0.4 

 
         Source: Population distribution for 1965 and 1970 from: Historical Statistics of Japan, volume 1, table 2-9, pp. 66-83 
(Japan Statistical Association, Tokyo, 1987).
a Reference date: 1 October 1965 (1965.751). 
b Reference date: 1 October 1970 (1970.751). 



Procedure 
 
Columns 1-3. Record the age distributions of the two censuses as shown in 
columns 1 to 3, taking care to calculate exact reference dates of censuses. 
 
Columns 4-5. Record mid-points of age groups and compute census 
survival ratios. Record these in columns 4 and 5 respectively. Note that the 
first census survival ratio is the number of persons aged 5-9 at the second 
census divided by the number aged 0-4 at the first census, and similarly for 
higher age groups. Note also, that the last ratio calculated takes the number 
of persons in the last five-year age group, 80-84 in this case, as its 
numerator. The numbers of persons in the open-ended age groups are not 
used here. 
 
Column 6. Compute the conditional survival schedule lx/l2.5, noting that  
l2.5/l2.5 = 1 and using the equation 
 

 lx+5 /l2.5  = (lx+5  /lx)(lx/l2.5) (1) 
 
where the lx+5 /lx denotes the survival ratios in column 5.  Enter these values 
in column 6. 
 
Column 7-8. Interpolate the conditional survival schedule lx/l2.5 for x = 5, 
10, ..., 80.  Using the linear interpolation formula 
 

 lx/l2.5 = 0.5(lx-2.5 /l2.5  + lx+2.5  /l2.5) (2) 
 
or, if desired, other more elaborate methods may be applied.  The 
interpolated values are entered in column 8 along with their corresponding 
ages in column 7. 

 
Column 9. Compute the conditional 5Lx values (5Lx/l2.5) and enter them in 
column 9. The equation applied in this calculation is: 
 

 5Lx/l2.5 = 2.5(l  x/l2.5 + lx+5 /l2.5) (3) 
 

for x = 5, 10, ..., 75. 
 
Column 10. Given  e80 = 6.06, compute T80/l2.5 = (l80/l2.5)e80 and enter this 
value in column 10 for age 80.  Now fill in Tx values in column 10 for other 
ages using the equation 
 
                                  Tx-5/l2.5 = Tx/l2.5 + 5Lx-5/l2.5 , (4) 
 
Column 11.  Compute ex for ages x = 5, 10, ..., 75 using the equation 
 

 ex = (Tx/l2.5)/( lx/l2.5) (5) 
 
Enter these values in column 11. 
 
 Columns 12-13. Evaluate the accuracy of the estimates of life expectancy.  
In this example, the estimated values are compared with estimates obtained 
from civil registration data (column 12) and the deviation between these 
estimates is shown in column 13. 
 
Note: In this example the expectation of life at age 80, required to initiate 
the calculation of the Tx/l2.5 values, is taken from life tables derived from the 
registered deaths. See section H for a discussion of how to proceed when an 
estimate of the uppermost expectation of life has to be obtained from other 
sources.

 



TABLE I.2.  CENSUS SURVIVAL METHOD FOR ARBITRARY INTERCENSAL INTERVALS APPLIED TO JAPAN : FEMALES, 1960-1970 

Census population     Estimated conditional life ta ble functions   

  
Age specific 

growth  
rate 

 
Average 

annual person 
years lived Age(x) 

Synthetic 
survival 

ratio 

 
 

Probability 
of survival 

 
 
 

Age 

 
Probability 
of survival 
to age x 

 
Person years 

lived in 
age group 

 
Total person 
years lived 
above age x 

 
Life 

expectancy 
at age x 

Life expect- 
ancy from  

civil 
registration 

Deviation 
(col.13- 
col.14) 

 
 
 
 

Age 
group(i) 

 
1960 a 
P1(x,5) 

 
1970 b 
P2(x,5) r(x,5) N(x,5)  lx+5/lx lx/l2.5 x lx/l2.5 5Lx/l2.5 Tx/l2.5 ex ex(R)  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 

               

0-4 3,831,870 4,292,503 0.011352 4,057,830 2.5 1.0429 1.0000 NA NA NA NA NA NA NA 
5-9 4,502,304 3,988,292 -0.012123 4,240,107 7.5 0.9635 1.0429 5 1.0215 5.1133 69.0551 67.60 69.45 -2.7 

10-14 5,397,061 3,852,101 -0.033724 4,581,245 12.5 0.9082 1.0048 10 1.0238 4.9563 63.9419 62.45 64.62 -3.4 

15-19 4,630,775 4,492,096 -0.003040 4,561,084 17.5 1.0976 0.9125 15 0.9587 4.7893 58.9856 61.53 59.72 3.0 
20-24 4,193,184 5,347,327 0.024314 4,746,894 22.5 0.9973 1.0016 20 0.9570 4.8932 54.1963 56.63 54.87 3.2 

25-29 4,114,704 4,571,868 0.010535 4,339,273 27.5 0.9661 0.9989 25 1.0002 4.9556 49.3031 49.29 50.11 -1.6 
30-34 3,770,907 4,190,340 0.010547 3,976,938 32.5 1.0000 0.9650 30 0.9820 4.8676 44.3475 45.16 45.37 -0.5 

35-39 3,274,822 4,085,338 0.022114 3,665,156 37.5 0.9884 0.9651 35 0.9651 4.8113 39.4800 40.91 40.65 0.6 
40-44 2,744,786 3,674,127 0.029161 3,186,904 42.5 1.0233 0.9539 40 0.9595 4.8112 34.6686 36.13 35.99 0.4 

45-49 2,559,755 3,198,934 0.022291 2,867,481 47.5 0.9297 0.9761 45 0.9650 4.7670 29.8574 30.94 31.40 -1.5 
50-54 2,160,716 2,648,360 0.020350 2,396,274 52.5 0.9834 0.9075 50 0.9418 4.6043 25.0905 26.64 26.94 -1.1 

55-59 1,839,025 2,382,691 0.025899 2,099,137 57.5 0.9375 0.8924 55 0.8999 4.4111 20.4862 22.76 22.64 0.6 
60-64 1,494,043 1,970,485 0.027679 1,721,288 62.5 0.9116 0.8366 60 0.8645 4.1603 16.0752 18.59 18.52 0.4 

65-69 1,133,409 1,584,699 0.033516 1,346,473 67.5 0.8820 0.7626 65 0.7996 3.7932 11.9148 14.90 14.67 1.6 
70-74 870,238 1,172,155 0.029783 1,013,714 72.5 0.7383 0.6726 70 0.7176 3.2556 8.1217 11.32 11.20 1.0 

75-79 577,972 736,258 0.024206 653,925 77.5 0.6227 0.4966 75 0.5846 2.4688 4.8661 8.32 8.25 0.9 
80-84 313,781 408,191 0.026304 358,919 82.5 NA 0.3092 80 0.4029 NA 2.3973 5.95 5.95 NA 

85+ 131,547 53,116 -0.090689 86,484 87.5 NA NA NA NA NA NA NA 6.00 NA 

               
          Median absolute per cent deviation 1.1 

 

          Source: Population distribution for 1960 and 1970 from :Historical Statistics of Japan, volume 1, table 2-9, 
 pp. 66-83 (Japan Statistical Association, Tokyo, 1987). 
a Reference date: 1 October 1960 (1965.751). 
b Reference date: 1 October 1970 (1970.751). 



Procedure 
 
Columns 1-3. Record the age distribution of the two censuses as shown in 
columns 1 to 3, taking care to calculate the exact duration of the intercensal 
period. 
 
Column 4. Compute the age-specific growth rates r(x,5), x=0, 5, ..., 70,  
using the equation  
 

 r(x,n) = ln[P2(x,n)/P1(x,n)]/t, (6) 
 
where Ni(x,n) denotes the number of persons aged x to x+5 at the I-th 
census and t denotes the length of the intercensal period.  The growth rate 
for the open-ended interval 85+ may also be calculated, though it is not 
required in this example.  Enter the age specific growth rates in column 4. 
 
Column 5. Compute the average number N(x,5) of person-years lived by 
each age group during the intercensal period using the formula 
 

 N(x,5) = [P2(x,5) - P1(x,5)]/[tr(x,5)] (7) 
 
Enter these in column 5. 
 
Columns 6-7. Compute and enter in columns 6 and 7, the synthetic survival 
ratios, by age, using the formula 
 

 N(x+5,5)exp[(2.5r(x+5,5)]   (8) 

 N(x,5)exp[(-2.5r(x,5)]  
 
and so on. 
 
Column 8. Compute the conditional survival schedule lx/l2.5, noting that  
l2.5/l2.5 = 1 and using the equation 
 

 lx+5 /l2.5  = (lx+5  /lx)(lx/l2.5) (1) 
 
where the lx+5 /lx denotes the survival ratios in column 7.  Enter these values 
in column 8. 

 
Columns 9-10. Interpolate the conditional survival schedule lx/l2.5  for x = 5, 
10, ..., 80.  Using the linear interpolation formula 
 

 lx/l2.5 = 0.5(lx-2.5 /l2.5 + lx+2.5  /l2.5) (2) 
 
or, if desired, other more elaborate methods may be applied.  The 
interpolated values are entered in column 10, along with their corresponding 
ages in column 9. 
 
Column 11. Compute the conditional 5Lx values (5Lx/l2.5) and enter them in 
column 11. The equation applied in this calculation is: 
 

 5Lx/l2.5 = 2.5(l  x/l2.5 + lx+5 /l2.5) (3) 
 

for x = 5, 10, ..., 75. 
 
Column 12. Given  e80 = 6.06, compute T80/l2.5 = (l80/l2.5)e80 and enter this 
value in column 12 for age 80.  Now fill in Tx values in column 12 for other 
ages using the equation 
 
                                  Tx-5/l2.5 = Tx/l2.5 + 5Lx-5/l2.5 , (4) 
 
Column 13.  Compute ex for ages x = 5, 10, ..., 75 using the equation 
 

 ex = (Tx/l2.5)/( lx/l2.5) (5) 
 
Enter these values in column 13. 
 
Columns 14-15. Evaluate the accuracy of the estimates of life expectancy.  
In this example, the estimated values are compared with estimates obtained 
from civil registration data (column 14) and the deviation between these 
estimates is shown in column 15. 
 
Note: In this example the expectation of life at age 80 is given. See section 
H for a discussion of how to proceed when an estimate of the uppermost 
expectation of life is not directly available. 



 

TABLE I.3. CENSUS SURVIVAL METHOD FOR TEN YEAR INTERCENSAL INTERVALS APPLIED TO JAPAN : FEMALES, 1960-1970 

       Conditional life table functions  

Census population 

 
 
 

Census 
survival 

ratio 

 
Probability of 
survival from 
age 2.5 years 

Probability 
of survival 

from age 7.5 
years 

 
Merged 

probability 
of survival 

 
 
 

Age 

 
Probability 
of survival 
to age x 

 
Person years 
lived between 
age x and x+5  

 
Total person 
years lived 
above age x 

Estimated 
life 

expectancy 
at age x 

Life expect- 
ancy from  

civil 
registration 

Deviation 
(col.13- 
col.14) 
per cent 

 
 
 
 

Age 
group 

1960 a 
P1 

1970 b 
P2 

Age 
x 

P2(x,10)/ 
P1(x-10) lx/l2.5 lx/l7.5 lx/l2.5 x lx/l2.5 5Lx/l2.5 Tx/l2.5 ex ex(R)  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 

               

0-4 3,831,870 4,292,503 2.5 1.0053 1.0000 NA 1.0000 NA NA NA NA NA NA NA 
5-9 4,502,304 3,988,292 7.5 0.9977 NA 1.0000 1.0026 5 1.0013 5.0132 69.7500 69.66 69.45 -0.3 

10-14 5,397,061 3,852,101 12.5 0.9908 1.0053 NA 1.0053 10 1.0040 5.0170 64.7368 64.48 64.62 0.2 
15-19 4,630,775 4,492,096 17.5 0.9873 NA 0.9977 1.0004 15 1.0028 5.0025 59.7198 59.55 59.72 0.3 
20-24 4,193,184 5,347,327 22.5 0.9993 0.9960 NA 0.9960 20 0.9982 4.9750 54.7173 54.82 54.87 0.1 

25-29 4,114,704 4,571,868 27.5 0.9929 NA 0.9850 0.9876 25 0.9918 4.9583 49.7422 50.15 50.11 -0.1 
30-34 3,770,907 4,190,340 32.5 0.9743 0.9953 NA 0.9953 30 0.9915 4.9486 44.7839 45.17 45.37 0.4 

35-39 3,274,822 4,085,338 37.5 0.9768 NA 0.9780 0.9806 35 0.9880 4.9079 39.8353 40.32 40.65 0.8 
40-44 2,744,786 3,674,127 42.5 0.9649 0.9698 NA 0.9698 40 0.9752 4.8476 34.9274 35.82 35.99 0.5 

45-49 2,559,755 3,198,934 47.5 0.9308 NA 0.9553 0.9579 45 0.9638 4.7766 30.0798 31.21 31.40 0.6 
50-54 2,160,716 2,648,360 52.5 0.9120 0.9357 NA 0.9357 50 0.9468 4.6512 25.3032 26.73 26.94 0.8 

55-59 1,839,025 2,382,691 57.5 0.8617 NA 0.8893 0.8916 55 0.9137 4.4654 20.6521 22.60 22.64 0.2 
60-64 1,494,043 1,970,485 62.5 0.7846 0.8533 NA 0.8533 60 0.8725 4.2083 16.1867 18.55 18.52 -0.2 

65-69 1,133,409 1,584,699 67.5 0.6496 NA 0.7663 0.7683 65 0.8108 3.8243 11.9784 14.77 14.67 -0.7 
70-74 870,238 1,172,155 72.5 0.4691 0.6695 NA 0.6695 70 0.7189 3.2580 8.1541 11.34 11.20 -1.3 

75-79 577,972 736,258 77.5 NA NA 0.4978 0.4991 75 0.5843 2.4771 4.8962 8.38 8.25 -1.6 
80-84 313,781 408,191 82.5 NA 0.3140 NA 0.3140 80 0.4066 NA 2.4190 5.95 5.95 NA 

85+ 131,547 53,116 NA NA NA NA NA NA NA NA NA NA NA NA 
              
          Median absolute per cent deviation 0.4 

 
          Source: Population distribution for 1960 and 1970 from: Historical Statistics of Japan, volume 1, table 2-9, 
 pp. 66-83 (Japan Statistical Association, Tokyo, 1987).
a Reference date: 1 October 1960 (1960.751). 
b Reference date: 1 October 1970 (1970.751). 



Procedure 
 
Columns 1-3. Record the age distribution of the two censuses as shown in 
columns 1 to 3. 
 
Columns 4-5. Record the mid-points of the age groups in column 4 and 
compute census survival ratios, entering them in column 5.  The first census 
survival ratio is the number of persons aged 10-14 at the second census 
divided by the number aged 0-4 at the first census, and similarly for higher 
age groups.  Note that the last ratio calculated takes the number of persons 
in the last five-year age group, 80-84 in this case, as its numerator. 
 
Column 6.  Compute the conditional survival probabilities lx/l2.5  for x = 2.5, 
12.5, 22.5, ... noting that l2.5 /l2.5  = 1 and using the formula 
 

 lx+10 /l2.5 = (lx+10 /lx) (lx /l2.5) (9) 
 
for x = 2.5, 12.5, 22.5, .... Enter these values in column 6. Note that x 
increases by 10 years each time this formula is applied, so that entries are 
made in every other row. 
 
Column 7. Compute the conditional survival probabilities lx/l7.5 for x = 7.5, 
17.5, 27.5, ... noting that l7.5 /l7.5  = 1 and using the formula 
 

 lx+10 /l7.5 = (lx+10 /lx) lx /l7.5 (10) 
 

for x = 7.5, 17.5, 27.5, .... Enter these values in column 7. Note that x 
increases by 10 and entries are therefore made in every other row. 
 
Column 8.  Compute l7.5 /l2.5 by interpolating between the first two entries in 
column 6, i.e., using the formula 
 

 l7.5 /l2.5  = 0.5(l2.5  /l2.5  + l12.5 /l2.5) (12) 
 
In this case, the result is (1 + 1.0053)/2 = 1.0026.  Column 8 is obtained by 
multiplying the number resulting from the application of equation (12) by 

the corresponding value in column 7.  Note that this corresponds to 
recording the estimat es of lx/l2.5 from column 6 and obtaining missing 
values by multiplying the entries in column 7 by 1.0026. 
 
