
ESTIMATION OF FERTILITY BY REVERSE-SURVIVAL METHODS 

A. BACKGROUND OF METHODS 

1. Meaning ofreverse survival 
In a closed population, children currently aged x are 

just the survivors of the births that occurred x years ago. 
From this fact it is easily inferred that the number of 
births occumng x years ago can be estimated by using 
life-table survivorship probabilities to "resurrect*' 
numerically those no longer present among the popula- 
tion aged x .  This method of estimation is known as 
''reverse survival" or "reverse projection" because the 
population how aged x is "survived" or "reverse-pro- 
jected" to age x - t by moving it, with a suitable life 
table, t years into the past. 

It is immediately evident that if the single-year age 
distribution of a population enumerated at to is avail- 
able, it is potentially possible to estimate the number of 
births occurring during each of the 15 or 20 years 
preceding 10. Methods that exploit this possibility are 
described in this chapter. However, before proceeding 
with their description, it is worth noting that they are all 
heavily dependent upon the accuracy of the reported 
age distribution of the population being studied. Errors 
in age-reporting or differential completeness of 
enumeration affecting certain age groups, especially the 

younger ones, are certain to bias the estimates obtained. 
Because these types of deficiencies are all too frequently 
characteristic of the data sets available, reverse-survival 
methods are often ineffective in producing reliable fer- 
tility estimates. Their usefulness depends mainly upon 
the fact that they often provide independent fertility esti- 
mates which can be used to assess the plausibility of 
those obtained by other means. 

2. Organization of this chapter 
Only two estimation methods based on reverse sur- 

vival are presented in this chapter. The first method 
illustrates the basic principle underlying other, more 
sophisticated procedures. It allows the estimation of the 
average birth rate during the five or 10 years preceding 
enumeration from the population classified by five-year 
age group. Variations of this basic method arise mainly 
because of the increasing amount of data available or 
because of the increasing detail with which it is 
classified. The second method presented here depends 
upon the latter aspect, because it requires detailed tabu- 
lations of enumerated children classified both according 
to their own age and to that of their mother. To aid the 
user in selecting the method appropriate for a particular 
case, table 153 shows their data requirements and the 

TABLE 153. SCHEMATIC GUIDE TO CONTENTS OF CHAPTER VI 11 

Ssc&n - W 4 ' W h  
B. Estimatim of birth rate Enumerated population under age 

by reverse survival of 10 classified by five-year age 
the population under gmup 
age 10 Total population enumerated at 

two points in time, or that 
enumerated at one point and its 
gmwth rate 

Probabilities of child survivorship 
(I(2). l(3) or 1(5), for example) 

C. Theownchildrenmeth- Enumerated population under age 
od of fertility estima- 10 or IS, classified by single year 
tion of age and by single year of age 

of mother 
Children under age 10 or IS whose 

mother's age is unknown, 
classified by single year of own 
age 

Women aged 15-59 or 15-64, 
classified by single year of age 

Probabilities of child survivorship 
Probabilities of adult female sur- 

vivorship (a life table for fe- 
males) 

The average birth rate during the 
two five-year periods immedi- 
ately preceding the time of 
enumeration 

Age-specific fertility rates for each 
of the 10 or 15 years preceding 
enumeration 

Total fertility for each of the 10 or 
15 years preceding enumeration 



types of estimates they yield; and the sections describing 
these methods are listed below: 

Section B. &timarion of birth rates by mverss survival of 
the population under age 10. This section presents the 
basic reverse-survival method. It requires as input the 
population classified by five-year age group and sur- 
vivorship probabilities refemng to childhood; 

Secrion C. 'Itre own-children method of fertility estima- 
tion. This method allows the estimation of annual age- 
specific fertility rates for the 10 or 15 years preceding the 
time of enumeration. It requires that the enumerated 
children be classified by age of mother at the time of 
enumeration. 

B. ESTIMATION OF BIRTH RATES BY REVERSE 
SURVIVAL OF THE POPULATION UNDER AGE 10 

1. h i s  of method and its rationale 
The estimation of the number of births occurring x 

years before enumeration from the enumerated popula- 
tion aged x is a well-known possibility that has been 
widely exploited. However, practice has shown that the 
estimates obtained in this manner are often not very use- 
ful due to the severe age-reporting errors generally 
present in the basic data. Problems are especially acute 
when the reverse-projected data are classified by single 
year of age, since age-heaping is likely to produce spuri- 
ous peaks and troughs in the estimates obtained. Fur- 
thermore, because censuses often fail to enumerate chil- 
dren completely, especially those aged 0 or l, it is 
frequent for the estimated number of births refemng to 
the year or two immediately preceding the time of 
enumeration to be too low. 

In order to avoid some of these problems or to mini- 
mize their effect on the final estimates, grouped data are 
often used. Five-year age groups are most commonly 
selected; they yield estimates of the average annual 
number of births occurring during the two five-year 
periods immediately preceding the time of enumeration. 
According to the observations made above, the average 
annual number of births estimated by reverse-projecting 
the population aged from 0 to 4 is likely to underesti- 
mate the true number of births occumng during the 
five-year period immediately preceding enumeration. A 
better estimate may be expected from the reverse projec- 
tion of the population in age group 5-9. However, esti- 
mates of numbers of births obtained from the popula- 
tion aged 5-9 years are likely to be more affected by 
errors in the estimation of mortality and may also be 
exaggerated by age-reporting errors (heaping at age 5, 
for example). 