Columns 9-10. Interpolate the conditional survival schedule lx/l2.5  for x = 5, 
10, ..., 80.  Using the linear interpolation formula 
 

 lx/l2.5 = 0.5(lx-2.5 /l2.5  + lx+2.5  /l2.5) (2) 
 

or, if desired, other more elaborate methods may be applied.  The 
interpolated values are entered in column 10, along with their corresponding 
ages in column 9. 
 
Column 11. Compute the conditional 5Lx values (5Lx/l2.5) and enter them in 
column 11. The equation applied in this calculation is: 
 

 5Lx/l2.5 = 2.5(l  x/l2.5 + lx+5 /l2.5) (3) 
 

for x = 5, 10, ..., 75. 
 
Column 12.  Given  e80 = 6.06, compute T80/l2.5 = (l80/l2.5)e80 and enter this 
value in column 12 for age 80.  Now fill in Tx values in column 12 for other 
ages using the equation 
                                  Tx-5/l2.5 = Tx/l2.5 + 5Lx-5/l2.5 , (4) 
 
Column 13. Compute ex for ages x = 5, 10, ..., 75 using the equation 
 

 ex = (Tx/l2.5)/( lx/l2.5) (5) 
 
Enter these values in column 13. 
 
Columns 14-15. Evaluate the accuracy of the estimates of life expectancy.  
In this example, the estimated values are compared with estimates obtained 
from civil registration data (column 14) and the deviation between these 
estimates is shown in column 15. 

 



 

TABLE I.4. CENSUS SURVIVAL METHOD FOR TEN YEAR INTERCENSAL INTERVALS APPLIED TO ZIMBABWE : FEMALES, 1982-1992 

Estimated conditional life table functions    

Census population 

 
 

Census 
survival 

ratio 

 
 

Probability of 
survival from 
age 2.5 years 

 
 

Probability of 
survival from 
age 7.5 years 

 
 

Merged 
probability 
of survival 

 
 
 

Age 

 
Probability 
of survival 

to age x 

 
Person years 
lived between 
age x and x+5  

 
Total person 
years lived 
above age x 

Estimated 
life 

expectancy 
at age x 

 
 
 

Age  

 
 
 
 

Age 
group 

1982 a 
P1 

1992 b 
P2 

 
 
 
 

Age 
x 

P2(x,10)/ 
P1(x-10) 

 
lx/l2.5 

 
lx/l7.5 

 
lx/l2.5 

 
x 

 
lx/l2.5 

 

5Lx/l2.5 
 

Tx/l2.5 
 

ex 
 

x 
 

e5 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 

               
0-4 666,513 798,430 2.5 1.1018 1.0000 NA 1.0000 0 NA NA NA NA 0 NA 
5-9 620,383 835,296 7.5 1.0230 NA 1.0000 1.0509 5 1.0254 5.2544 66.5386 64.89 5 64.9 

10-14 519,647 734,331 13 1.0100 1.1018 NA 1.1018 10 1.0763 5.4118 61.2842 56.94 10 61.4 
15-19 413,331 634,658 18 0.9140 NA 1.0230 1.0751 15 1.0884 5.4558 55.8724 51.33 15 60.3 

20-24 364,837 524,836 23 0.8974 1.1128 NA 1.1128 20 1.0939 5.3539 50.4166 46.09 20 59.1 
25-29 281,551 377,773 28 0.9250 NA 0.9350 0.9826 25 1.0477 5.0956 45.0627 43.01 25 60.3 

30-34 207,121 327,407 33 0.9181 0.9986 NA 0.9986 30 0.9906 4.8608 39.9671 40.35 30 62.4 
35-39 170,467 260,436 38 0.8443 NA 0.8649 0.9089 35 0.9537 4.6664 35.1063 36.81 35 63.4 

40-44 139,774 190,152 43 1.0577 0.9168 NA 0.9168 40 0.9128 4.3873 30.4399 33.35 40 64.7 
45-49 110,583 143,928 48 0.7869 NA 0.7302 0.7674 45 0.8421 4.2765 26.0526 30.94 45 67.8 
50-54 91,039 147,839 53 0.9282 0.9697 NA 0.9697 50 0.8685 4.1383 21.7761 25.07 50 65.3 

55-59 60,906 87,023 58 0.8386 NA 0.5747 0.6039 55 0.7868 3.8468 17.6378 22.42 55 68.1 
60-64 65,374 84,499 63 0.9590 0.9000 NA 0.9000 60 0.7520 3.6379 13.7910 18.34 60 68.3 

65-69 38,928 51,075 68 NA NA 0.4819 0.5064 65 0.7032 3.4699 10.1530 14.44 65 68.4 
70-74 30,553 62,691 73 NA 0.8631 NA 0.8631 70 0.6847 NA 6.6831 9.76 70 64.4 

75+ 46,842 68,635 NA NA NA NA NA 75 NA NA NA NA 75 NA 
              

           Median 64.6 
          0.5 x interquartile range 2.8 

           Per cent 4.3 
  
                    Source: Age distribution data available from http://www.census.gov/ipc/www/idbprint.html. See als o, for the 1992 census, 
 Census 1992: Zimbabwe National Report (Harare, Central Statistical Office, n.d.), table A1.2, p. 9 and 177. For the 1982 
 Census, see 1988 Demographic Yearbook , table 7, pp. 252-253. 
 a Reference date: 18 August 1982. 
 b Reference date: 18 August 1992. 



 
         Procedure 
 

Columns 1-3.  Record the age distributions from the two censuses as shown 
in columns 1 to 3. 
 
Columns 4-5. Record the midpoints of the age groups in column 4 and 
compute census survival ratios, entering them in column 5. 
 
Column 6. Compute the conditional survival probabilities lx/l2.5  for x = 2.5, 
12.5,… and enter these in column 6. 
 
Column 7. Compute the conditional survival probabilities lx/l7.5 for x = 7.5, 
17.5, 27.5, ... noting that l7.5 /l7.5  = 1 and using the formula 

 
 lx+10 /l7.5 = (lx+10 /lx) lx /l7.5 (10) 
 

for x = 7.5, 17.5, 27.5, ....  Note that x increases by 10 each time this 
formula is applied, so that entries are made in every other row. 
 
Column 8. Compute l7.5 /l2.5  by interpolating between the first two entries in 
column 6, i.e., using the formula 
 

 l7.5 /l2.5  = 0.5(l2.5  /l2.5  + l12.5 /l2.5) (12) 
 
In this case, the result is (1 + 1.1018)/2 = 1.0509. 
 

Column 8 is obtained by recording the estimates of lx/l2.5 from column 6 
and, to obtain missing estimates, by multiplying the entries in column 7 by 
1.0509. 
 
Column 9-10. Interpolate the conditional survival schedule lx/l2.5  for x = 5, 
10, ..., 80.  Using the linear interpolation formula 

 lx/l2.5 = 0.5(lx-2.5 /l2.5  + lx+2.5  /l2.5) (2) 
 
or, if desired, other more elaborate methods may be applied.  The 
interpolated values are entered in column 10, along with their corresponding 
ages in column 9. 
 
Column 11. Compute the conditional 5Lx values (5Lx/l2.5) and enter them in 
column 11. The equation applied in this calculation is: 
 

 5Lx/l2.5 = 2.5(l  x/l2.5 + lx+5 /l2.5) (3) 
 

for x = 5, 10, ..., 75. 
 
Column 12.  Given  e80 = 6.06, compute T80/l2.5 = (l80/l2.5)e80 and enter this 
value in column 12 for age 80.  Now fill in Tx values in column 12 for other 
ages using the equation 
 
 
Tx-5/l2.5 = Tx/l2.5 + 5Lx-5/l2.5, (4) 
 
Column 13. Compute ex for ages x = 5, 10, ..., 75 using the equation 
 

 ex = (Tx/l2.5)/( lx/l2.5) (5) 
 
Enter these values in column 13. 
 
The estimated expectation of life at each age can be translated to a common 
denominator (in this case expectation of life at age 5 (e5)) using methods 
that are described in annex II. 



Figure I.1. Census survival method for ten-year intercensal  
intervals applied to Zimbabwe: Females, 1982-1992: 

plot of census survival ratios 

 

 Source: Survival ratios from column 5 of table I.4. 

 

Figure I.2 Census survival method for ten-year intercensal  
intervals applied to Zimbabwe: Females, 1982-1992: 

plot of estimated life expectancy at age 5 years 

 

Source: Column 15 of table I.4. 
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II.    GROWTH BALANCE METHODS 
 
 

 Growth balance techniques are important tools in 
the adult mortality estimation process because they 
permit an evaluation of the completeness of death 
registration data.  The original growth balance method 
formulated by Br ass is based on the assumption of a 
stable, closed population.  In that context, the rate of 
entry into the population aged x and over by those 
reaching age x is equal to the rate of departure from 
the same population through death, plus the stable 
population growth rate, which is the same for all 
values of x.  If it is also assumed that the 
completeness of death reporting does not vary by age, 
then an estimate of the completeness of death 
reporting can be obtained  (United Nations, 1983, pp. 
139-146). While the Brass formulation has the 
advantage of requiring, as input, only a single 
population age distribution and the corresponding 
distribution of deaths by age, the assumption that the 
population is stable is often inappropriate in many 
contexts because of changing fertility and mortality 
levels and non-negligible levels of migration. 
 
 If two census age distributions and a distribution 
of intercensal deaths are available, a simple 
reformulation of the original growth balance method 
eliminates the need for the assumption that the 
population is stable. The two-census formulation has 
the further advantage of allowing  the  estimation of 
the differential completeness of enumeration between 
two censuses. 
 
 This chapter presents two versions of the growth 
balance method. The first, the simple growth balance 
method, uses two age distributions and the distribution 
of intercensal deaths by age to estimate completeness 
of death reporting.  The second, the general growth 
balance method (Hill, 1987), utilises the same input 
data and estimates both the completeness of death 
reporting and the relative completeness of enumeration 
of the two censuses. 
 

A. DATA REQUIRED AND ASSUMPTIONS 
 
 Both methods presented here require two census 
age distributions and the distribution of intercensal 
deaths by age.  If registered deaths are available for all 
years of the intercensal period, they may be summed, 
with interpolation as required, to obtain intercensal 

registered deaths.  If death registration data are 
missing for some intercensal years, they may be 
estimated from the available data, either by 
interpolation between data for available years, or by 
using the available data to calculate age-specific death 
rates and then applying these death rates to intercensal 
person years lived.  The latter approach may be used 
when retrospectively reported deaths from a census or 
survey are available, although it must be noted that 
these deaths generally do not refer to calendar years, 
but to an interval of time (most often 12 months) prior 
to the census or survey.  In this approach the true 
number of deaths is not estimated but rather, the 
number that would have been registered or reported in 
the missing years if data had been available for these 
years. 
 
 Both the simple and general growth balance 
methods assume that the population experiences no or 
negligible migration during the intercensal period, at 
least of persons above some specified lower age limit. 
This lower age limit can vary and useful results may 
sometimes be obtained when the age limit is as high as 
50 years.  Since migration is generally concentrated at 
young adult ages, the “no migration” assumption is not 
as limiting as it would otherwise be if this age limit is 
set above young adulthood.  In principle, of course, 
the method may be applied to populations that are 
open to migration but for which numbers of 
intercensal migrants by age are known and can, 
therefore, be adjusted for.  In practice, this data is 
rarely available. 
 
 The simple and general growth balance methods 
also assume that completeness of death reporting is 
the same for all age groups above a specified lower 
limit, and provide estimates of completeness of death 
reporting only for deaths occurring at or above this 
age.  The general growth balance method further 
assumes that the completeness of enumeration in the 
two censuses does not vary by age. 
 

B. THE SIMPLE GROWTH BALANCE METHOD 
 
 The familiar demographic or balancing equation 
may be written for any time period as 
 
  P2 = P1 + B - D (1) 
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where P1 and P2 denote the number of persons in a 
population at the beginning and end of some time 
period,  respectively; B denotes the number of births 
during the period, and D the number of deaths during 
the period.  If the number of births during an 
intercensal period is known, the number of deaths can 
be computed directly by rearranging terms in equation 
(1) to give  
  D = P1 + B - P2 (2) 
 
Equation (2) is generally not useful in contexts where 
deaths are incompletely reported because in these 
situations, births are likely to be under-reported too. 
  
 The balancing equation applies not just to the 
entire population, but also to the population of persons 
over any given age.   Formula (2), in this instance, can 
be rewritten as 
 
 D(x+) = P1(x+)+ N(x) - P2(x+), (3) 
 
where P1(x+) and P2(x+) denote the numbers of 
persons aged x and over in the population at the 
beginning and ending of some time period, 
respectively, D(x+) denotes the number of deaths 
during the period to persons aged x and over, and  
N(x) denotes the number of persons reaching exact 
age x during the period. For x sufficiently above zero, 
N(x) may be obtained by interpolation between the 
census age distributions using the approximation 
 
 N(x) = t0.2[P1(x-5,5)P2(x,5)]0.5 (4) 
 
where t denotes the length of the intercensal period. 
 
 The rationale for formula (4) is as follows. The 
number P1(x-5,5) may be taken as an estimate of the 
number of persons reaching exact age x during the 
five years following the first census. The estimate is 
high, if the age data are accurate, because P1(x-5,5) 
includes persons who die before reaching exact age x. 
 Similarly, P2(x,5) provides an estimate of the number 
of persons reaching exact age x during the five years 
preceding the second census.  This estimate is low if 
the age data are accurate, because P2(x,5) excludes 
persons reaching exact age x during the five years 
preceding the second census and who die before the 
second census. 
 
 The geometric mean of P1(x-5,5) and P2(x,5) in 
formula (4) therefore estimates the average number of 

persons reaching exact age x during any five-year 
period within the intercensal period. The errors in the 
component terms tend to cancel each other out. 
 
 Multiplying this average by 0.2 gives an average 
number of persons reaching exact age x during any 
one year of the intercensal period.  Multiplying this by 
the length of the period gives formula (4). 
  
 Now let D*(x+) and Dc(x+) denote, respectively, 
the reported number of deaths of persons aged x and 
the number of deaths implied by the  census age 
distributions using formula (3). If reported deaths are 
a fraction c, constant over all ages, of true deaths, and 
if the age distribution data are perfectly accurate, then 
the ratios 
 
 c(x) = D*(x+)/Dc(x+) (5) 
 
for all values of  x ( 5, 10, ....) will be identical.  In 
practice, there will be some dispersion of values and 
the completeness of death reporting may be estimated 
as the median over all or a subset of the c(x) values.  
 
 An alternative and essentially equivalent approach 
is to write equation (5) as 
 
 Dc(x+) = (1/c)D*(x+) (6) 
 
and estimate 1/c as the slope of a line fitted to the xy-
points (D*(x+), Dc(x+)) and passing through the 
origin.  This line-fitting approach is used for the 
general growth balance method discussed below. 
 
 The balancing equation may also be applied to the 
population of persons aged x to x+n.  In this case, 
formula (3) generalises to 
 
 D(x,n) = [P1(x,n)+N(x)] -  
 
  [P2(x,n)+N(x+n)](7) 
 
where P1(x,n) and P2(x,n) denote, respectively, 
persons aged x to x+n at the beginning and end of the 
period, D(x,n) denotes deaths during the period to 
persons aged x to x+n, and N(x) and N(x+n)  denote, 
respectively, the number of persons reaching exact 
ages x and x+n during the period.  The estimated 
number of deaths calculated from formula (7) is not 
very robust unless the age interval, n, is large. 
 
 The simple growth balance method, like methods 
based on census survival, is sensitive to differential 
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coverage of the two censuses.  If the second census 
is more (less) completely enumerated than the first, 
the right hand side of formula (3) will be too small 
(large). 

 
 

C. THE GENERAL GROWTH BALANCE METHOD 
 
 The general growth balance method proposed by 
Hill (1987), simultaneously estimates the completeness 
of death reporting  and  the  relative  completeness of  
enumeration in the two censuses. It is assumed that 
the completeness of enumeration in the two censuses, 
like completeness of death reporting, is independent of 
age. 
 