Besides being very sensitive to the presence of age- 
misreporting, the estimation of fertility by reverse sur- 
viva1 is also dependent upon the type of mortality esti- 
mates used. By its very nature, reverse survival cannot 
be performed without a life table, covering at least the 
ages of childhood; and adequate information allowing 
the direct construction of resonable life tables is lacking 
in most countries where reverse-survival estimates of 
fertility are needed. Therefore, reverse survival is often 

applied in conjunction with other methods, particularly 
those which permit the indircct estimation of child mor- 
tality (see chapter 111). All of these methods assume that 
the pattern of mortality in the population studied con- 
forms to a certain model. As one would expect, the 
choice of model affects the fertility estimates yielded by 
reverse survival, the differential effects being greater the 
further one reverse-projects the observed population 
into the past. 

In spite of all these caveats, the estimation of the birth 
rate by reverse survival is described here because of its 
traditional importance and because it provides a valu- 
able tool for the detection of inconsistencies. For exam- 
ple, suppose that b,, an independently obtained estimate 
of the birth rate for the five-year period preceding a 
census, is smaller than b2, the estimate obtained by 
reverse-survival of the population aged 04 .  Since b2 is 
usually a lower bound for the birth rate, any estimate for 
the same period lower than b2 would be suspect. Of 
course, one should also explore the possibility of having 
overestimated the mortality level used in reverse surviv- 
ing the population aged 0-4 years. 

The value of reverse-survival procedures may also be 
increased if they can be applied to a series of censuses to 
obtain estimates for overlapping periods. In such cir- 
cumstances, it may be worth while to reverse-project the 
population in age groups older than the traditional age 
groups 0 4  and 5-9 in order to obtain a range of birth- 
rate estimates for particular periods. Thus, if three 
census enumerations spaced by 10-year intervals are 
available, three estimates can be made of the birth rates 
during the periods from zero to four years and from five 
to nine years before the first census. For the five years 
before the first census, estimates can be based on the 
population aged 0-4 at the first census, 10-14 at the 
second census and 20-24 at the third census, whereas for 
the period from five to nine years before the first census, 
birth-rate estimates can be based on the population aged 
5-9 at the first census, 15-19 at the second census and 
25-29 at the third census. Such a procedure has been 
applied by Shorter and ~ a c u r a '  to the quinquennial 
censuses of Turkey taken between 1935 and 1975. 

This extension of the basic procedure requires sub- 
stantially more information than does the simpler pro- 
cedure. The older the population being considered, the 
greater the influence of the survivorship estimates used 
to calculate the number of births the survivors represent, 
and of the growth rate estiniates used to calculate the 
population denominators. For most developing coun- 
tries, the level of child mortality in the 1940s or 1950s is 
known only to a very rough approximation; hence, the 
reverse projection of a recent census for some 30 years, 
or the reverse projection of an earlier census for a 
shorter period, is fraught with uncertainty. Consistency 
between estimates for earlier periods does not provide 

' F ~ d e r i c  C. Shorter and Miroslav Macura.  trend.^ in Fertility and 
Mortaliry in Turkey, 1935-1975, Committee on Populat~on and Demog- 
raphy Report No. 8 (Washington, D.C.. National Academy Press. 
1982). 



any evidence in their support, because any error in 
specifying past mortality risks will affect all the estimates 
in the same direction. Migration also represents a prob 
lem; and any evidence suggesting a significant level of 
migration during the period being considered will make 
'it necessary to attempt some correction, not only at the 
aggregate level but at the level of each age group. On 
the positive side, the effects of age-reporting errors 
should be reduced by considering data from several cen- 
suses, since different age groups determine the different 
estimates for the same period; however, it is possible 
that a sequence of 10-year intercensal intervals, com- 
bined with heavy heaping on ages ending in zero, may 
give rise to consistently high estimates of the birth rate 
for periods determined by age groups that include zero 
as an age ending (except for the estimate based on the 
population aged 0-4), while producing consistently low 
birth-rate estimates for the intervening periods, associ- 
ated with age groups including five as an age ending 
(except possibly for age group 5-9). Given a range of 
birth-rate estimates for each period, the problem aiises 
how to arrive at a "best" estimate; the most obvious pos- 
sibility is to take the mean of the available estimates, 
though given the likely nature of the errors involved, the 
median may be a better indicator. It may be mentioned 
that changes in enumeration completeness from one 
census to the next have relatively little impact on the 
procedure, so long as the age distributions do not change 
markedly from one census to the next and intercensal 
suivival is not used as a basis for the estimation of sur- 
vivorship probabilities. 

2. aata tequited 
The following data are required for this method: 
(a) The population under age 10, classified by age 

(five-year age groups are sufficient, though single-year 
data are preferable) and by sex; 

(6) The total population at the time of enumeration, 
to; 

(c ) An estimate of the growth rate; 
(d) Estimates of mortality parameters that would per- 

mit the construction of a life table up to age 10. A value 
of l(2) obtained from information on children ever born 
and surviving (see chapter 111) is adequate. 

3. Computational procedure 
Step I: calculation of life-table estimates of person-years 

lived In order to reverse-project to birth the population 
in age groups 0-4 and 5-9, one only needs values of 5Lo 
and 5L5, the person-years lived by the stationary popula- 
tion constituting the life table between birth and exact 
age 5, and between age 5 and exact age 10, respectively. 
Usually, but not necessarily, these values are obtained 
by assuming that the mortality level associated with l(2) 
remained constant during the 10 years preceding 
enumeration. Under this assumption, the actual calcula- 
tion of 5L0 and 5L5 is carried out by interpolating 
between the printed values of the Coale-Demeny model 

life  table^.^ Naturally, the family of models selected 
should be that used in estimating l(2). In some cases, the 
mortality level selected may be the mean of those associ- 
ated with the 1(2), l(3) and l(5) values yielded by the 
indirect estimation of child mortality (see chapter 111). 
This mean level may represent more closely the true 
mortality level prevalent during the decade preceding 
enumeration, especially when there is evidence suggest-' 
ing a recent decline in child mortality. 

Step 2: estimation of mid-perid populations. Since this 
method is directed towards the estimation of an average 
annual birth rate for the periods from to-5 to to and 
from to- I0 to to-5, to being the date of enumeration, 
an estimate of the total population at the mid-points of 
these periods is required. Perhaps the simplest way of 
estimating these mid-period populations is by using the 
equation 

where tM is the mid-point of the period being &n- 
sidered; No is the total count yielded by enumeration; 
and r is an estimate of the growth rate. As usual, the 
growth rate is estimated from knowledge of the total 
population at two points in time, to and 11. In such a 
c=, 

where NI is the total count at time t 1 and No is that at 
time to. 

Of course, there are several other ways of estimating a 
mid-period population; but, in general, they require far 
more effort than the intrinsic roughness of the method at 
hand would warrant. For this reason, they are not 
described here. 

Step 3: estimation of average annual birth mtes for the 
nclo five-ycat p e r i d  precedng the census. The average 
annual number of births for the first period, from to-5 
to to, is 

where 5No is the population in age group 0-4; and 5L0 is 
the life-table estimate obtained in step 1. 

For the period from to-10 to to-5, the equivalent 
average annual number of births is 

where 5N5 is the population in age group 5-9. If the 
radix, I(O), of the life table being used were not one, 
equations (B.3) and (B.4) would have to be modified as 
follows: 

If 1 = 5N0 1(0)/5L0 
and 

B2= 5N5 l(0)lsLs. (B-5) 

Ansley J. Coale and Paul Demeny, Re tonal Mo&l Life Tdles ond 
Stdle Populations (Princeton, New Jerscy, Brinceton University, 1966). 



Once B ,  and B2 are calculated, the birth rate for each TABLE 154. VALUES OF ~~RSON.YEARS LIVED FROM EXACT AOE x TO 

psriod is obtained by dividing these values by the X + 5 BY A STATIONARY -ATION. S O W l  MODEL LIFE TABLES 

corresponding mid-period populations calculated in step -- Mda F e d v  

4. A &tailed example 
Data gathered by the 1960 census of Brazil are used to 

illustrate the application of this method. The step of the 
procedure are described below. 

Step 1: calculation of life-table estimafes of person-years 
lived The data on children ever born and surviving col- 
lected by the 1960 census of Brazil were used in chapter 
111, subsection E.4(b) to estimate probabilities of sur- 
vivorship in childhood with respect to the West model. 
In chapter VII, subsection C.5, however, it was shown 
that the South model provided a better representation of 
child mortality in this country. Therefore, to obtain esti- 
mates of 5Lo and 5Ls, l(2) was re-estimated using the 
South model. Its value, 0.8491, is consistent with mor- 
tality level 15.21 in the South family of model life tables. 
This level is used now to estimate 5Lo and 5Ls by inter- 
polation. Table 154 shows the ,L, values appearing in 
the Coale and Demeny model life tables at levels 15 and 
16. 

Since the Coale-Demeny model life tables only con: 
tain I Lo and one needs to calculate 5Lo by adding 
these values. Therefore, for males, 

Using these values, interpolation may now be camed 
out as shown below: 

Other values of 5L, are obtained in a similar fashion. 
They are shown in columns (2) and (5) of table 155. 

Step 2: estimafion of mid-periudpopulations. Table 156 
shows the population counts produced by the censuses 
of Brazil since 1950. Intercensal growth rates for each 
period and sex are also given. Each growth rate has been 
calculated according to the equation: 

Thus, for example, for males during the period 1950- 
1970, the growth rate was 

Examination of the set of growth rates given in table 
156 shows that population growth in Brazil slowed 
somewhat during the period 1960-1970. The lower 
growth rate for males observed during that period, how- 
ever, seems suspect. Sex differences in growth rates 
diminish when the 20-year period is considered. Because 
there are reasons to believe that the 1960 census might 
not be of comparable quality with the others, the growth 
rate selected in this case is based on the estimates for 
,1950-1970. The average of the male and female growth 
rates, amounting to 0.0285, is considered representative 
of the growth rate experienced by the Brazilian popula- 
tion around 1960. Therefore, the mid-year populations 
desired are estimated by 