 To apply this method, equation (3) above can be 
rewritten in the form 
 
 N(x) - [P2(x+) - P1(x+)] = D(x+) (8) 
 
and each side of the equation can be divided by the 
number of person years lived during the intercensal 
period by persons aged x and over (PYL(x+)).  Person 
years lived may be approximated in various ways, but 
for the present purposes it is necessary to use the 
geometric mean formula 
 
 PYL(x+) = t[P1(x+)P2(x+)]0.5 (9) 
 
where t denotes the length of the interval between the 
two censuses.  Dividing through by PYL(x+), reduces 
equation (8) to:  
 
  n(x) - r(x+) = d(x+), (10) 
 
where,      n(x) = N(x)/PYL(x+)  (11) 
 
denotes the rate at which persons enter the population 
group aged x and over, and 
 
 r(x+) = [P2(x+) - P1(x+)]/PYL(x+) (12) 
 
denotes the growth rate of the population aged x and 
over, and 
 
              d(x+) = D(x+)/PYL(x+) (13) 
 
is the death rate of the population aged x and over. 
 

 Formula (12) is equivalent to the standard formula 
for calculating the growth rate of a population, 
(ln[P2(x+)/P1(x+)]/t) if PYL(x+) is calculated by 
exponential interpolation between P2(x+) and P1(x+). 
The use of formula (9) to compute person years lived 
requires that the same denominator be used in (12) as 
in (11) and (13), however, otherwise the identity will 
not be preserved.  The difference between the two 
approximations for person years lived is generally 
quite small. 
  
 These equations are not immediately useful 
because the terms refer to true rather than observed 
quantities.  To obtain an equation containing observed 
quantities,  let  k1 and  k2  denote the completeness of 
enumeration at the first and second censuses, 
respectively, and let c denote the completeness of 
reporting of deaths.  In view of the uniformity 
assumptions, the result is the following: 
 
  P*1(x+) = k1P1(x+) (14a) 
 
  P*2(x+) = k2P2(x+) (14b) 
 
  D*(x+) = cD(x+) (14c) 
 
for all x, where P*1(x+) denotes the observed value of 
P1(x+), P*2(x+) the observed value of P2(x+) and  
D*(x+) the observed value of D(x+). From this it 
follows that 
 
  P1 (x+) = P*1 (x+)/k1 (15a) 
 
  P2 (x+) = P*2 (x+)/k2 (15b) 
 
  D(x+) = D*(x+)/c (15c) 
 
for all x. 
 
 Now substitute the expressions on the right in 
(15a-c) in equations (4), (9) and (11-13) above and 
manipulate as indicated below in formulas (16-21) to 
arrive at formula (22), which contains only the 
observed values and parameters. 
 
 Substitution in formula (4) gives 
  
 N(x) =0.2t{[P*1(x-5,5)/k1][P*2(x,5)/k2]}0.5 
 
 = 0.2t{[(P*1(x-5,5)P*2(x,5)]/[k1k2]}0.5 
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 = 0.2 t[(P*1(x-5,5)P*2(x,5)]0.5/[k1k2]0.5 
 
 = N*(x)/[k1k2]0.5, (16) 
 
where N*(x) denotes the number of persons reaching 
exact age x during the intercensal period  calculated 
from the observed population numbers P*1(x-5,5) and 
P*2(x,5). 

 
Substitution in formula (9) and similar 

manipulation gives 
 
 PYL(x+) = PYL*(x+)/[k1k2]0.5 (17) 
 
where PYL*(x+) denotes persons years lived by the 
population aged x and over during the intercensal 
period calculated from the observed age distributions. 
 
 From formulas (11), (16) and (17) it can be seen 
that, subject to the uniformity assumptions, the entry 
rate n*(x) = N*(x)/PYL*(x+) calculated from the 
observed age distributions equals the true rate n(x), 
 
  n(x) = n*(x) (18) 
 
because the  [k1k2]0.5 terms cancel out on division. 
 
 For the growth rate r(x+), substitution in formula 
(12) and manipulation gives 
 
 (1/t)ln{[P*2(x+)/P*1(x+)][k1 /k2]}  
 
  = (1/t)ln[P*2(x+)/P*1(x+)]  
 
  + (1/t)ln(k1 /k2) 
 
so that 
 
 r(x+) = r*(x+) + (1/t)ln(k1/k2) (19) 
 
where r*(x+) denotes the growth rate of the 
population aged x and over calculated from the 
observed age distributions. 
 
 Substitution in formula (13) and manipulation 
gives 
 
 d(x+) = D(x+)/PYL(x+) 
 
  = [D*(x+)/c]/[PYL*(x+)/(k1k2)0.5] 
 

  = [D*(x+)/PYL*(x+)][(k1k2)0.5/c] 
 
  = d*(x+)[(k1k2)0.5/c] (20) 
 
where d*(x+) denotes the death rate for the population 
aged x and over as calculated from the observed 
numbers of persons and deaths. 
 
 Substituting the expressions for n(x), r(x+) and 
d(x+) given by formulas (18),  (19) and (20), 
respectively, in the rate form of the balancing equation 
(10) and now gives 
 
 n(x) - [r*(x+) + (1/t)ln(k1/k2)] = 
 
  = d*(x+)[(k1k2)0.5/c] (21) 
 
and rearranging terms gives 
 
 n*(x) - r*(x+) = a + bd*(x+) (22) 
 
where 
 
  a =  ln(k1 /k2)]/t (22a) 
 
and 
 
  b = (k1k2)0.5/c. (22b) 
 
Equation (22) contains only the observable quantities 
n*(x), r*(x+) and d*(x+) and the parameters c, k1, 
and k2. 
 
 To estimate values for c, k1, and k2 a straight line 
is fitted to the points 
 
 (n*(x) - r*(x+), d*(x+)) (23) 
 
to obtain values for the  intercept a and the slope b.  
The ratio k1/k2 is then calculated by inverting formula 
(22a)  
 
  k1/k2 = exp(ta). (24) 
 
 It is not possible to estimate k1 and k2 individually 
because there is no way to distinguish the situation in 
which both censuses and deaths are under-reported by 
precisely the same amount from the situation in which 
both censuses and deaths are completely reported.  
This is not generally problematic since our aim in the 
present context is usually to compute death rates, in 
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which equal under-reporting in both censuses and 
deaths cancel out. 
 
 To calculate completeness of death reporting c, 
however, a value for the product k1k2 in the formula 
 
  c = (k1k2)0.5/b, (25) 
 
which follows from (22b), is needed.  A convenient 
way to proceed is to ascertain which of the two k 
values is larger, arbitrarily set this value equal to one, 
and then determine the other k value by their ratio.  
Thus if k1/k2 > 1, then k1 > k2 then  
 
 k1 = 1 and k2 = 1/(k1/k2) (25a)  
 
If k1/k2 < 1, then k1 < k2 and we put  
 
 k2 = 1 and k1 = k1/k2. (25b) 
 
The product k1k2 is calculated as the product of these 
values.  
 
 

D. SIMPLE GROWTH BALANCE METHOD 
APPLICATION: JAPAN, FEMALES, 1960-1970 

 
 As in the case of census survival methods, an 
example is presented using very high quality data both 
as an illustration and as a test of the method. Census 
age distributions for females enumerated in the 1960 
and 1970 censuses of Japan are used.  Both censuses 
had a reference date of 1 October. Intercensal deaths 
are available from vital registration data.  The data 
available online from the Berkeley Mortality Database 
(http://demog.berkeley.edu/wilmoth/mortality/) 
include, in addition to annual deaths, deaths during the 
last quarter of each year as well, allowing an exact 
calculation of numbers of intercensal deaths. 
 
 Table II.1 presents the results of applying the 
simple growth balance method calculations to Japan.  
Detailed calculations follow the methods and formulas 
derived in section B and step by step guidance is 
provided in the notes to table II.1.  The ratios in 
column 11 vary only slightly, with a median of 0.987. 
This suggests that the registration of deaths is 98.7 
per cent complete and that deaths need to be adjusted 
upwards by 1.3 per cent.  Because the simple growth 
balance method is designed for use in situations in 
which under-reporting is much higher than the level 

found for Japan females, the method can be tested by 
applying the method to the synthetic data in annex 
table II.1, to determine the performance of the method 
under “perfect” data reporting conditions.  The 
synthetic data represent approximately the same level 
of mortality as that of Japan.  The application of the 
method to the synthetic data results in an adjustment 
factor of 1.0004, thus suggesting that the growth 
balance method performs well under conditions where 
the reporting of deaths is close to complete - - as is 
the case for Japan.  Although the simple growth 
balance method suggests that the reporting of deaths 
for Japan is fairly complete, the general growth 
balance method is applied to the same data to assess 
whether our results were biased by differential 
completeness of the Japanese censuses. 
  

E. GENERAL GROWTH BALANCE METHOD 

APPLICATION: JAPAN, FEMALES:1960-1970 
 

 Table II.2 shows the results of applying the 
general  growth  balance  method  to  the  data.  The 
calculations follow the formulas developed in the 
preceding section, and are detailed in the notes to the 
table. Figure II.1 shows the scatter plot and residual 
plot of the (x,y) points d(x+) and n(x)-r(x+) for x = 5, 
10, .… These values are shown in the last two 
columns of table II.2.  The procedure for fitting the 
line is presented in annex III. 
 
 The observed data points fall closely along the 
fitted line.  The residual plot shows that the last two 
points are outliers, with values relatively far below the 
fitted line. The intercept and slope of the fitted line are 
a = 0.00007 and slope b = 1.0070. From the 
intercept, calculate, using formula (24), 
 

 k1/k 2 = exp(10Η0.00007) = 1.0007. 

 
Since k1/k2 is greater than one, k1 is bigger than k2 
and  
 
  k1 = 1 
and 
 
 k2 = 1/(k1/k2) 
 
  = 1/1.0007 
  = 0.9993, 
 
indicating that the 1970 census achieved a slightly less 
complete enumeration than the 1960 census. To adjust 
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the 1970 census counts to the same level of 
completeness as the 1960 counts, based on these 
results, it is necessary to divide the 1970 counts by 
0.9993, i.e., increase them by about 0.07 per cent. 
 
 The implied completeness of death reporting, 
from formula (25), is then 
 
  c = (k1k2)0.5/b = 0.9930, 
 
where, from the preceding paragraph, 
 
  k1k2 = 0.9993, 
 
suggesting that intercensal deaths are under-registered 
by 0.7 per cent compared to the 1.3 per cent 
estimated by the simple growth balance method. 
 
 The general growth balance method estimates a 
very slight relative underenumeration in the 1970 
census, but mortality is so low that even this slight 
underenumumeration creates the appearance of many 
more intercensal deaths and a much higher level of 
under-registration than is really the case.  
 

F. SIMPLE GROWTH BALANCE METHOD 
APPLICATION: ZIMBABWE, 

FEMALES, 1982-1992 
 
 Tables II.3 and II.4 show the results of the 
application of the simple growth balance method to 
census and vital registration data for Zimbabwe.  As a 
preliminary step, table II.3 shows the calculation of 
estimated intercensal registered deaths.  
 
 Death registration data for Zimbabwe are available 
for 1982, 1986 and 1990-1992.  Intermediate 
calculations are therefore required to obtain an 
estimate of the deaths that would have been registered 
over the entire intercensal period. First, it is necessary 
to estimate registered deaths for 1983-1985 as the 
average of registered deaths in 1982 and 1986 and 
registered deaths for 1987-1989 as the average of 
registered deaths for 1986 and 1990.  Intercensal 
deaths are then estimated as the sum of deaths in the 
years 1983-1991, (1-0.630) times deaths in 1982 and 
0.630 times deaths in 1992.  The factor (1-0.630) 
represents the interval between the 1982 census and 
the end of calendar year 1982. The factor 0.630 
represents the interval between the beginning of 
calendar year 1992 and the 1992 census. The fraction 

0.630 is the decimal equivalent of 18 August, the 
reference date for both 1982 and 1992 censuses.  The 
procedure for translating dates into decimal fractions 
of a year is described in annex 1. 
 
 Table II.4 shows the results of the application of 
the simple growth balance method for Zimbabwe. The 
growth balance calculations indicate an overall 
completeness of death registration for the intercensal 
period of 35.9 per cent.  The plot of the ratios of 
reported to estimated deaths c(x) by age is shown in 
figure II.2. The ratio for age x=5 is a clear outlier.  
The remaining points mostly fall in the range of 0.3 to 
0.4.  In an intensive analysis it would be desirable to 
explain the clear pattern of rise and fall in c(x) values 
with increasing age.  In the present context, however, 
the variation can be accepted as the range of possible 
error in estimated completeness. 
 
 Table II.5 shows a life-table for the intercensal 
period calculated from adjusted deaths.  Calculations 
are based on standard life table techniques and are 
detailed in the notes to the table. 
 
 It should be noted that small variations in the 
completeness of death registration have a relatively 
small effect on the estimated expectation of life at age 
5 years.  A 10 per cent lower completeness of death 
registration, for example, decreases the estimated e5 
from 61.3 to 59.9 years, a drop of only 2.3 per cent. 
Conversely, a 10 per cent higher completeness 
increases e5 from 61.3 to 62.6 years, an increase of 
only 2.1 per cent. 

 
G.  GENERAL GROWTH BALANCE METHOD 

APPLICATION:  ZIMBABWE, 
FEMALES, 1982-1992 

 
 The results of the application of the general 
growth balance method to data for females 
enumerated in the Zimbabwe census for 1982-1992 
are presented in tables II.6 through II.9 and in figure 
II.3.  Table II.6 shows the preliminary calculations, 
with the points d(x+),and n(x+)-r(x+) given in 
columns 13 and 14.  Table II.7 shows calculations for 
obtaining the slope and intercept of the fitted line and 
the values for the parameters k1,  k2 and c.  The 
procedure used for fitting the line is described in 
annex III.  Figure II.3 shows the data points, fitted 
line, and residuals. Table II.8 calculates the adjusted 
age-specific death rates for the intercensal period, 
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adjusting both the intercensal deaths and the census 
age distributions.  Table II.9 presents the life-table 
calculated from the adjusted intercensal death rates. 
 
 The intercept and slope of the fitted line are  a = 
0.00268 and b = 2.229, respectively.  From the 
intercept, calculate, using formula (24), 
 
 k1/k 2 = exp(10Η0.00268) = 1.0272. 
 
Since k1/k2 is greater than one, k1 is bigger than k2 set 
k1 = 1 and k2 = 1/1.0272 = 0.9735. The implied 
completeness of death reporting, from formula (25), is 
then 
 
 c = (k1k2)0.5/b = 0.443. 
 

The estimated completeness of death registration is 
thus 44.3 per cent, as compared with 35.9 per cent 
from the simple growth balance method. 
 
 In table II.8 the calculation of adjusted intercensal 
death rates is complicated by the need to adjust for the 
completeness of the census count and for the 
completeness of death registration.  In this case the 
numbers of persons in each age group at the second 
census are divided by k2=0.9735 to adjust for the 
estimated lesser completeness of enumeration in the 
1992 census. Estimated registered deaths for the 
intercensal period are also divided by c=0.443 to 
adjust for incomplete death registration.  Death rates 
are then calculated in the usual way from the adjusted 
numbers of deaths and person years lived computed 
from the two-census age distributions. Table II.9 
shows a life-table calculated from the adjusted death 
rates. 