N I = No exp( -0.0285(2.5)] 
and 

Nz = No exp( -0.0285(7.5)] 

TABLE 155. ESTIMATION OF NUMBER OF BIRTHS BY REVERSE SURVIVAL. BRAZIL. 1960 
I%usotnls) 

TABLE 156. TOTAL FOPULATION AT CENSUS DATES AND INTERCENSAL GROWTH RATES BY SEX. BRAZIL 

,-, . . 9 ,  .-, . . 
I July 1950 .......................... 25 885 001 1950.1960 0.0298 26 059 396 0.0294 
I Sept. 1960 ......................... 35 059 546 35 131 824 1960-1970 0.0266 0.0282 
I Sept. 1970 ......................... 45 754 659 46 586 897 1950-1970 0.0282 0.0288 



T A B L ~  157. Bnm RATES BY SEX, ESTIMATED BY REVERSE SURVIVAL, BRAZIL 1960 

where No is the reported population at the time of the 
census. Values of No (the population in 1960) for each 
sex are 35,059,546 males and 35,13 1,824 females. Hence, 
NI and N2 for males (in thousands) are 

The corresponding values for females are shown in 
column (5) of table 157. 

Step 3: estimation of average annual birth rates for the 
nclo per id  pmedng the census. Table 155 
shows the number of males and females enumerated in 
age groups 0-4 and 5-9, denoted by sN,. Using equa- 
tions (B.3) and (B.4), average annual births for each 
period are obtained. The case of male births is illus- 
trated below: 

Once the average annual number of births for each 
period is estimated, calculation of the birth rates is 
straightforward. For example, in the case of males: 

The corresponding estimates for females are shown in 
column (7) of table 157. 

Estimates for both sexes can now be obtained by 
adding male and female births for each period, and the 
male and female mid-period populations separately. 
Then, as usual, the birth rates are found as the ratios of 
total births in a period to total mid-period population. 
Table 158 summarizes results for both sexes. 

When the birth rates estimated by reverse survival are 
compared with those obtained by stable-population 
analysis in chapter VII, subsection C.5, b,,, = 0.0438, 
b, = 0.0416 and b, = 0.0427, stable estimates prove in 
every instance to be higher than the reverse-survival 
estimates for the five-year period immediately preceding 
the census (since the census took place on 1 September 
1960, this period extends from 2 September 1955 to 
1 September 1960 and is denoted by 1956-1960). How- 
ever, the stable estimates are much lower than the 
reverse-survival estimates for the period 195 1-1955. If 
one accepts the stable estimates as true, it would appear 
that both the male and female populations aged 0-4 in 
1960 were underenumerated by approximately 6 per 
cent, while those in age group 5-9 were overenumerated 
by about 3 per cent. Although part of the apparent 
excess in age group 5-9 may be caused by upward 
transfers of younger children, it is clear that if the stable 
estimates are correct, transfers alone cannot explain the 
deficit observed in age group 0-4. Hence, one must 
accept either that fertility fell during the five-year period 
immediately preceding the 1960 census or that the 
birth-rate estimates obtained by reverse-surviving the 
population aged from 0 to 4 constitute a lower bound for 
the true birth rate of the Brazilian population during the 
period 1956-1960. As is often the case, the latter possi- 
bility is more likely. 

C. THE OWN-CHILDREN METHOD OF FERTILITY 
ESTIMATION 

1. h i s  of method and its rationale 
The own-children method permits the estimation of 

age-specific fertility rates for the 10 or 15 years preced- 
ing a census or survey from information on the 
enumerated number of children classified by single year 
of age and single year of age, of mother. In order to 
obtain the desired age-specific fertility estimates, the 
ownchildren method calls for the reverse-projection of 
these children to the time of their birth. It can be viewed, 
therefore, as a specific application of the method 
presented in the previous section. The point where the 
two methods differ most markedly is on the type of data 

TABLE 158. BIRTH R A ~  FOR BOTH SEXES COMBINED. E ~ I M A T E D  BY they require, and probably the innoviiion intro- 
REVERSE SURVIVAL. BRAZIL. 1960 duced by the proponents of the ownchildren method is 

,wlmtuf the exploitation of seldom-used census information for 
%zq ,, fertility estimation purposes.' Indeed, the "own-children 

Md (-) &ah me 
I 

(1) 
N1 2, bi . 0) (4) Lee-Jay Cho, 'The own-childnn approach to fertility estimation: 

1 ................ 65 362.8 2 614.1 0.0400 an elaboration", Intematioml Popuhtion Con e r n e ,  Likge. 1973 
2.. .............. 56 687.1 2 496.2 1974, vd. 2, pp. 263-280. 

C 0.0440 (Lib e, International Union for the Scientific tudy of Population, 



tabulation" (children by single year of age and single 
year of age of mother) which constitutes the basis of this 
method can only be made if enumerated children are 
linked in some way to their mothers. When the method 
was first proposed, censuses did not usually include a 
direct question making this linkage. It was therefore 
necessary to infer the mother-child link from informa- 
tion on relationship to the head of the household and 
from the compatibility between the age of the presumed 
mother and those of her children. Hence, the traditional 
own-children method involves more than an estimation 
procedure; it also includes a set of criteria to perform 
the mother-child linkage in any given case. Because the 
linkage process falls outside the scope of this Manual 
and because in recent censuses and surveys a direct 
question identifying the mother of each enumerated 
child has often been included (making the linkage 
unnecessary), the matching criteria are not presented 
here. 

As mentioned above, age-specific fertility rates are 
estimated essentially by the reverse projection of 
enumerated children to the time of their birth. There- 
fore, these estimates are usually not as smooth as one 
would like because, just as in the case where reverse pro- 
jection is used to estimate birth rates by single years, 
they are derived from enumerated children classified by 
single year of age, so that differential completeness of 
enumeration, age-misreporting and age-heaping will 
affect them substantially. Hence, it is not unusual to find 
that the fertility rates estimated for the year immediately 
preceding the time of enumeration are too low or that 
those obtained from children aged 5 or 10 are too high. 
Averaging the results that refer to contiguous age groups 
is a way of reducing the effects of age-heaping. 

The own-children method is attractive because it per- 
mits the detailed estimation of fertility from data that 
are almost invariably collected by censuses and because 
it does not depend upon any assumptions about fertility 
trends and is not very sensitive to assumptions about 
recent changes in the level of mortality. However, it 
clearly requires detailed estimates of mortality for both 
children and females, refemng at least to the decade 
preceding the time of enumeration. If only one set of 
mortality rates is used in reverse projection of the popu- 
lation, mortality is implicitly assumed to have remained 
constant during the period considered. Yet, the method 
itself does not require such an assumption and one is 
free to use different mortality schedules for different 
periods when evidence of changes in mortality exists. 

The own-children method is also appealing because, 
in principle, it is capable of estimating fertility at 
different points in time and, therefore, of estimating 
trends as well as levels. The existence of age-heaping 
and differential completeness of enumeration, however, 
ofien frustrates these hopes. For instance, given the 
known deficiencies of census enumerations, it would be 
naive to interpret the drop in fertility rates during the 
two or three years immediately preceding a census as an 
indication of the occurrence of a fertility decline. Such a 
spurious trend is more likely to be caused by the 
uriderenumeration of young children. 

In practical applications, the own-children method 
provides a reasonable estimate of overall fertility level 
(especially when only the estimates derived from 
enumerated children above age 3 are considered) and a 
rough idea of trends. In populations where age-reporting 
is accurate (those of Chinese origin, for example), it per- 
forms remarkably well. In traditional applications of the 
own-children method (where the child-mother linkage 
has to be performed indirectly), the estimates it yields 
tend to be affected by what is known as the "grand- 
mother effect" caused by the erroneous allocation of 
children to their grandmothers. This type of error is 
reduced when a direct question linking children to their 
mothers is asked. 

The own-children method was first developed to study 
fertility differentials between different subgroups of a 
population;4 and it remains an important tool for studies 
of this kind. However, in using it for this purpose one 
must bear in mind two points: first, if there is reason to 
believe that the subgroups considered are subject to 
different mortality levels or patterns, it is important to 
incorporate different mortality estimates for each sub- 
group in the application of the method; secondly, if the 
subpopulations under study are not closed, careful 
interpretation of the results obtained is required. For 
example, consider the estimation of fertility by the 
ownchildren method for the rural and urban popula- 
tions of a country at a given point in time, r .  When one 
reverse-projects the urban population of time t to time 
r - a ,  say, the result does not necessarily represent the 
urban population at time r - a .  Both would be the same 
only if the urban population had been closed between 
time t - a  and time t ,  or if there were no fertility or 
mortality differentials between the urban and rural 
populations of the country in question. 

Lastly, it must be pointed out that the own-children 
method of fertility estimation provides valuable 
independent estimates of total fertility that may be used 
to assess the quality or plausibility of those obtained by 
other means. 

2. Data required 
The data required for this method are described 

below: 
(a) The enumerated children (persons under 15) 

whose mother was identified, classified according to sin- 
gle year of own age and single year of age of mother; 

(b) Children (persons under 15) whose mother could 
not be identified, classified by single year of age; 

(c) All women (irrespective of whether they are moth- 
ers), classified by single year of age. In general, these 
data are needed only for the age range from q to v+y, 
where 1) and v are the lower and upper limits of the 
reproductive age span, respectively, and y is the number 
of age groups used in classifying the children. If one 
assumes that q and y equal 15, and v equals 49, the 

Lee-Jay Cho. Wilson H. Grabill and Donald J .  Bogue. Di/erenrral 

Community and Family Study Center, 1971). 
6 '  Current Fertility in the United Stares (Chicago. University of hicago. 



number of women aged from 15 to 64, classified by sin- 
gle year of age, is sufticient; 

(d)  Estimates of child survivorship. In fact, the proba- 
bilities of surviving from birth to the age group from x 
to x +1, lL, for x = 1, 2, ..., 15, and for the 15 or so 
years preceding the point of enumeration are required. 
In practice, however, a complete set of I& is rarely 
available. Therefore, the computational procedure 
described below includes some steps for calculating 
these probabilities from other indirect information; 

( e )  Estimates of female adult mortality. Again, the 
probabilities of surviving from age q to exact age x ,  for 
x  = r) + 1,r) + 2 ,..., v + y,andforthe 15yearsorso 
preceding the time of enumeration are required. 
Methods for calculating them from other indirect infor- 
mation are described below. 