 



TABLE II.1. SIMPLE GROWTH BALANCE   METHOD APPLIED TO JAPAN, FEMALES, 1960-1970 

Age 
group Age 

Census population 
          ________________ 

Deaths in 
intercensal 

period 
Population aged 

x+ in 1960 

Population 
aged x+ in 

1970 

Number of 
persons 

reaching age x 

Estimated deaths 
from age 

distribution 
Deaths from 
registration 

Ratio of reported 
to estimated 

deaths 
Adjusted 
deaths 

Adjusted 
death rate 

  
1960a 

P1(x,5) 
1970b 

P2(x,5) D(x,5) P1(x+) P2(x+) N(x) D(x+) D*(x+) 
D*(X+)/ 
D(x+) 

  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

             
0-4 0 3,831,870 4,292,503 184,456 47,540,899 52,802,276 NA NA 3,163,894 NA 186,886 0.00461 
5-9 5 4,502,304 3,988,292 18,690 43,709,029 48,509,773 7,818,597 3,017,853 2,979,438 0.987 18,936 0.00045 

10-14 10 5,397,061 3,852,101 14,762 39,206,725 44,521,481 8,329,065 3,014,309 2,960,748 0.982 14,956 0.00033 

15-19 15 4,630,775 4,492,096 24,849 33,809,664 40,669,380 9,847,663 2,987,947 2,945,986 0.986 25,176 0.00055 
20-24 20 4,193,184 5,347,327 39,171 29,178,889 36,177,284 9,952,340 2,953,945 2,921,137 0.989 39,687 0.00084 
25-29 25 4,114,704 4,571,868 45,996 24,985,705 30,829,957 8,756,868 2,912,616 2,881,966 0.989 46,602 0.00107 
30-34 30 3,770,907 4,190,340 52,681 20,871,001 26,258,089 8,304,700 2,917,612 2,835,970 0.972 53,375 0.00134 

35-39 35 3,274,822 4,085,338 63,353 17,100,094 22,067,749 7,849,950 2,882,295 2,783,289 0.966 64,187 0.00175 
40-44 40 2,744,786 3,674,127 76,826 13,825,272 17,982,411 6,937,467 2,780,328 2,719,936 0.978 77,838 0.00245 
45-49 45 2,559,755 3,198,934 99,895 11,080,486 14,308,284 5,926,344 2,698,546 2,643,110 0.979 101,211 0.00354 
50-54 50 2,160,716 2,648,360 135,676 8,520,731 11,109,350 5,207,361 2,618,742 2,543,215 0.971 137,463 0.00575 

55-59 55 1,839,025 2,382,691 176,369 6,360,015 8,460,990 4,537,981 2,437,006 2,407,539 0.988 178,692 0.00854 
60-64 60 1,494,043 1,970,485 233,002 4,520,990 6,078,299 3,807,241 2,249,932 2,231,170 0.992 236,071 0.01376 
65-69 65 1,133,409 1,584,699 314,309 3,026,947 4,107,814 3,077,407 1,996,540 1,998,168 1.001 318,449 0.02376 

70-74 70 870,238 1,172,155 404,578 1,893,538 2,523,115 2,305,238 1,675,661 1,683,859 1.005 409,907 0.04059 
75+ 75 1,023,300 1,350,960 1,279,281 1,023,300 1,350,960 NA NA 1,279,281 NA 1,296,131 0.11024 

            
Total  47,540,899 52,802,276 3,163,894     NA 3,205,567  

        Median 0.987   
       0.5 Interquartile range 0.005   
        Per cent  0.5   

 

   
  Source: Population age distribution for 1960 and 1970  from: Japan Statistical Association (1987) Historical Statistics of Japan, volume 1, tables 2-9, 
 pp. 66-83.  
 a Reference date: 1 October 1960 
  b Reference date: 1 October 1970 



Procedure 
 

Columns 1-5. Record the population age distribution at the two censuses 
and intercensal deaths as shown in table II.1.  Intercensal deaths by age 
were calculated from files in Berkeley Mortality Data Base, 
http://demog.berkeley.edu/wilmoth/mortality/. 
 
Columns 6-7. Cumulate the population age distributions and intercensal 
deaths from bottom-up to give the numbers of persons aged x and over at 
the first and second census. 
 
Column 8. Compute the number of persons reaching exact age x during the 
intercensal period using the formula 
 

 N(x) = t0.2[P1(x-5,5)P2(x,5)]0.5, (4) 
 
where x = 5, 10, .... 
 
Column 9. Compute the estimated number of deaths of persons aged x and 
over from the input age distributions using the formula 

 
 D(x+) = P1(x+)+ N(x) - P2(x+), (3) 

 
x = 5, 10, .... 
 
Column 10. Enter the deaths by age from civil registration source. 
 
Column 11. Compute the ratio of reported to estimated deaths, 
 

 c(x) = D*(x+)/D c(x+). (5) 
 
for ages x = 5, 10, .... 
 
Column 12. Calculate the adjusted deaths by dividing the registered 
intercensal deaths in column 5 by the estimated median ratio in column 11. 
 
Column 13.  Calculate the adjusted death rate by dividing the adjusted 
deaths by person years lived at each age. 



TABLE II.2. GENERAL GROWTH BALANCE METHOD APPLIED TO JAPAN, FEMALES, 1960-1970 

Age 
group Age 

 
Census population 

 
1960 a                  1970 b 

Deaths in 
intercensal 

period 

Population 
aged x+ in  

1960 

Population 
aged x+ in  

1970 

Deaths 
above 
age x 

Person 
years lived 
above age x 

Number of 
persons 

reaching 
age x 

Entry rate 
into age 

x and 
over 

Growth 
rate of 

population 
aged x 

Death  
rate 

above 
age x 

Difference 
between entry 
and growth  

rate over age x 
 x P1(x,5) P2(x,5) D(x,5) P1(x+) P2(x+) D(x+) PYL(x+)  N(x) n(x+)  r(x+) d(x+)  n(x+) -r(x+) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 

              
0-4 0 3,831,870 4,292,503 184,456 47,540,899 52,802,276 3,163,894 501,025,715 NA NA 0.01050 0.00631 NA 
5- 9 5 4,502,304 3,988,292 18,690 43,709,029 48,509,773 2,979,438 460,468,791 7,818,597 0.01698 0.01043 0.00647 0.00655 

10-14 10 5,397,061 3,852,101 14,762 39,206,725 44,521,481 2,960,748 417,796,776 8,329,065 0.01994 0.01272 0.00709 0.00721 
15-19 15 4,630,775 4,492,096 24,849 33,809,664 40,669,380 2,945,986 370,812,361 9,847,663 0.02656 0.01850 0.00794 0.00806 

20-24 20 4,193,184 5,347,327 39,171 29,178,889 36,177,284 2,921,137 324,901,978 9,952,340 0.03063 0.02154 0.00899 0.00909 
25-29 25 4,114,704 4,571,868 45,996 24,985,705 30,829,957 2,881,966 277,544,269 8,756,868 0.03155 0.02106 0.01038 0.01049 
30-34 30 3,770,907 4,190,340 52,681 20,871,001 26,258,089 2,835,970 234,100,962 8,304,700 0.03547 0.02301 0.01211 0.01246 
35-39 35 3,274,822 4,085,338 63,353 17,100,094 22,067,749 2,783,289 194,257,711 7,849,950 0.04041 0.02557 0.01433 0.01484 
40-44 40 2,744,786 3,674,127 76,826 13,825,272 17,982,411 2,719,936 157,674,260 6,937,467 0.04400 0.02637 0.01725 0.01763 
45-49 45 2,559,755 3,198,934 99,895 11,080,486 14,308,284 2,643,110 125,913,756 5,926,344 0.04707 0.02563 0.02099 0.02143 
50-54 50 2,160,716 2,648,360 135,676 8,520,731 11,109,350 2,543,215 97,293,259 5,207,361 0.05352 0.02661 0.02614 0.02692 

55-59 55 1,839,025 2,382,691 176,369 6,360,015 8,460,990 2,407,539 73,356,679 4,537,981 0.06186 0.02864 0.03282 0.03322 
60-64 60 1,494,043 1,970,485 233,002 4,520,990 6,078,299 2,231,170 52,421,302 3,807,241 0.07263 0.02971 0.04256 0.04292 
65-69 65 1,133,409 1,584,699 314,309 3,026,947 4,107,814 1,998,168 35,262,069 3,077,407 0.08727 0.03065 0.05667 0.05662 
70-74 70 870,238 1,172,155 404,578 1,893,538 2,523,115 1,683,859 21,857,754 2,305,238 0.10547 0.02880 0.07704 0.07666 

75+ 75 1,023,300 1,350,960 1,279,281 1,023,300 1,350,960 1,279,281 11,757,710 NA NA 0.02787 NA NA 
              

Total  47,540,899 52,802,276 3,163,894          

 
  
 Source: Population age distribution for 1960 and 1970 from: Japan Statistical Association (1987) Historical Statistics of Japan, volume 1, tables 2-9, pp. 66-83. 

 a Reference date: 1 October 1960 
b Reference date: 1 October 1970 



 
Procedure 
 
Columns 1-5. Enter input data from columns 1-5 of table II.1. 
 
Columns 6-8. Cumulate input age distributions and intercensal deaths from 
bottom to give numbers of persons aged x and over at the first and second 
census, and numbers of deaths to persons aged x and over during the 
intercensal period. 
 
Column 9. Compute the number of person years lived by the population aged 
x and over using the formula 
 

 PYL(x+) = t[P1(x+)P2(x+)]0.5 (9) 
 
 x = 0, 5, 10, .... 
 
Column 10. Compute the number of persons reaching exact age x during the 
intercensal period using the formula 
 

 N(x) = t0.2[P1(x-5,5)P2(x,5)]0.5, (4) 
 
x = 5, 10, .... 
 
 

 
Column 11. Compute the entry rate n(x+) into the population aged x and over by 
dividing N(x) by the number of person years lived by the population aged x and 
over, PYL(x+). 
 
Column 12. Compute the growth rates of the population aged x and over using the 
formula 
 

 r(x+) = [P2(x+) - P1(x+)]/PYL(x+) (12) 
 
 x = 0, 5, 10, ..., where P1(x+) and P2(x+) denote the observed numbers of persons 
aged x and over at the first and second censuses, respectively. 
 
Column 13. Compute the death rate d*(x+) for the population aged x and over by 
dividing D(x+) by the number of person years lived by the population aged x and 
over, PYL(x+). 
 
Column 14.  Compute  n(x) - r(x+)  using the values for  n(x) and  r(x+) 
 in columns 11 and 12, respectively. Columns 13 and 14 give the x and y  
points, respectively, for fitting a line to estimate the constant a and slope b of the 
equation 

 n*(x) - r*(x+) = a + bd*(x+) (22)

 
 



TABLE II.3. ESTIMATION OF INTERCENSAL REGISTERED DEATHS, 
ZIMBABWE, FEMALES, 1982-1992 

 
Registered deaths 

 
 
 
 

Age 
group 1982 1986 1990 1991 1992 

 
Estimated 

total deaths in  
intercensal 

period 
(1) (2) (3) (4) (5) (6) (7) 

       
0-4 3,135 3,276 4,532 5,288 6,247 39,520 
5-9 216 219 299 300 385 2,570 

10-14 166 171 233 257 301 2,024 
15-19 209 232 498 525 627 3,484 

20-24 274 322 665 846 1,158 5,038 
25-29 298 335 706 922 1,244 5,368 

30-34 250 311 692 856 1,322 5,130 
35-39 242 305 606 785 1,177 4,714 

40-44 273 345 558 716 935 4,591 
45-49 214 305 482 584 705 3,853 

50-54 355 389 619 662 786 4,925 
55-59 233 345 455 559 559 3,864 

60-64 468 517 755 814 900 6,212 
65-69 276 396 496 546 549 4,232 

70-74 303 367 733 769 933 5,224 
75+ 517 709 913 1,007 1,155 7,820 

       

Total 7,429 8,544 13,242 15,436 18,983 108,569 

 

 Source:  Registered deaths for 1982 from: United Nations (1985). Demographic Yearbook , table 26, 
pp. 534-535.  Registered deaths for 1990-1992 from: unpublished data at the Central Statistical Office, 
Harare, Zimbabwe. 

NOTE: The estimated total deaths in the intercensal period (column 7), is the sum of the fraction of 
1982 deaths that occurred during the intercensal period i.e. (1-0.630) multiplied by 7429, plus all deaths 
occurring between 1983 and 1991, plus the fraction of 1992 deaths, that occurred in the intercensal period; 
i.e. 0.630 * 18,983. Deaths for 1987-1989 are assumed to be an average of the 1986 and 1990 deaths. 



TABLE II.4.  SIMPLE GROWTH BALANCE  METHOD APPLIED TO ZIMBABWE, FEMALES, 1982-1992 

Age 
group Age 

 
Census population 

 

Deaths in 
intercensal 

period 
Population aged 

x+ in 1982 

Population 
aged x+ in 

1992 

Number of 
persons 

reaching age x 

Estimated deaths 
from age 

distribution 
Deaths from 
registration 

Ratio of reported 
to estimated 

deaths 
Adjusted 
deaths 

Adjusted 
death rate 

  
1982a 

P1(x,5) 
1992b 

P2(x,5) D(x,5) P1(x+) P2(x+) N(x) D(x+) D*(x+) 
D*(x+)/ 
D(x+) 

  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

             
0-4 0 666,513 798,430 39,520 3,827,849 5,329,009 NA NA 108,569 NA 110,084 0.01509 
5-9 5 620,383 835,296 2,570 3,161,336 4,530,579 1,492,294 123,051 69,048 0.561 7,159 0.00099 

10-14 10 519,647 734,331 2,024 2,540,953 3,695,283 1,349,913 195,583 66,478 0.340 5,637 0.00091 
15-19 15 413,331 634,658 3,484 2,021,306 2,960,952 1,148,561 208,915 64,455 0.309 9,704 0.00189 

20-24 20 364,837 524,836 5,038 1,607,975 2,326,294 931,517 213,198 60,971 0.286 14,035 0.00321 
25-29 25 281,551 377,773 5,368 1,243,138 1,801,458 742,497 184,177 55,933 0.304 14,953 0.00458 
30-34 30 207,121 327,407 5,130 961,587 1,423,685 607,229 145,131 50,565 0.348 14,291 0.00549 
35-39 35 170,467 260,436 4,714 754,466 1,096,278 464,507 122,695 45,434 0.370 13,131 0.00623 

40-44 40 139,774 190,152 4,591 583,999 835,842 360,081 108,238 40,720 0.376 12,787 0.00784 
45-49 45 110,583 143,928 3,853 444,225 645,690 283,672 82,207 36,130 0.439 10,734 0.00851 
50-54 50 91,039 147,839 4,925 333,642 501,762 255,722 87,602 32,276 0.368 13,717 0.01182 

55-59 55 60,906 87,023 3,864 242,603 353,923 178,017 66,697 27,352 0.410 10,764 0.01479 
60-64 60 65,374 84,499 6,212 181,697 266,900 143,478 58,275 23,487 0.403 17,303 0.02328 
65-69 65 38,928 51,075 4,232 116,323 182,401 115,568 49,490 17,276 0.349 11,788 0.02644 
70-74 70 30,553 62,691 5,224 77,395 131,326 98,802 44,871 13,044 0.291 14,551 0.03325 

75+ 75 46,842 68,635 7,820 46,842 68,635 NA NA 7,820 NA 21,783 0.03842 
             

Total  3,827,849 5,329,009 108,569       302,421  
       Median estimated completeness 0.359   

       0.5 Interquartile range 0.040   
        Per cent  11.1   

   
                   Source: Population age distribution for 1982 and 1992 from:http://www.census.gov/ipc/www/idbprint.html. See also, for the 1992 census: Central 
  Statistical Office (n.d.) Census 1992: Zimbabwe National Report, Harare, Zimbabwe, table A1.2, p.9 and p. 177.  For the 1982 census see United 
  Nations (1988) Demographic Yearbook , table 7, pp. 252-253. Intercensal deaths by age from: http://demog.berkeley.edu/wilmoth/mortality. 
 a Reference date: 18 August 1982 
 b Reference date: 18 August 1992 
 



     Procedure 
 
Columns 1-5. Record the population age distribution at the two censuses 
and intercensal deaths as shown in table II.4.  Intercensal deaths by age 
were calculated from files in Berkeley Mortality Data Base, 
http://demog.berkeley.edu/wilmoth/mortality/. 
 
Columns 6-7. Cumulate the population age distributions and intercensal 
deaths from bottom-up to give the numbers of persons aged x and over at 
the first and second censuses. 
 
Column 8. Compute the number of persons reaching exact age x during the 
intercensal period using the formula 
 

 N(x) = t0.2[P1(x-5,5)P2(x,5)]0.5, (4) 
 
where x = 5, 10, . ... 
 
Column 9. Compute the estimated number of deaths of persons aged x and 
over from the age distributions using the formula 
 

 D(x+) = P1(x+)+ N(x) - P2(x+), (3) 
 

x = 5, 10, .... 
 
Column 10. Enter the deaths by age from civil registration source. 
 
Column 11. Compute the ratio of reported to estimated deaths using 
 

 c(x) = D*(x+)/D c(x+). (5) 
 
for ages x = 5, 10, .... 
 
Column 12. Calculate the adjusted deaths by dividing the intercensal deaths 
in column 5 by the median estimated completeness (column 11). 
 
Column 13. Calculate the death rate, adjusted for under registration, by the 
dividing adjusted deaths in column 12 by the number of person years lived 
in the corresponding age group.  This is calculated as the length of the 
intercensal period times the geometric mean of the number of persons in the 
age group at the beginning and end of the period. 