3. Gmputationalprocedure 
The steps of the computational procedure are given 

below: 
Step 1: Mstribution 4 children d t h  m'dentified 

mother. This step can only be performed if the children 
whose mother could not be identified at the matching 
stage @robably because the mother had died or because 
she did not live in the same household as her child or 
children) are tabulated by single year of age. In general, 
it is important to incorporate these children in the appli- 
cation of the ownchildren method, since their elimina- 
tion will certainly lead to underestimates of fertility lev- 
els. The purpose of this step is to estimate the probable 
distribution of the unmatched children according to age 
of mother on the basis of information on children whose 
mother could be identified. 

If one denotes by Ux the number of unmatched chil- 
dren aged x ,  and by e the children aged x whose 
mother's age at the time of enumeration was a ,  then an 
estimate of @, the number of unmatched children 
whose mother's age was a can be obtained by 

where r) and v are the lower and upper limits of the 
childbearing ages, respectively, and y is the number of 
age group used in classifying the children. 

If one extends the notation used so that 

equation (C.l) can be rewritten as 

that is, it states algebraically that the distribution of 
unmatched children of age x  according to age of mother 
is identical to that observed among children of age x 
whose mothers were identified. Although this identity 
may not hold exactly in reality, it seems the most rea- 
sonable approximation given the data available. 

Step 2: estimation of surviwrship prohbilities for chil- 
h a  The probabilities of surviving from birth to the age 
group from x to x + 1 for x = 0, 1,2, ..., (y - l), denoted 
by ,&, are needed to reverse-project the enumerated 
children to the time of their birth. According to the data 
available, estimates of these probabilities may be 
obtained by a variety of procedures, only one of which is 
described here. It assumes that a good estimate of the 
mean level of child mortality prevalent in the population 
under study during the 15 years or so preceding 
enumeration is available (see chapter 111). This estimate 
may be expressed either as a level within any of the 
Coale-Demeny families of model life tables, or as a pair 
of parameters a and /3 defining a life table in one of the 
four logit systems generated from level 16 female life 
tables of the Coale-Demeny models (see chapter I, sub- 
section B.4). 

When a Coale-Demeny level is provided as an esti- 
mate of child mortality, it is possible to transform it into 
equivalent values by identifying the a and /3 param- 
eters that define that level within the logit system gen- 
erated by female level 16 of the life-table family 
selected. Table 159 presents the a and /3 values that 
identify the printed male and female levels of the life 
tables for the 0-15 age range. Linear interpolation 
between these values makes the identification of a and /3 
straightforward. 

using these a and /3 values in conjunction with the 
suitably interpolated standard (l(x) values by single 
year of age for female level 16 of each of the Coale- 
Demeny families of model life tables are listed in annex 
XI) and the inverse logit transformation, an estimated 
life table 1 *(x) by single year can be calculated and the 
desired values obtained. 

.When estimated child mortality is already expressed 
as a pair of a and /3 values, only the inversion of the 
logit transformation is necessary to obtain 1 *(x). 

Although this procedure yields I& values that are 
slightly different from those which would be obtained by 
direct interpolation between the different levels of the 
model life tables themselves, it does not require an 
unmanageably large set of constants that would make its 
computer implementation awkward. Furthermore, since 
the standard used has already 'been interpolated by sin- 
gle year of age, derivation of 1 *(x) estimates by single 
year is relatively simple. These reasons recommend it for 
inclusion here. 

Step 3: estimation of survivorship probabilities for h l t  
females. In order to reverse-project the female popula- 
tion to each of the y years preceding the time of 
enumeration, survivorship probabilities of the type 
,La l I  Lo -, for 0 ( x  ( y and r) (a ( v  + y are required. 
Just as in the case of children, several procedures may 
be used to estimate the set of female IL, values by single 
year of age. The one presented here is analogous to that 
described above for children, and it also assumes that 
the mean level of adult mortality prevalent in the female 
population under consideration during the 10 or 15 
years preceding enumeration is known (the estimation 
methods described in chapters IV and V may be used to 



TABLE 159 . VALUESOF PARAMETERS a ANDB DETERMINING THE COALE-DEMENY MODEL LIFE TABLES FOR CHILDHOOD IN THE 
LOOIT SYSTEM GENERATED BY FEMALE LEVEL 16 IN THE CORRESPONDING FAMILY 

Nmh mdrl 

ascertain this level) . Estimates of female adult mortality 
can be expressed as a level within a given family of the 
Coale-Demeny life tables. or as a pair of a and B 
parameters identifying a life table within one of the four 
logit systems generated by-the four female level 16 life 
tables of the Coale-Demeny families . The transforma- 
tion of such mortality estimates into single-year 
vahes is camed out as described in step 2. but the 
identification of the a and /3 parameters on the basis of a 

given Coale-Demeny level must be performed by using 
table 160. specifically designed to cover age range 10-64 
for females . Further details about this calculation pro- 
cedure are presented in the example given below . 

Step 4: reverse survival of children Just as in the case of 
the simple rcverse-sulvival method. the number of chil- 
dren born in year r - x  (r being the time of enumera- 
tion) to women aged a - x  is estimated by 

MPz-=(cf G)l,L . (C.4) 



TABLE 160. VALUESOF PAMMETERS a ANDB DETERMININO THE COALE-DIMENY MODEL LIFE TABLES FOR AWLT FEMALES I N  THE 
LOOIT S Y m M  GENERATED BY FEMALE LEVEL 16 IN THE CORRESPONDINO FAMILY 

Note that the number of unmatched children whose 
mother was estimated to be aged a at the time of 
enumeration must be added to the children whose 
mother was identified and aged a before the whole is 
reverse-survived. Note also that equation (C.4) must be 
applied for x ranging from 0 to (7- 1) and for all age 
group of mother (q<a <r +y). 

The quantity Mp:; represents the number of births 
occurring during a year (t -x - 1, t -x) to women who 
are between exact ages a and a + 1 at time t . Therefore, 
Mp:. are births to women whose ages ranged between 
a -x -rI and a -x + l  (exclusive) during the year 
(I -x - 1, t -x), so that some adjustknent is necessary to 
obtain the births occumng during that year to women 
whose ages ranged only between a -x and a -x + 1. 
The simplest type of adjustment consists of taking the 
average of Mp2;-, and to represent the desired 
number of births. This average is denoted by Bp:;. 

Strp 5: nwm su~l'val of&t f d e s .  Women aged a 
at time t, v ,  must be reverse-survived to times t -x, 
for 0 <X <y. The equation used in this case is 

or, equivalently, 

Thus, when one is performing the calculations by hand, 
it is easier to calculate first the set of el1& values and 
then to multiply them by -, for x ranging from 0 to 
Y. 

Note that the value of WI; obtained in this way 
represents the number of women whose ages ranged 

between a -X and a -X + I  (exclusive) at exact time 
t -x. Yet, the number of women that should be used as 
denominator for B E  in calculating age-specific fertility 
rates is the mid-period female population during the 
year (t -x -1, t -x). This population, denoted by 
NpZ;, can be estimated, as usual, by 

Step 6: dculation ofupspccifi fertility mtw. The cal- 
culation of fertility rates specific by single year of age 
and time period is now straightforward, since 

M 

where f ,  -,(a) denotes the fertility rate corresponding to 
age a during the year (t -x - 1, t -x). However, due to 
age-reporting errors, rates by single year are likely to be 
erratic. Furthermore, since other methods of estimation 
usually yield fertility rates specific by five-year age 
group, it may be necessary, for comparison purposes, to 
calculate conventional five-year age group estimates. 
This calculation' is carried out by cumulating the single- 
year fertility schedules just estimated to obtain F, _, (a), 
that is, 

a - I 
4- ,(a)= C f , - , ( y )  (C.9) 

.v ='I 

and then calculating the usual five-year estimates, 
denoted by f, -, (i ), by differencing 



TABLE 16 1 . OWNCHILDREN DATA. WITH CHILDREN CLASSIFIED BY SINGLE YEAR OF AGE AND 
SINGLE YEAR AGE OF MOTHER~OLOMBI A. 1978 

58 ................ 
59 ................ 
60 ................ 
6 1 ................ 
62 ................ 
63 ................ 
64 ................ 
Not known' 

TOTAL 

' Age of mother could not be determined . 

In some cases. errors in the reported ages of young 
children may produce sequences of five-year age group 
fertility rates that are still fairly erratic . To obtain a 
smoother sequence of estimates. averages of the rates for 
adjacent years are often calculated . Their calculation is 
illustrated in the detailed example given below . 

4 . A detailed example 
The data presented in table 161 serve to illustrate the 

application of the ownchildren method of fertility esti- 

mation . They were obtained from a survey conducted in 
Colombia in 1978 . That survey included a question on 
identification of mother at the household level . (The 
data shown in table 161 have not been weighted.) 

Step 1: redstribution of chilakn with unidentijed 
mother. The penultimate row of table 161 gives the 
number of children whose mother could not be found in 
the household in which they were enumerated . They are 
to be redistributed over the columns above them 
(tepresenting the distribution of all other children with 



respect to mother's age). The last row of table 161 gives 
the totals of each column. In the notation used above, 
these totals equal C, + Ux for 0 <x < 15. According to 
equation (C.3), 

G? = C( ux ICX 1, (C. 1 I) 

and since, as noted in step 4 of the computational pro- 
cedure, the number of children who are to be reverse- 
projected to birth is c+c, this quantity can be 
expressed as 

C+G= C,O(I.0+Ux /CX), (C. 12) 

that is, for a given age of children (a column in table 
161), the desired c+G values can be obtained merely ' 
by multiplying every envy by the factor Kx = (1.0 
+ ux  /C,). 