TABLE II.5. LIFE-TABLE FOR ZIMBABWE : FEMALES, 1982-1992, BASED ON ADJUSTED DEATHS 

Age 
group 

Age specific 
death rate Age 

Probability 
of dying at 

age x 

Survivors 
at age 

x 

Person years 
lived between 
age x and x+5  

Total person 
years expected 
to be lived at 
above age x 

Life 
expectancy at 

age x 
 5m x x 5qx lx/l5 5Lx/l5 Tx/l5 ex 

(1) (2) (3) (4) (5) (6) (7) (8) 

        
0-4 0.015090 0 NA NA NA NA NA 
5- 9 0.000990 5 0.004962 1.000000 4.9876 61.3114 61.3 

10-14 0.000910 10 0.004560 0.995038 4.9638 56.3238 56.6 

15-19 0.001890 15 0.009495 0.990500 4.9290 51.3599 51.9 
20-24 0.003210 20 0.016180 0.981095 4.8658 46.4309 47.3 
25-29 0.004580 25 0.023165 0.965221 4.7702 41.5652 43.1 
30-34 0.005490 30 0.027832 0.942862 4.6487 36.7949 39.0 

35-39 0.006230 35 0.031643 0.916620 4.5106 32.1462 35.1 
40-44 0.007840 40 0.039984 0.887616 4.3494 27.6357 31.1 
45-49 0.008510 45 0.043475 0.852125 4.1680 23.2863 27.3 

50-54 0.011820 50 0.060900 0.815079 3.9513 19.1183 23.5 
55-59 0.014790 55 0.076789 0.765441 3.6803 15.1670 19.8 
60-64 0.023280 60 0.123593 0.706664 3.3150 11.4867 16.3 
65-69 0.026440 65 0.141557 0.619325 2.8775 8.1718 13.2 

70-74 0.033250 70 0.181322 0.531655 2.4173 5.2943 10.0 
75+ 0.038420 75 1.000000 0.435254 NA 2.8770 6.61 

  
                 Source: Age specific death rates from Table II.4, column 13. 
 
 
Procedure 
 
Columns 1-2. Record ages and age-specific death 
rates for 5-9 and older age groups from column 13 of 
table II.4. 
 
Columns 3-4. Compute life table 5qx values for age 
intervals x = 5, 10, 15 …. 75 using the formula 
 

 5qx = 55mx /[1 - 2.55mx] 
 
Column 5. Compute lx/l5 values by noting that l5/l5=1 
and using the formula 
 

 lx+5 = lx(1-5qx) 

 
  

 
 
Column 6. Compute 5Lx/l5 where : 
 

 5Lx/l5 = 2.5(lx /l5 +lx+5 /l5 ) 
 
Column 7. Based on a preliminary estimate of e0 of 
57.5 years, put e75 = 6.5  years.  Then compute T75/l5 
as e75(l75 /l5). Now compute Tx /l5 using the formula 
 

 Tx-5 /l5 = Tx /l5 + 5Lx/l5, 
 
Column 8. Compute ex for x = 5, 10, ..., 70 using the 
formula 
 
                     ex = (Tx /l5)/(lx /l5) 



TABLE II.6. GENERAL GROWTH BALANCE METHOD APPLIED TO ZIMBABWE, FEMALES, 1982-1992 

Age 
group 

Age Census population 
 

1982a                1992b 

Deaths in 
intercensa l 

period 

Population 
aged x+ in  

1982 

Population 
aged x+ in  

1992 

Deaths above 
age x 

Person 
years lived 
above age x 

Number of 
Persons 
reaching 

age x 

Entry rate into 
age x and 

over 

Growth rate of 
population 

aged x 

Death rate 
above age x 

Difference 
between entry 

and growth rate 
over age x  

  x P1(x,5) P2(x,5) D(x,5) P1(x+) P2(x+) D(x+) PYL(x+)  N(x) n(x+)  r(x+) d(x+)  n(x+) -r(x+) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 

              
0-4 0 666,513 798,430 39,520 3,827,849 5,329,009 108,569 45,164,856 NA NA 0.03324 0.00240 NA 
5-9 5 620,383 835,296 2,570 3,161,336 4,530,579 69,048 37,845,320 1,492,294 0.03943 0.03618 0.00182 0.00325 

10-14 10 519,647 734,331 2,024 2,540,953 3,695,283 66,478 30,642,357 1,349,913 0.04405 0.03767 0.00217 0.00638 
15-19 15 413,331 634,658 3,484 2,021,306 2,960,952 64,455 24,464,239 1,148,561 0.04695 0.03841 0.00263 0.00854 
20-24 20 364,837 524,836 5,038 1,607,975 2,326,294 60,971 19,340,689 931,517 0.04816 0.03714 0.00315 0.01102 
25-29 25 281,551 377,773 5,368 1,243,138 1,801,458 55,933 14,964,828 742,497 0.04962 0.03731 0.00374 0.01231 
30-34 30 207,121 327,407 5,130 961,587 1,423,685 50,565 11,700,414 607,229 0.05190 0.03949 0.00432 0.01240 
35-39 35 170,467 260,436 4,714 754,466 1,096,278 45,434 9,094,528 464,507 0.05108 0.03758 0.00500 0.01349 
40-44 40 139,774 190,152 4,591 583,999 835,842 40,720 6,986,636 360,081 0.05154 0.03605 0.00583 0.01549 
45-49 45 110,583 143,928 3,853 444,225 645,690 36,130 5,355,667 283,672 0.05297 0.03762 0.00675 0.01535 
50-54 50 91,039 147,839 4,925 333,642 501,762 32,276 4,091,563 255,722 0.06250 0.04109 0.00789 0.02141 
55-59 55 60,906 87,023 3,864 242,603 353,923 27,352 2,930,235 178,017 0.06075 0.03799 0.00933 0.02276 
60-64 60 65,374 84,499 6,212 181,697 266,900 23,487 2,202,156 143,478 0.06515 0.03869 0.01067 0.02646 
65-69 65 38,928 51,075 4,232 116,323 182,401 17,276 1,456,620 115,568 0.07934 0.04536 0.01186 0.03398 
70-74 70 30,553 62,691 5,224 77,395 131,326 13,044 1,008,165 98,802 0.09800 0.05349 0.01294 0.04451 

75+ 75 46,842 68,635 7,820 46,842 68,635 7,820 567,010 NA NA 0.03843 NA NA 
              

Total  3,827,849 5,329,009 108,569          

 

        Source: Population age distribution for 1982 and 1992 from:http://www.census.gov/ipc/www/idbprint.html. See also, for the 1992 census: Central Statistical 
Office (n.d.) Census 1992: Zimbabwe National Report, Harare, Zimbabwe, table A1.2, p.9 and p. 177.  For the 1982 census see United Nations (1988) 
Demographic Yearbook , table 7, pp. 252-253. Intercensal deaths by age from: http://demog.berkeley.edu/wilmoth/mortality. 
a Reference date: 18 August 1982 
b Reference date: 18 August 1992 
 



Procedure 
 
Columns 1-5. Enter census age distributions and intercensal deaths as shown in 
Table II.6. 
 
Columns 6-8. Cumulate input age distributions and intercensal deaths from 
bottom to give the numbers of persons aged x and over at the first and second 
censuses, and the numbers of deaths to persons aged x and over during the 
intercensal period. 
 
Column 9. Compute the number of person years lived by the population aged x 
and over using the formula 

 
 PYL(x+) = t[P1(x+)P2(x+)]0.5 (9) 

 
 x = 0, 5, 10, .... 
 
Column 10. Compute the number of persons reaching exact age x during the 
intercensal period using the formula 
 

 N(x) = t0.2[P1(x-5,5)P2(x,5)]0.5 (4) 
 
x = 5, 10, .... 

 
Column 11. Compute the entry rate n(x+) into the population aged x and over by 
dividing N(x) by the number of person years lived by the population aged x and 
over, PYL(x+). 
 
Column 12. Compute the growth rates of the population aged x and over using 
the formula 
 

 r(x+) = [P2(x+) - P1(x+)]/PYL(x+) (12) 
 
 x = 0, 5, 10, ..., where P1(x+) and P2(x+) denote the observed numbers of 
persons aged x and over at the first and second censuses, respectively. 
 
Column 13. Compute the death rate d*(x+) for the population aged x and over by 
dividing D(x+) by the number of person years lived by the population aged x and 
over, PYL(x+). 
 
Column 14.  Compute  n(x) - r(x+)  using the values for  n(x) and  r(x+) 
 in columns 11 and 12, respectively. Columns 13 and 14 give the x and y  
points, respectively, for fitting a line to estimate the constant a and slope b of the 
equation 
 

 n*(x) - r*(x+) = a + bd*(x+)  (22)



TABLE II.7. GENERAL GROWTH BALANCE METHOD APPLIED TO ZIMBABWE, FEMALES, 1982-1992: 
  FITTING A STRAIGHT LINE TO THE DATA POINTS 

 

Index Age(x) x-point y-point 
Intercepts 

y-bx Slopes 
y-fitted 
a+bx 

Residuals 
y-(a+bx) 

Per cent 
deviation 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

         

1 5 0.00182 0.00325 -0.00082 0.313 0.00675 -0.00350 -107.5 
2 10 0.00217 0.00638 0.00155 1.707 0.00752 -0.00113 -17.8 

3 15 0.00263 0.00854 0.00267 2.224 0.00855 -0.00001 -0.2 
4 20 0.00315 0.01102 0.00400 2.647 0.00971 0.00132 11.9 
5 25 0.00374 0.01231 0.00398 2.576 0.01101 0.00130 10.5 

6 30 0.00432 0.01240 0.00277 2.250 0.01231 0.00009 0.7 
7 35 0.00500 0.01349 0.00236 2.164 0.01382 -0.00032 -2.4 

8 40 0.00583 0.01549 0.00250 2.198 0.01567 -0.00018 -1.2 
9 45 0.00675 0.01535 0.00031 1.878 0.01772 -0.00237 -15.4 

10 50 0.00789 0.02141 0.00383 2.374 0.02026 0.00115 5.4 
11 55 0.00933 0.02276 0.00196 2.151 0.02349 -0.00072 -3.2 

12 60 0.01067 0.02646 0.00269 2.230 0.02645 0.00001 0.0 
13 65 0.01186 0.03398 0.00754 2.639 0.02912 0.00486 14.3 

14 70 0.01294 0.04451 0.01567 3.233 0.03152 0.01299 29.2 
         

   Median 0.00268 2.227    
  0.5* Interquartile range 0.00094 0.185    

   Per cent  35.1 8.3    

 

 
                                                           Source: Age specific estimates of x and y points from columns 13 and 14 of Table II.6. 



Procedure 
 
Columns 1-4.  Copy age schedule and x and y points from columns 2, 13 
and 14 of table II.6.  Note that the entries for age 5 years are indexed as the 
first record. 
 
Column 5. Calculate the intercepts  y-bx for each point, where b denotes  the 
slope. 
 
Column 6. For each point, calculate the slope of the line connecting each 
point and the point at which the fitted line intersects the y axis.  This slope 
is (y-a)/x, where a denotes the y intercept.  The median of these values will, 
in general, be very close, though not necessarily identical to the slope of the 
fitted line.  Their variation is an indicator of how closely the points conform 
to the fitted line (see details on calculation of slope below). 
 
Columns 7-9. Calculate the fitted y value, a+bx, for each point (column 7), 
the residual, y-(a+bx) (column 8) and the residual as a per cent of the 
observed y value (column 9). 
 
Calculation of adjustment factors.  Calculate k1, k2 and c from a and b using 
formulas (24-26). 
 
Calculation of error indicators.  The error indicator for the intercept a is 
one half the interquartile range of the intercepts in column 5. The error 
indicator for the slope is taken to be one half the interquartile range of the 
slopes in column 6. The error indicator for the ratio k2/k1 is calculated as 
one half the absolute value of the difference between the ratio calculated 
from the intercept minus its error indicator and the ratio calculated from 
intercept plus its error indicator. The same procedure is used to calculate the 
error indicators for k1 and k2. The error indicator for c  is calculated as one 
half the absolute value of the difference between c, calculated using the 
ratio k2/k1, plus its error indicator divided by the slope b minus its error 
indicator and the ratio k2/k1 minus its error divided by the slope b plus its 
error indicator.  

 
 
 

Calculation of Slope 
 

Group Median Median  

Of Points  x-point y-point  
Lower 3rd  0.00263 0.00854  

Upper 3rd 0.01067 0.02646  

Slope 2.229   

    
Calculation of Adjustment Factors 

And Error Indicators 
 

 
Formula 

 
Factor 

Error 
Indicator 

 
Per cent  

 
Slope (b)=[k1*k2)ˆ0.5]/c= 2.229 0.185 8.3 

Intercept=In(k1/k2/t= 0.00268 0.00094 35.1 

t= 10   

k1/k2=exp(t*Intercept)= 1.0272 0.0190 1.9 

k1= 1.0000   

k2= 0.9735   

k1*k2= 0.9735   

c=[(k1*k2)ˆ0.5]/Slope= 0.443 0.074 16.7 

    
    
    

 



TABLE II.8.   GENERAL GROWTH BALANCE METHOD APPLIED TO ZIMBABWE, FEMALES, 1982-1992: 
CALCULATION OF ADJUSTED INTERCENSAL DEATH RATES 

 
 

 
 

Age 
group 

 
Census population 

 
1982              1992 

 
Deaths in 

intercensal 
period 

 
Adjusted population 

 
1982                 1992 

 
Adjusted 

intercensal 
deaths 

Adjusted 
intercensal person 

years lived 

 
Adjusted 

intercensal 
death rate 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

         

0-4 666,513 798,430 39,520 666,513 820,164 89,210 7,393,578 0.012066 
5- 9 620,383 835,296 2,570 620,383 858,034 5,801 7,295,956 0.000795 

10-14 519,647 734,331 2,0 24 519,647 754,320 4,568 6,260,832 0.000730 
15-19 413,331 634,658 3,484 413,331 651,934 7,864 5,190,997 0.001515 
20-24 364,837 524,836 5,038 364,837 539,123 11,373 4,434,997 0.002564 

25-29 281,551 377,773 5,368 281,551 388,056 12,117 3,305,413 0.003666 
30-34 207,121 327,407 5,130 207,121 336,319 11,581 2,639,294 0.004388 

35-39 170,467 260,436 4,714 170,467 267,525 10,641 2,135,514 0.004983 
40-44 139,774 190,152 4,591 139,774 195,328 10,362 1,652,325 0.006271 

45-49 110,583 143,928 3,853 110,583 147,846 8,698 1,278,642 0.006803 
50-54 91,039 147,839 4,925 91,039 151,863 11,116 1,175,817 0.009454 

55-59 60,906 87,023 3,864 60,906 89,392 8,723 737,869 0.011822 
60-64 65,374 84,499 6,212 65,374 86,799 14,022 753,286 0.018614 

65-69 38,928 51,075 4,232 38,928 52,465 9,553 451,924 0.021138 
70-74 30,553 62,691 5,224 30,553 64,398 11,792 443,571 0.026584 

75+ 46,842 68,635 7,820 46,842 70,503 17,652 574,674 0.030717 

   

      Source: Population age distribution for 1982 and 1992 from: http://www.census.gov/ipc/www/idbprint.html. See 
also, for the 1992 census: Central Statistical Office (n.d.) Census 1992: Zimbabwe National Report,  Harare, 
Zimbabwe, table A1.2, p.9 and p. 177.  For the 1982 census see United Nations (1988) Demographic Yearbook , 
table 7, pp. 252-253. Intercensal deaths by age from: http://demog.berkeley.edu/wilmoth/mortality. 
 
 
Procedure 
 
Columns 1-3. Input age distributions from the two 
censuses as shown in Table II.8. 
 
Column 4. Input the reported intercensal deaths as 
shown in column 4. 
 
Column 5. Divide census numbers in column 2 by k1 
to adjust for relative under enumeration. Note: This 
step is necessary only if k1 � 1.  In this case, k1 = 1 so 
values remain unchanged. 
 
Column 6.  Divide census numbers in column 3 by k2 
to adjust for relative under enumeration. Note: This 
step is necessary only if k2 � 1.  In this case k2 = 
0.9735. 
 
 

 
 
 
 
Column 7. Divide the reported deaths in column 4 by 
c to adjust for under-reporting of deaths.  In this case 
c = 0.443. 
 
Column 8.  Calculate the number of person years 
lived in each age group during the intercensal period 
as the length of the period times the geometric mean 
of the adjusted numbers in the age group at the 
beginning and end of the period. 
 
Column 9.  Calculate the age-specific death rates by 
dividing adjusted deaths in column 7 by adjusted 
person years lived in column 8. 
 
 
 
 



TABLE II.9. GENERAL GROWTH BALANCE METHOD A PPLIED TO ZIMBABWE, FEMALES, 1982-1992: 
LIFE-TABLE BASED ON DEATH  RATES ADJUSTED FOR UNDER-REGISTRATION 

 

Age 
Probability of 
dying at age x 

Survivors at 
age x 

Person years 
lived between 
age x and x+5  

Total person years 
expected to be 

lived above age x 
Life expectancy 

at age x 

 
Age 

group 
Age specific 
death rate 

5m x x 5qx lx/l5 5Lx/l5 Tx/l5 ex 
(1) (2) (3) (4) (5) (6) (7) (8) 

        
0-4 0.012066 0 NA NA NA NA NA 
5- 9 0.000795 5 0.003983 1.000000 4 .9900 64.1371 64.1 

10-14 0.000730 10 0.003657 0.996017 4.9710 59.1471 59.4 

15-19 0.001515 15 0.007604 0.992375 4.9430 54.1761 54.6 
20-24 0.002564 20 0.012903 0.984829 4.8924 49.2331 50.0 
25-29 0.003666 25 0.018500 0.972122 4.8157 44.3407 45.6 
30-34 0.004388 30 0.022183 0.954138 4.7178 39.5251 41.4 

35-39 0.004983 35 0.025229 0.932972 4.6060 34.8073 37.3 
40-44 0.006271 40 0.031854 0.909434 4.4747 30.2013 33.2 
45-49 0.006803 45 0.034604 0.880465 4.3262 25.7265 29.2 

50-54 0.009454 50 0.048414 0.849997 4.1471 21.4004 25.2 
55-59 0.011822 55 0.060910 0.808845 3.9211 17.2532 21.3 
60-64 0.018614 60 0.097612 0.759579 3.6125 13.3322 17.6 
65-69 0.021138 65 0.111587 0.685434 3.2360 9.7197 14.2 

70-74 0.026584 70 0.142383 0.608949 2.8280 6.4837 10.6 
75+ 0.030717 75 1.000000 0.522245 NA 3.6557 7.00 

               
                Source:  Age specific death rates from column 9 of Table II.8. 
 
 
 
Procedure 
 
Columns 1-2. Record ages and adjusted age-specific 
death rates for ages 5-9 and older age groups.  In this 
case data are from column 9 of table II.8. 
 
Columns 3-4. Compute life table 5qx values using the 
formula 

 5qx = 55mx /[1 - 2.55mx]  
 
Column 5.  Compute lx/l5 values by noting that 
l5/l5=1 and using the formula 
 

 lx+5 = lx(1-5qx), 

Column 6. Compute 5Lx/l5 where : 
 

 5Lx/l5 = 2.5(lx /l5 +lx+5 /l5 ) 
 
Column 7. Based on a preliminary estimate of e0 of 
65 years, put e75 = 7 years. Then compute T75/l5 as 
e75(l75 /l5). Now compute Tx /l5 using the formula 
 

 Tx-5 /l5 = Tx /l5 + 5Lx/l5, 
 
Column 8. Compute ex for x = 5, 10, ..., 70 using the 
formula 
 

ex = (Tx /l5)/(lx /l5)



Figure II.1. General growth balance method applied to Japan, females, 1960-1970 
A. Data points and fitted line 

 

B.  Residuals 

 

 

 

 

 

 

 

 

 

 

Source:  Table II.2, columns 13 and 14.
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Figure II.2. Simple growth balance method applied to Zimbabwe, females, 1982-1992: 
plot of ratios indicating completeness of death reporting  

  

Source :  Table II.4, column 11. 
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Figure II.3.  General growth balance method applied to Zimbabwe, females, 1982-1992: 
scatter plot, fitted line and residuals  

 

A.  Data points and fitted line 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                B. Residuals 

 

 
Source: Columns 13 and 14 of table II.6 
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III.  THE EXTINCT GENERATIONS METHOD
 

 
 As with the growth balance methods described in 
the previous chapter, the extinct generations method 
estimates adult mortality from two census age 
distributions and the distribution of intercensal deaths. 
It takes the same data as the growth balance methods 
of the preceding chapter and it assumes that migration 
is negligible and that any under-reporting of deaths is 
uniform above a certain specified age. In other 
respects, however, the extinct generations method is 
quite different from growth balance methods and it 
may give substantially different results if input data are 
not perfectly accurate, and/or if the assumptions of 
the method are violated.  The extinct generations 
method, therefore, indirectly provides a test of 
whether the data are accurate and whether the 
assumptions are valid. 
 

A. STATIONARY POPULATION CASE 
 
 Although the idea of the method is simple, the most 
general implementation involves moderately 
complicated formulas.  It is useful to begin with the 
simple case of a stationary population, for which the 
simplicity of the ideas is evident.  A stationary 
population is one that is closed to migration and which 
experiences constant mortality risks and numbers of 
births over time.  Since everyone dies eventually, the 
number of persons aged x in a population at any given 
time t equals the number of deaths experienced by this 
cohort from time t forward.  Therefore, 
 

  N(x,t) =Ι0
4D(x+y,t+y)dy (1) 

 
where N(x,t) denotes the number of people aged x at 
time t and D(x,t) denotes the number of deaths at 
exact age x at time t. 

 
In a stationary population the number of deaths 

that will occur at time t+y to the cohort aged x at time 
t equals the number of deaths at time t to persons aged 
x+y, i.e., 
 

 D(x+y,t+y) = D(x+y,t) (2) 
 
Substituting (2) into formula (1) yields 
 

 N(x,t) =Ι0
4D(x+y,t)dy (3) 

 

The integral on the right is simply the number of 
deaths to persons aged x and over at time t.  In 
application, the integral on the right represents deaths 
to persons aged x and over during a given year, or 
other time period, and N(x,t) represents the number of 
persons reaching exact age x during this time period. 

 
The idea of the method is to compare an estimate 

of N(x,t) derived from a census age distribution 
(denoted as N*(x,t)), with N(x,t) estimated from 
reported deaths (denoted as Nd(x,t)). 
 

 Nd(x,t) = Ι0
4D*(x+y,t)dy (4) 

 
where D* represents the number of reported deaths.  
If deaths are incompletely reported, Nd(x,t) will be 
smaller than N*(x,t) by an amount reflecting the extent 
of under-reporting. The extent of under-reporting can 
be expressed as a ratio:  

  
 c(x) = Nd(x,t)/N*(x,t) (5) 

 
If both the age distribution and the deaths were 
perfectly reported, and if the population were indeed 
stationary, these ratios would be equal to one.  If the 
age distribution is accurately reported and deaths are 
under-reported, but by the same fraction at every age, 
these ratios will be equal to the completeness of death 
reporting. 
 

B. STABLE POPULATION CASE 
 
 The formulas generalise easily to the case of a 
stable population, which is a population that 
experiences constant risks of mortality and 
exponentially increasing births, and that is closed to 
migration. 

 
In a stable population, the number of persons at 

every age grows exponentially, and since mortality 
risks are constant, deaths at any age grow 
exponentially as well.  For a stable population, 
therefore, deaths at time t+y to the cohort of persons 
aged x at time t may be expressed as 
 

 D(x+y,t+y) = D(x+y,t)ery (6) 
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where r is the stable growth rate.  Substituting the 
right hand side of formula (6) for the right hand side 
of formula (3) gives 
 

 N(x,t) =Ι0
4D(x+y,t)erydy. (7) 

 
As in the stationary population case, the values of 
N*(x,t) (from a census age distribution) and Nd

(x,t) 

(from reported deaths) can be compared using 

 
 Nd(x,t) =Ι0

4D*(x+y,t)erydy (8) 
 
and the ratios 
 
  c(x) = Nd(x,t)/N*(x,t) (9) 
 
can be computed to assess the relative completeness 
of reporting deaths. 
 

C. CLOSED POPULATION WITH 
CONSTANT MORTALITY 

 
 The generalisation to a closed population subject to 
constant mortality is more difficult.  If mortality risks 
are constant, deaths at age x grow at the same rate as 
the population at age x.  The stable population formula 
 

 N(x,t+y) = N(x,t)ery (10) 
 
generalises to  
 

 N(x,t+y) = N(x,t)exp{Ι0
yr(x,t+z)dz} (11) 

 
where r(x,t) denotes the growth rate of the population 
aged x at time t.  Note that the exponential term on the 
right simplifies to ery if the growth rate is constant 
over time. 

 
If mortality risks are constant and there is no 

migration, formula (11) implies the corresponding 
relationship for deaths at any age.  Therefore 

  
D(x,t+y) = 

D(x+y,t)exp{Ι0 
yr(x+y,t+z)dz} (12) 

 
Substituting the right hand side of this formula in 
formula (3) gives 
 

N(x,t) = 
 

Ι0
4D(x+y,t)exp[Ι0 y r(x+y,t+z)dz]dy. (13) 

 
This formulation is not immediately useful, however, 
because the future growth rates r(x+y,t+z) of the 
population aged x+y will not be known. If mortality 
risks are constant, however, then 

 
 r(x+y,t+z) = r(x+y!z,t) (14) 

 
so that 
 

 Ι0 y r(x+y,t+z)dz = Ι0 y r(x+y!z,t)dz 
 

 = Ι0 y r(x+z,t)dz (15) 
 
Substitution in (13) yields 
 

N(x,t) = 
 

= Ι0
4D(x+y,t)exp[Ι0 y r(x+z,t)dz]dy (16) 

 
This expression allows the age specific growth rates 
under the inner integral to be approximated by 
intercensal age-specific growth rates. 

 
As before, take N*(x,t) from census age data, 

calculate the corresponding numbers of persons 
reaching age x implied by reported deaths, as follows: 
 

Nd(x,t) = 
 

 Ι0
4D*(x+y,t)exp[Ι0 y r(x+z,t)dz]dy, (17) 

 
and then calculate the ratios 
 

 c(x) = Nd(x,t)/N*(x,t) (18) 
 
If the age distribution and deaths are both perfectly 
reported, and if the population is indeed closed, these 
ratios will be equal to one.  If the age distribution is 
correctly reported and the population is closed to 
migration, but deaths are under-reported uniformly 
over all ages, the ratios will be constant and be equal 
to the fraction of deaths that are reported.  Variation in 
the c(x) values with x indicates some departure from 
these assumptions. 

 
In practice, of course, age distributions are 

always subject to some degree of error.  There will 
always be some departure from uniformly under-
reported deaths. There may also be some degree of 
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migration, although levels may be difficult to 
determine because of data limitations.  The assumption 
of uniform under-reporting of deaths with age is 
particularly likely to break down for infant and child 
deaths. It is therefore customary, when applying this 
method, always to consider only the population aged 5 
(or some higher age) and over. 
 

D. APPLICATION TO 
INTERCENSAL DEATHS 

 
 The formulas of the preceding sections all refer to 
a particular time t.  In application, however, data will 
be given for an intercensal time period, generally five 
to ten years.  In application, N(x,t), r(x,t) and 
D*(x+y,t) are replaced by N(x), r(x), and D*(x), 
where N(x) denotes the number of persons reaching 
exact age x during the intercensal period, r(x) denotes 
the growth rate of the population aged x during the 
intercensal period, and D*(x) the number of deaths at 
exact age x during the intercensal period. 
 

The number of persons reaching exact age x 
during the intercensal period is estimated as: 
 

 N(x) = t0.2[P1(x-5,5)P2(x,5)]0.5 (19) 
 
in a manner similar to formula (4) of chapter III.  The 
number of persons reaching exact age x implied by the 
number of intercensal deaths is calculated using 
formula (16), written now without the time variable t, 
as 
 
  Nd(x) =  Ι0

4D*(x+y)exp[Ι0 y r(x+z)dz]dy (20) 
 
To obtain a numerical approximation for use with five-
year age group data put x to x-5 in formula (20) and 
partition the interval of integration to yield the sum of 
two terms, 
 
Ι0

5D*(x!5+y)exp[Ι0 y r(x!5+z)dz]dy (20a) 
 
and 
 
Ι5

4D*(x!5+y)exp[Ι0 y r(x!5+z)dz]dy. (20b) 
 
Formula (20a) may be approximated by 
 

 D(x-5,5)exp{2.5r(x-5,5)}, (21a) 
 

where D(x,5) denotes the number of intercensal 
deaths between age x and age x+5 and r(x,5) denotes 
the intercensal growth rate for the same age group.  
Formula (20b) may be approximated by 
 

  N(x)exp[5r(x-5,5)], (21b) 
 
and therefore 
 

N(x-5) = N(x)exp[5r(x-5,5)] +  
 

+ D(x-5,5)exp[2.5r(x-5,5)] (22) 
 
To calculate N(x) first estimate an initial value of N(x) 
for the largest possible multiple of five allowed by 
available age data and then apply formula (22) to 
obtain the values for younger ages. 

To estimate the initial value of N(x,t) for an old 
age x, Bennett and Horiuchi (1981) propose the 
formula 
 

N(x) = D(x+){exp[r(x+)e(x)] 
 

 - [(r(x+)e(x)]2/6} (23) 
 
where D(x+) denotes reported intercensal deaths over 
age x, r(x+) denotes the intercensal growth rate of the 
population aged x and over, and e(x) the expectation of 
life at age x.  They propose that e(x) be taken from a 
model life table with a suitable level of mortality.  They 
note that although in some cases a value of x may be 
somewhat arbitrary, the resulting estimates of 
completeness will not be significantly affected. 
 

E. APPLICATION TO 
JAPAN, FEMALES, 1960-1970 

 
 Table III.1 applies the extinct generations method 
to data for females enumerated in Japan’s 1960 and 
1970 censuses.   The known expectation of life at age 
75 (8.25 years), is used in formula (20).  The 
completeness of registration, as indicated by the 
median of the c(x) ratios over all ages, is 0.9776.  This 
suggests an under-registration of deaths of 2.24 per 
cent. 

 
An application of the extinct generations method 

to the synthetic data given in annex table II.5 yields an 
adjustment factor for deaths of 1.0004, suggesting 
that the precision of the method in ideal circumstances 
is sufficiently high to estimate under-registration of 
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this magnitude. The extinct generations estimate of 
mortality for Japan is substantially higher than the 
simple and general growth balance methods of the last 
chapter, however, suggesting that either there is some 
inaccuracy in the input data, aside from slight under-
registration of deaths, or that the assumptions of the 
method are violated to some degree. 

The results of applying the simple growth balance 
methods in the last chapter indicated that there was a 
slight underenumeration in the 1970 census relative to 
the 1960 census and that this resulted in an 
underestimate of completeness of registration. Using 
again the synthetic data in annex table II.5, but 
reducing the age distribution at the second census by 
0.07 per cent results in a deaths adjustment factor of 
0.975, close to that in table III.1.  It may be inferred 
that a very small underenumeration in the 1970 
census, relative to the 1960 census, could create the 
appearance of more than 2 per cent under-registration 
of deaths in the intercensal period even if deaths are 
completely reported.  The result of the extinct 
generations method should therefore not necessarily 
be interpreted to mean that deaths in Japan during this 
period were underenumerated by the indicated 
magnitude. 

 
Close scrutiny of the ratios in column 9 of table 

III.1 shows that they vary somewhat erratically with a 
slight downward trend from ages 5 to  45 years, and 
then rise sharply from ages 45 to 70 years.  Applying 
the method to the synthetic data of annex table II-1 
shows the same rise in c(x) values with increasing 
age. The pattern results from a slight imprecision of 
the numbers of persons reaching exact age x during 
the intercensal period as estimated by formula (19).  
Where the age distribution is approximately linear, this 
formula gives a very good result.  At older ages, 

however, the curvilinearity of the survival schedule 
results in a corresponding curvilinearity of the age 
distribution.  Numbers of survivors at each age reduce 
rapidly at these ages.  As a result, the formula 
underestimates the number of persons reaching each 
exact age, with the effect increasing with age.  The 
magnitudes involved, about 1.5 per cent, are small 
however, and would be dwarfed by other errors in 
many applications. 
 

F. APPLICATION TO 
ZIMBABWE, FEMALES, 1982-1992 

 
 In table III.2 the extinct generations method is 
applied to data for Zimbabwe females for 1982-1992.  
The estimated completeness of death registration for 
the intercensal period is 27.6 per cent.  This is much 
lower than the 36 to 44 per cent given by the growth 
balance methods.  However, the ratios in column 9 of 
table III.2, (plotted in figure III.1), generally fall 
within a much narrower range that the ratios for the 
simple growth balance method shown in figure II.2.  
This suggests that the extinct generations method 
yields better result. 
 

Table III.3 shows the life table calculated from 
deaths and age-specific death rates, adjusted for the 
level of under-registration estimated in columns 10 and 
11 of table III.2. Because the extinct generations 
method estimates the completeness of death 
registration to be lower than that estimated by growth 
balance methods, the resultant life expectancies are 
also lower.  The expectation of life at age 5, for 
example, is 57.6 years, as compared with 61.3 years 
estimated by the simple growth balance method and 
64.1 years estimated by the general growth balance 
method. 

 



TABLE III.1.  T HE EXTINCT GENERATIONS METHOD APPLIED TO  JAPAN, FEMALES, 1960-1970 

 
Census population 

 

1960  a 1970 b 
Intercensal 

deaths 
Age specific 
growth rate 

Number 
reaching age x 
as estimated 
from deaths 

Number reaching 
age x as estimated 

from age 
distribution Ratio(c(x)) 

Age 
group 

 
 

Age 
 

(x) P1(x,5) P2(x,5) D(x,5) r(x,5) Nd(x) N*(x) N d(x)/N*(x) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
         
0-4 0 3,831,870 4,292,503 184,456 0.011352 8,314,213 NA NA 

5- 9 5 4,502,304 3,988,292 18,690 -0.012123 7,676,158 7,818,597 0.9818 
10-14 10 5,397,061 3,852,101 14,762 -0.033724 8,136,558 8,329,065 0.9769 

15-19 15 4,630,775 4,492,096 24,849 -0.003040 9,614,921 9,847,663 0.9764 
20-24 20 4,193,184 5,347,327 39,171 0.024314 9,737,170 9,952,340 0.9784 

25-29 25 4,114,704 4,571,868 45,996 0.010535 8,585,701 8,756,868 0.9805 
30-34 30 3,770,907 4,190,340 52,681 0.010547 8,100,333 8,304,700 0.9754 

35-39 35 3,274,822 4,085,338 63,353 0.022114 7,632,934 7,849,950 0.9724 
40-44 40 2,744,786 3,674,127 76,826 0.029161 6,773,998 6,937,467 0.9764 

45-49 45 2,559,755 3,198,934 99,895 0.022291 5,783,512 5,926,344 0.9759 
50-54 50 2,160,716 2,648,360 135,676 0.020350 5,079,065 5,207,361 0.9754 

55-59 55 1,839,025 2,382,691 176,369 0.025899 4,458,744 4,537,981 0.9825 
60-64 60 1,494,043 1,970,485 233,002 0.027679 3,751,859 3,807,241 0.9855 

65-69 65 1,133,409 1,584,699 314,309 0.033516 3,049,519 3,077,407 0.9909 
70-74 70 870,238 1,172,155 404,578 0.029783 2,289,954 2,305,238 0.9934 

75+ 75 1,023,300 1,350,960 1,279,281 0.027778 1,597,571 NA NA 

         
Total  47,540,899 52,802,276 3,163,894   Median 0.9776 

      0.5 *interquartile range 0.0032 
       Percentage 0.3 

       
            Source:  Population age distribution for 1960 and 1970 from: Japan Statistical Association (1987) 
      Historical Statistics of Japan, volume 1, tables 2-9, pp. 66-83. 

a Reference date : 1 October 1960. 
b Reference date : 1 October 1970. 
 

Procedure 
 
Columns 1-5. Enter input data, cumulated census age 
distributions and average annual intercensal deaths as 
shown.  
 
Column 6. Compute the age-specific growth rates 
using [ln(P1(x,5)/P2(x,5))]/t, where t is the length of the 
intercensal period and ln denotes natural logarithm. 
 
Column 7.  Interpolate the value of e75, the expectation 
of life at age 75, from civil registration data for 1960, 
1965 and 1970 and compute the value of the last entry 
in column 7, N(75), using the formula 
 

Nd(75) = D(75+){exp[r(75+)e75] - 
 

[(r(75+)e75]2/6 (23) 
 

Then compute the values of Nd(70), Nd(65), ..., from 
the formula  
 

Nd(x-5) = Nd(x)exp[5r(x,5)] + 
 

+ D(x-5,5)exp[2.5r(x,5)] (22) 
 
where r(x,5) denotes the growth rate for the age 
interval x to x+5. 
 
Column 8. Compute the average number of persons in 
the x to x+4 age group during the intercensal period 
using the formula 
 

 N*(x) = t0.2[P1(x-5,5)P2(x,5)]0.5 (19) 
 
Column 9. Compute the ratios of the Nd(x) values in 
column 7 to the N*(x) values in column 8.

 



TABLE III.2.  THE EXTINCT GENERATIONS METHOD APPLIED TO  ZIMBABWE, FEMALES, 1982-1992 

 
Census population 

 

Age 1982 a 1992 b 
Intercensal 

deaths 
Age specific 
growth rate 

Number 
reaching age x 
from deaths as 

estimated 

Number reaching 
age x as estimated 

from age 
distribution Ratio c(x) 

Adjusted 
deaths 

Adjusted death 
rate Age 

group x P1(x,5) P2(x,5) D(x,5) r(x,5) N*(x) N(x) N d(x)/N*(x)   

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
           

0-4 0 666,513 798,430 39,520 0.018059 520,643 NA NA 143,114 0.01962 
5- 9 5 620,383 835,296 2,570 0.029745 437,916 1,492,294 0.293 9,307 0.00129 

10-14 10 519,647 734,331 2,024 0.034581 375,013 1,349,913 0.278 7,328 0.00119 
15-19 15 413,331 634,658 3,484 0.042884 313,612 1,148,561 0.273 12,616 0.00246 
20-24 20 364,837 524,836 5,038 0.036364 249,958 931,517 0.268 18,246 0.00417 

25-29 25 281,551 377,773 5,368 0.029398 203,803 742,497 0.274 19,439 0.00596 
30-34 30 207,121 327,407 5,130 0.045790 170,956 607,229 0.282 18,579 0.00713 

35-39 35 170,467 260,436 4,714 0.042382 131,398 464,507 0.283 17,071 0.00810 
40-44 40 139,774 190,152 4,591 0.030780 102,066 360,081 0.283 16,624 0.01020 

45-49 45 110,583 143,928 3,853 0.026355 83,256 283,672 0.293 13,954 0.01106 
50-54 50 91,039 147,839 4,925 0.048484 69,370 255,722 0.271 17,833 0.01537 

55-59 55 60,906 87,023 3,864 0.035684 50,074 178,017 0.281 13,994 0.01922 
60-64 60 65,374 84,499 6,212 0.025662 38,357 143,478 0.267 22,494 0.03027 

65-69 65 38,928 51,075 4,232 0.027158 27,912 115,568 0.242 15,325 0.03437 
70-74 70 30,553 62,691 5,224 0.071876 20,414 98,802 0.207 18,917 0.04322 

75+ 75 46,842 68,635 7,820 0.038202 9,887 NA NA 28,318 0.04994 
           

Total  3,827,849 5,329,009 108,569     393,159  
        Median 0.276   
    0.5 * interquartile range 0.007   

     Percentage 2.4   
  
       Source: Population age distribution for 1982 and 1992 from:http://www.census.gov/ipc/www/idbprint.html. See also, 
  for the 1992 census: Central Statistical Office (n.d.) Census 1992: Zimbabwe National Report, Harare, Zimbabwe, 
  table A1.2, p.9 and p. 177.  For the 1982 census see United Nations (1988) Demographic Yearbook , table 7, 
  pp. 252-253.  Intercensal deaths by age from: http://demog.berkeley.edu/wilmoth/mortality. 

a Reference date : 18 August 1982. 
b Reference date : 18 August 1992. 



Procedure 
 
Columns 1-5. Enter input data, cumu lated census age 
distributions and average annual intercensal deaths as 
shown.  
 
Column 6. Compute the age-specific growth rates using 
[ln(P1(x,5)/P2(x,5))]/t , where t is the length of the intercensal 
period and ln denotes natural logarithm. 
 
Column 7.  Interpolate the value of e75, the expectation of 
life at age 75, from vital registration data for 1960, 1965 and 
1970 and compute the value of the last entry in column 7, 
N(75) , using the formula 
 
Nd(75) = D(75+){exp[r(75+)e75] - 
 

[(r(75+)e75]2/6 (23) 
 
Then compute the values of Nd(70), Nd(65) , ..., from the 
formula 

 
Nd(x-5) = Nd(x)exp[5r(x,5)] + 

 
+ D(x-5,5)exp[2.5r(x,5)] (22) 

 
where r(x,5) denotes the growth rate for the age interval x to 
x+5. 
 
Column 8. Compute the average number of persons in the x 
to x+4 age group during the intercensal period using the 
formula 
 

 N*(x) = t0.2[P1(x-5,5)P2(x,5)]0.5 (19) 
 
Column 9. Compute the ratios of the Nd(x) values in column 
7 to the N*(x) values in column 8. 
 
Columns 10 and 11:  Compute adjusted deaths by dividing 
the reported number of intercensal deaths (column 5) by the 
median c(x) ratio of 0.276.  Calculate the adjusted death rate 
and enter it in column 11. 

 

 

 



TABLE III.3.  T HE EXTINCT GENERATIONS METHOD APPLIED TO  ZIMBABWE, FEMALES, 1982-1992: 
LIFE-TABLE  BASED ON REGISTERED DEATHS ADJUSTED FOR UNDER-REGISTRATION 

 
 Conditional life table functions 

 
 

Age 
group 

Adjusted death 
rate Age 

Probability of 
dying between 
agex and x+5 

Probability of 
survival to 

agex 

Person years 
lived between 
agex and x+5 

Total person 
years lived 
above age x 

Expectation 
 of life at 

age x 
  x 5qx lx/l5 5lx/l5 Tx/l5 ex 

(1) (2) (3) (4) (5) (6) (7) (8) 
        

0-4 NA 0 NA NA NA NA NA 
5- 9 0.00129 5 0.00649 1.0000 4.9838 57.6481 57.6 

10-14 0.00119 10 0.00595 0.9935 4.9528 52.6643 53.0 

15-19 0.00246 15 0.01239 0.9876 4.9074 47.7115 48.3 
20-24 0.00417 20 0.02107 0.9754 4.8255 42.8041 43.9 
25-29 0.00596 25 0.03025 0.9548 4.7019 37.9787 39.8 
30-34 0.00713 30 0.03632 0.9259 4.5456 33.2768 35.9 

35-39 0.00810 35 0.04135 0.8923 4.3693 28.7312 32.2 
40-44 0.01020 40 0.05232 0.8554 4.1652 24.3619 28.5 
45-49 0.01106 45 0.05688 0.8107 3.9380 20.1968 24.9 

50-54 0.01537 50 0.07993 0.7645 3.6700 16.2588 21.3 
55-59 0.01922 55 0.10096 0.7034 3.3396 12.5888 17.9 
60-64 0.03027 60 0.16371 0.6324 2.9032 9.2492 14.6 
65-69 0.03437 65 0.18800 0.5289 2.3958 6.3459 12.0 

70-74 0.04322 70 0.24231 0.4295 1.8871 3.9501 9.2 
75+ NA 75 1.00000 0.3254 NA 2.0630 6.34 

  
                 Source:  Adjusted death rates from table III.2, column 11. 
 
 
Procedure 
 
Columns 1-2.  Record ages, and age-specific death 
rates for ages 5-9 and older from column 11 of table 
III.2. 
 
Columns 3-4. Compute life table 5qx values for ages 
0, 5, 10… using the formula 
 

 5qx = 55mx /[1 - 2.55mx]  
 
Column 5.  Compute lx/l5 values by noting that 
l5/l5=1 and using the formula 
 

 lx+5 = lx(1-5qx), 
 
Column 6. Compute 5Lx/l5 where : 

 
 5Lx/l5 = 2.5(lx /l5 +lx+5 /l5 ) 

 
 
Column 7. Based on a preliminary estimate of e0 of 
57.5 years, put e75 = 6.5  years. Then compute T75/l5 
as e75(l75 /l5). Now compute Tx /l5 using the formula 
 

 Tx-5 /l5 = Tx /l5 + 5Lx/l5, 
 
Column 8. Compute ex for x = 5, 10, ..., 70 using the 
formula 
 

ex = (Tx /l5)/(lx /l5)

 



Figure III.1.  The extinct generations method applied to Zimbabwe, females, 1982-1992: 
plot of estimates of age completeness ratios 

 

                   Source: Column 9 of table III.2. 
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IV.  ESTIMATES DERIVED FROM INFORMATION 
ON SURVIVAL OF PARENTS

 
 
 This chapter and the next one deal with a set of 
methods that estimate adult mortality using information 
from a census or survey on the survival of relatives of 
respondents. This chapter presents methods based on 
information on the survival status of mothers and 
fathers.  The next chapter presents methods based on 
information on the survival of brothers and sisters. 

 
The methods discussed in this and the next chapter 

are different from those considered in earlier chapters in 
two important respects.  First, they do not assume a 
population closed to migration, and they are therefore 
applicable to the populations of subnational 
geographical units, to populations of urban and rural 
areas, and other populations not closed to migration. 
This is a strong advantage. However, estimates derived 
from information on parental survivorship require data 
that are far less widely available than census age 
distributions and data on intercensal deaths. This relative 
scarcity of data is a severe practical disadvantage.  
However, this disadvantage can be reversed by the 
inclusion of the necessary questions in future population 
censuses and surveys. 

 
A.  DATA REQUIRED 

 
 Parental survivorship methods rely on the simple 
questions: “Is your mother living?” and “Is your father 
living?”  From such data the proportion of persons in 
any given age group whose mother or father is surviving 
can be obtained. 
 

To estimate adult female mortality, the proportions 
of persons, in five-year age groups, whose mother is 
surviving and an estimate of the mean age of these 
mothers at the time of their children’s birth are required. 
 Proportions of persons with mother surviving will 
usually be calculated from a table showing persons 
classified in five-year age groups and by the 
survivorship of their mothers.  The mean age of mothers 
at the time of their children’s birth is most often 
calculated from data on births in the 12 months 
preceding the census or survey. 

 
Similarly, to estimate adult male mortality, the 

proportions of persons in five-year age groups, whose 
father is surviving, and an estimate of the mean age of 
these fathers at the time of their children’s conception 
are required.  Conception is the pertinent event for 

survival of fathers because a father may die between the 
conception and birth of his child. The proportions of 
persons with father surviving are calculated from a table 
showing persons classified by age and by the 
survivorship status of their fathers.  The average age of 
childbearing for men will usually be obtained by adding 
an estimate of the average age difference between 
spouses and the average length of the gestation period to 
the average age of childbearing for women. 
 

B. APPROACH AND ASSUMPTIONS 
 
 Suppose it is known that a group of persons aged x at 
a particular time t, all had mothers who were aged y 
when the persons in question were born.  The proportion 
of these mothers who are surviving at time t estimates 
the life table survival probability ly+x/ly for the cohort of 
women born at time t-(y+x). If all women had exactly 
one surviving child and if there were no data reporting 
errors, this estimate would be accurate.  However, the 
mortality experience of women who have no surviving 
children will not be represented at all, and women with 
more than one surviving child will be over-represented 
in proportion to the number of their surviving children.  
The main assumption of the method is that errors 
incurred in this way will not be very serious. 

 
C. ESTIMATES FROM MATERNAL 

SURVIVORSHIP 
 
 A plausible approach to estimation would be to use 
the proportion of persons in a given age group who have 
surviving mothers to estimate the conditional survival 
probability lM+x/LM, where M denotes the mean age of 
the mothers at the time of the birth of the persons in 
question, and x denotes the mid-point of the age group.  
These estimates will not be convenient, however, 
because M will vary from one application to another. 

 
The approach therefore, is to choose a convenient 

age, y, near the mean age at childbearing and a 
convenient age, x, near the mid-point of the age group, 
and different for each age group.  The conditional 
survival probability, ly+x/ly, can then be expressed as a 
linear function of the mean age of mothers and the 
proportion of persons in the age group with surviving 
mothers using a regression approach so that: 
   l25+x/l25 = a0(x) + a1(x)M + a2(x)S(x-5,5) (1) 
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where M denotes the mean age of mothers at the birth of 
their children and S(x!5,5) denotes the proportion of 
persons aged x!5 to x whose mother is surviving. Values 
for a0(x), a1(x), and a2(x) are obtained by regression  on 
a set of model values of the three variables  l25+x/l25, M, 
and S(x-5,5). The procedure is described in detail in, and 
the coefficients used here are taken from, Timæus 
(1992). 
 

D. ESTIMATES FROM PATERNAL 
SURVIVORSHIP 

 
 Estimation of adult male mortality from data on 
paternal survivorship proceeds in much the same way.  
Survival probabilities are conditional on reaching age 
35, rather than age 25 (because husbands tend to be 
older than their wives) and proportions with father 
surviving are taken from two successive age groups 
rather than a single age group. The equation is 
 

l35+x/l35 = a0(x) + a1(x)M + 
 

  + a2(x)S(x-5,5) + a3(x)S(x,5), (2) 
 
where M denotes the mean age of the fathers at the birth 
of their children, S(x!5,5) denotes the proportion of 
persons aged x!5 to x whose father is surviving, and 
S(x,5) the proportion aged x to x+5 whose father is 
surviving. For further discussion see Timaeus (1992). 
 

E. MATERNAL SURVIVORSHIP METHOD 
APPLIED TO ZIMBABWE, 1992 CENSUS 

 
 Table IV.1 illustrates the estimation of adult female 
mortality using maternal survivorship data from the 
1992 census of Zimbabwe.  The application incorporates 
three main elements.  The first element, discussed in this 
section, is the derivation of estimated survivorship 
probabilities l25+x/l25, using formula (1) of the preceding 
section. The second two elements, discussed in the 
following two sections, are model life table translations 
of the estimated survivorship probabilities and the 
derivation of time locations or reference dates for these 
estimates. 

 
The numbers of children reported born to women in 

the 12 months preceding the 1992 census are shown in 
table IV.2. The age group labels here refer to age at the 
time of  the  census.   To  calculate  the  mean  age  of 
mothers at the birth of their children, however, it is 
appropriate to use an age estimate which is one half year 
less than their age at the time of the census.  The age 
intervals, 15-19, 20-24, 25-29 … 45-49, can therefore be 

adjusted to become 14.5-19.4, 19.5-24.4, 25.5-29.5, and 
so on, with midpoints of 17, 22, 27… and 47.  The mean 
age of mothers at the birth of their children would thus 
be: 
 

17Η0.1432 + 22Η0.3167 + ... + 47Η0.0126 
 
or 26.7 years. 

 
F. MODEL LIFE TABLE FAMILY TRANSLATION 

 
Although the estimated survivorship probabilities 

shown in column 9 of table IV.1 are the final result of 
the orphanhood method as originally developed, it is 
useful to use a model life table family to convert the 
conditional survivorship estimates to a common statistic. 
 There is no hard and fast rule for what the common 
statistic should be, and it might be varied from one 
application to another.  A useful default is 35q30, that is, 
the conditional probability of dying by age 65 given 
survival to age 30.  This corresponds reasonably closely 
to the age range of the estimates yielded by the estimates 
from both maternal and paternal survivorship methods. 
Table IV.1 shows  the 35q30 values in column 10.  The 
translation procedure, described in annex II, is facilitated 
by the table of model life table values shown in table 
IV.3. 

 
If the data were perfectly accurate and the 

assumptions of the method perfectly valid, and if 
mortality levels had not changed during the period in 
question, and if the true age pattern of mortality in the 
population conformed to the model life table used, the 
35q30 values in column 10 of table IV.1 would be the same 
for each age. The observed variation in the values is 
modest, ranging from 0.1735 to 0.2195, suggesting that 
the data are reasonably accurate though not perfect. 
 

G. TIME LOCATION OF THE ESTIMATES 
 
 The survival probabilities in column 9 of table IV.1 
refer  to  different time periods.  For persons aged 5-9 
years the interval over which the mothers survived 
begins 5-10 years prior to the census, but for persons 
aged 45-49 years it begins 45-50 years prior to the 
census.  The estimate of l35/l25 from the 5-9 age group 
therefore represents an average of mortality risks during 
the 10 years prior to the census, whereas the estimate of 
l75/l25 from the 45-49 age group represents an average of 
mortality risks over the 50 years prior to the census. 
 

These differences in the reference period of the 
estimates mean that the proportions of persons whose 
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mothers are alive contain information about the trend, as 
well as the level of mortality. If mortality has declined 
substantially over the half century preceding the census 
or survey, the estimate of l75/l25 from the 45-49 age 
group will represent a higher average level of mortality 
than the estimate of l35/l25 from the 5-9 age group. 
Without the model life table translation to a common 
statistic, there is no way of exploiting this trend 
information.  With the translation of both l35/l25 and 
l75/l25 to 35q30, however, a change in mortality level may 
be revealed. 

 The time location can therefore be written as 
 

 T(N) = (N/2)(1 - C(N)), (3) 
 
where T(N) is the time location of the estimate for the 
age group with the midpoint N, and C(N) is a correction 
factor for that age group.  Brass and Bamgboye (1981) 
showed that this correction factor may be calculated as 
 

C(N) = ln(S(N))/3 + f(N+M) +  
+ 0.0037(27-M) (4) 

  
where S(N) denotes the proportion of persons aged N 
whose mothers are surviving, M denotes the mean age of 
these mothers at the time the persons in question were 
born and f(N+M) is standard function of age whose 
value can be interpolated between the values given in 
table IV.4. 

The trend information inherent in the data may be 
exploited by deriving the relation between the cohort 
survivorship statistics l25+x/l25 shown in column 9 of 
table IV.1 and the corresponding period statistics at 
various times prior to the census or survey.  If mortality 
risks have been declining in prior decades, the 
conditional survival probability l25+x/l25 in the period life 
tables for each time in the past will have been declining. 
 It is intuitively clear that the cohort survival probability 
over any given time period will lie somewhere between 
the high period values of the more distant past and the 
low period values of the recent past. It is plausible, 
therefore, that there is some time t, prior to the census or 
survey, such that the cohort survivorship estimates in 
column 9 equals the corresponding period survivorship 
at time t. This point in time is referred to as the “time 
location” of the estimate. If mortality risks have changed 
approximately linearly, it is possible to estimate this 
time location reasonably accurately. The theory on 
which the time location calculation is based, presented 
in Brass and Bamgboye (1981), is beyond the scope of 
this manual, but it is useful to present a brief, heuristic 
explanation. 

 
The differences between the estimation equations 

for maternal and paternal survivorship imply slight 
differences in the application of formula (4).  For 
survivorship of mothers, the conditional survivorship 
l25+x/l25 is estimated from the proportion of persons aged 
x!5 to x whose mother is surviving, S(x!5,5), therefore  
S(N) in (4) is taken to be S(x!5,5) and N is taken to be 
the midpoint of the age group, x-2.5.  The M in (1) is the 
mean age of the mothers of the respondents at the time 
the respondents were born, i.e., N years ago. 

 
For survivorship of fathers, however, l35+x/l35 is 

estimated from the proportions of persons in the age 
groups x!5 to x and x to x+5 whose father is surviving, 
i.e. S(x-5,5) and S(x,5), respectively. In this case S(N) is 
taken as the average of the proportions with fathers 
surviving in the two age groups and N is taken as the 
mid-point of the two age groups plus the gestation 
period, x+0.75.  The M in (2) is the average age of the 
fathers of the respondents at the time of the respondents’ 
birth.  For the purpose of equation (3), however, M must 
be taken as the mean age of the fathers of the 
respondents at the time of the respondents’ conception.  
The average age of fathers at birth can be denoted by M1 
and the average age of fathers at conception denoted by 
M2 = M1 

-0.75. 

 
If the life table survivorship function lx is linear over 

the relevant portion of the age span, the deaths of the 
mothers of persons aged N at the time of the census or 
survey will be uniformly distributed over the preceding 
N years.  It can then be demonstrated that the time 
location for the corresponding survivorship is the mid-
point of this period, N/2 years prior to census or survey. 
The survivorship function lx is indeed approximately 
linear if mortality levels are high and x (age) is not too 
high.  For lower levels of mortality and at older ages, 
however, there is a sharp downward curvature of the 
survivorship function. This implies that deaths of 
mothers during the years prior to the census or survey 
are disproportionately concentrated in the later portion 
of the period resulting in a time location estimate that is 
closer to the survey date than N/2. 

 
H. TIME LOCATION ANALYSIS FOR MATERNAL 

SURVIVAL:  ZIMBABWE, 1992 CENSUS 
 
 Figure IV.1 plots the translated 35q30  values against 
their estimated time locations.  In the best of 
circumstances it is possible to estimate mortality trends 
by the application of this procedure.  In some  
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applications, however, errors in the data and/or 
departures of actual from assumed conditions 
overwhelm the trend indication.  The conclusions drawn 
may then refer, not only to mortality trends, but to errors 
in the reported proportions of surviving mothers or 
fathers and/or the invalidity of the assumptions. 

information on short term fluctuations in the level of 
mortality.  This can be illustrated by considering a 
hypothetical example in which mortality fluctuates 
between arbitrarily chosen high and low values from one 
year to the next. The average level of mortality to which 
the mothers of persons in any age group were subject 
will be essentially the same as if mortality were 
constant.  Year to year fluctuations are lost in the 
proportions of surviving parents because every parent is 
exposed to high and low levels for approximately equal 
periods.  The same would be true if mortality alternated 
between high and low levels every two or three years.  
The putative trends indicated by time location are valid 
only on the assumption that the level of mortality has 
been declining reasonably smoothly over a long period 
of time. 

 
In the case shown in figure IV.1 it is immediately 

apparent that the trend indications are somewhat 
unexpected.  It is highly unlikely that adult female 
mortality risks in Zimbabwe rose in the early 1980s.  
The subsequent decline is plausible, however, as is the 
slight increase in mortality risks in the late 1980s, a 
trend which might be due to an increase in deaths due to 
the human immunodeficiency virus (HIV) and acquired 
immunodeficiency syndrome (AIDS).  It should be 
noted, however, that inherent limitations in trend 
analysis, as discussed below, make the attribution of 
these trends to any specific factor rather tenuous. 

 
Sharp fluctuations in level such as those shown in 

figure IV.1 probably represent differences in reporting 
errors between age groups, not changes in level of 
mortality.  The practical lesson here is that interpretation 
of the plot is not simply a matter of reading the putative 
trend, but of deciding which features reflect changes in 
mortality and which reflect problems with the data or the 
method. 

 
I. INHERENT LIMITATIONS OF 

TREND ANALYSIS 
 
 The estimation of adult mortality from data on 
survival of parents allows the estimation of long term 
trends in the level of mortality, but not of short term 
changes. “Long term” here means roughly 10-50 years, 
and “short term” less than 10 years. 

 
 Inaccurate reporting of parental survivorship status is 
an important source of erroneous trends in the data.  
Reports of parental survivorship for children will often 
be given by the head of household or another adult in the 
household in which the child is enumerated.  In some 
countries a significant proportion of these adults will be 
adoptive parents who may report the child’s parent as 
surviving if the child’s adoptive parent is living.  This 
will bias the reported number and proportion of 
surviving parents upwards. 

 
 Short-term fluctuations in these estimates, especially 
sharp movements over a few years, necessarily represent 
errors in reporting. This is because the conditional 
survival probabilities estimated from different age 
groups of respondents average period mortality 
experience over relatively long periods of time, roughly 
10-50 years.  It follows that they cannot contain any  

 
As persons become older, the chance that their 

adoptive as well as their biological parent is dead will 
increase.  For persons whose biological and adoptive 
mothers are both dead, for example, the report on 
survivorship of mother will be correct even if the 
respondent is reporting on the adoptive rather than the 
biological mother.  This implies that the “adoption bias” 
is likely to be most pronounced for younger children 
whose adoptive parent is more likely to be alive, and to 
decline with older persons who are more likely to have 
lost biological and adoptive parents. 
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the first point in time, x = 5, 10, ..., and let S2(x,5) 
denote the same statistic for the second point in time.  In 
this section it is assumed that the time interval is exactly 
five years.  Assuming a time interval between the 
censuses or surveys to be exactly five years, the 
proportions  of persons with mother surviving for an 
hypothetical cohort can be constructed based on changes 
in proportions with mother surviving between the two 
censuses.  The proportion aged 5-9 with mother 
surviving in this hypothetical cohort, for example, will 
be the average of S1(5,5) and  S2(5,5), 

 Adoption bias is likely to result in lower 
expectations of life from older age groups relative to 
younger ones, and may suggest an increase in the 
expectation of life in the years preceding the census or 
survey.  This phenomenon might explain some or all of 
the apparent decline in survival probabilities indicated in 
figure IV.1. 

 
J. PATERNAL SURVIVORSHIP METHOD 
APPLIED TO ZIMBABWE, 1992 CENSUS 

 
  Table IV.5 shows the estimation of adult male 

mortality from paternal survivorship data. As is often the 
case, the calculation of M for males is problematic.  The 
1992 census marital status tabulations show the mean 
age of married men to be 42.5 years and the mean age of 
married women to be 35.3 years, for a difference of 7.2 
years.  If medians rather than means are used, the figures 
are, respectively, 37.0, 30.1, and 6.9 years.  Other 
pertinent data are not readily available.  In the event, 
assume a sex difference of 7 years. Adding this to the M 
= 26.7 years calculated for females in section E gives M1 
= 33.7 years for males. 

 S*(5,5) = [S1(5,5) +  S2(5,5)]/2. (5) 
 
The proportion with mother surviving in subsequent age 
groups is 
 

S*(x,5) = [S2(x,5)/S1(x-5,5)]S*(x-5,5), (6) 
 
x = 10, 15, .... The ratios S2(x,5)/S1(x-5,5) are analogous 
to census survival ratios.  They represent the change in 
proportion with mother surviving in the actual cohort 
aged x to x+5 at the first census, and therefore reflect 
mortality conditions during the intercensal period.  The 
estimation procedure described in preceding sections is 
applied to the S*(x,5) values calculated from formulas 
(5) and (6) exactly as if they were proportions with 
mothers surviving from a single census or survey. 

 
The estimation equations for the survival 

probabilities are different for males, as already noted, 
and there are slight differences in the time location 
calculation, but otherwise the procedure is the same as 
for maternal survival.  

 When the interval between the surveys or censuses is 
other than five years, an adaptation of the intercensal 
survival method (chapter I, section D) may be used. In 
place of the ratios used in (6) above, it is necessary to 
compute the synthetic ratios 

 
The 35q30 values in column 11 are obtained by 

interpolation in table IV.6, which has the same format as 
table IV.3 except for values being conditional on 
survival to age 35 rather than to age 25.  The median of 
these 35q30 values is 0.331, compared with 0.206 for 
females (table IV.1), suggesting a much higher level of 
male adult than female adult mortality. 

 
  S(x+5,5)exp[2.5r(x+5,5  (7) 
    R(x,5) =   
  S(x,5)exp[-2.5r(x,5)]  
 K. TWO-CENSUS METHOD 
where  
  Estimates of adult mortality based on information of 

parental survivorship can also be derived from data on 
two censuses or surveys.  If data are available for two 
censuses or surveys five or ten years apart, the synthetic 
cohort procedure proposed by Zlotnik and Hill (1981) 
may be applied to obtain an estimate that refers to the 
intervening  period.  Let S1(x,5)  denote  the proportion 
of persons aged x to x+5 whose mother is surviving at  

 S(x,5) = [S1(x,5) + S2(x,5)]/2 (8) 
 
and 
 

 r(x,5) = ln[S2(x,5)/S1(x,5)]/t (9) 
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where t is the length of the intercensal interval. The 
proportions with surviving mothers for the hypothetical 
cohort are then calculated using (5) and 
 

 S*(x,5) = R(x-5,5)S*(x-5,5), (10) 
 
x = 10,15,  .... Table IV.7 shows the application of the 
two census method to maternal survival data from the 
1982 and 1992 censuses of Zimbabwe. The median 
probability of dying between 30 and 65 years for 
females is 0.192, compared with 0.206 obtained from 
the single census method results shown in table IV.1. 

L. OTHER PARENTAL SURVIVAL METHODS 
 
 Variants of parental survival methods have been 
developed for use with data on survival of parents at 
times other than the time of the census or survey.  
Questions on parental survival may be supplemented by 
obtaining information on the date of death for persons 

who report their parent to be deceased. Alternatively, 
respondents may be asked whether their mother or father 
was surviving at the time of some particular past event, 
such as the respondent’s 20th birthday or the 
respondent’s marriage.  Data of this kind are more likely 
to be available from surveys than from censuses, but 
surveys on which suitable questions may be included are 
very common. 

 
Timæus (1991a) presents a method using the 

proportion of mothers (fathers) deceased among those 
respondents whose mother (father) survived to the time 
the respondent reached age 20. Timæus (1991b) presents 
a method using the proportions of mothers (fathers) 
surviving among those respondents whose mother 
(father) was surviving at the time of the respondent’s 
first marriage. These methods should be applied 
whenever the requisite data are available. 
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