For example, consider children aged 8 years. Accord- 
ing to table 161, a total of 1,529 children aged 8 were 
enumerated. Of these, 145 had no mother present. 
Therefore, those with identified mother amount to 1,384 
= Cx . Hence, 

Values of K, for O<x <IS are given in table 162. 
When making the calculations by hand, it is not neces- 
sary to calculate the values proper. It suffices to use 
the factors Kx to adjust at a later stage (step 4) the 
estimated number of births resulting from the reverse 
survival of children whose mothers were identified. 

Step 2: estimation of survivorship probabilities for chil- 
h a  Assume that by other methods based on indepen- 
dent data sources (such as children ever born and 
surviving) it is known that the level of child mortality 
prevalent among the Colombian population during the 
period 1963-1978 is approximately equal to 17.2 in the 
North family of Coale-Demeny models for both sexes 

TABLE 162. VALUES OF THE EXPANSION FACTORS. K, , USED IN ADJUST- 
MENT OF OWNCHILDREN DATA FOR THE EXISTENCE OF CHILDREN 
wrmotrr MOTHER COLOMY~ 1978 

combined. According to table 159, the values of param- 
eters a and /I associated with levels 17 and 18, North 
model, sex female are 

a h  = -0.1287 and fl{7 = 0.9564; 

a& = -0.2683 and /I& = 0.9093. 

Thus, the a and /I values associated with level 17.2 for 
females can be obtained by interpolation as follows: 

and 

Following the same procedure in the case of males, 
values of a and fl for males for level 17.2 are estimated 
as 

afi.2 = -0.1228 and Pfi.2 = 0.8978. 

Using these values of the a and # parameters and the 
standard selected, level 16 for females in the North fam- 
ily of model life tables (see annex XI), l(x) values for 
ages from 1 to 16 can be calculated using the inverse 
logit transformation (see chapter I, subsection B.4). The 
equations needed are 

A@)= a+flhs(x) (C. 13) 

and 

I@)= [1.0+ exp(2.0 h(x))]-' (C. 14) 

where A(x) denotes the logit transformation of I@); and 
equation (C.14) defines the inverse of the logit transfor- 
mation. The subindex s is used to denote the standard. 

For example, to estimate l(2) for females, one notes 
first that A, (2)= - 1.1332 (copied from annex XI). 
Therefore, 

so that 

In an analogous way, l(2) for males may be calculated 
as follows: 



Hence lb (2), the probability of surviving from birth to 
exact age 2 for both sexes combined may be calculated 
as 

assuming that the sex ratio at birth is 1.05 males per 
female. 

Table 163 gives other l(x) values for males, females 
and both sexes combined. Once these values have been 
calculated, the desired survivorship probabilities, IL, 
arc obtained by averaging contiguous I(%) values. For 
example, 

T l u L e  163. ESTIMATES OF PROMBILITIESOF SURVIVINO. I(x ) AND 
,L,. FOR CHILDREN. NORTH MODEL. COLOMBIA, 1978 

The only exception is ,Lo, the calculation of which 
requires an estimate of the separation factor for deaths 
under age one. This factor can be estimated using the 
equations proposed by Coale and ~ e m e n q ;  the form 
and coefficients for these equations are shown in table 
164. In the case at hand, 9 (l)= 1.0-1/ (1) = 0.0635 and 
q, (l)= 0.0758, so both are less than 0.100. Hence, the 
coefficients for case A are used to estimate S for each 
sex separately as follows: 

so that 

and 

I L! = [(1.05)(0.9439) +0.95 181 /2.05 

= 0.9478. 

This and other values of for both sexes combined 
are given in column (5) of table 163. 

TABLE 164. COEFFICIENTS FOR ESTIMATION OF SEPARATION 
FACTORS FOR AOE OROUP 0- 1. COALE-DEMENY MODEL LIFE TABLES 

CapcA:q(l) <0.100 
North,  S o u t h  

and West  ............................... 0.0500 3.000 0.0425 2.875 
East ........................................ 0.0100 3.000 0.0025 2.875 

Carr B: q(1) ) 0.100 
North. S o u t h  

a n d W e s t  ............................... 0.3500 0.000 0.3300 0.000 
............................................ East 0.3500 0.000 0.2900 0.000 

Equation: S = al + blq(l) 

Step 3: estimation of survivorship probabilities for &t 
Pmdes. The procedure followed in estimating these prob- 
abilities is very similar to that illustrated in the previ- 
ous step. The main difference is that only females need 
to be considered and the translation of a given mortality 
level into values of a and /3 is made by using table 160. 
In the case at hand, assume that independent informa- 
tion (orphanhood data, for example) has shown that 
female adult mortality in Colombia during the period of 
interest (1963-1978) is well represented by level 16.6 of 
the West model life tables. Then, according to table 160, 
the a and /3 values associated with levels 16 and .17 are, 
respectively, 

a16= 0.0012 and 1.0015; 

an = -0.0787 and /In = 1.0218. 

The values corresponding to level 16.6 are obtained 
by interpolation as follows: 



Once these a and B values have been calculated, 
equations (C.13) and (C. 14) can be used to estimate I(x ) 
by single year of age. For example, for x = 35, annex XI 
shows that &(35)= -0.6661 for the West model. Hence, 

and 

Other values of 1 ( x )  are shown in columns (2) and (5) 
of table 165. From these values, IL, values are calcu- 
lated by taking successive averages. For example, 

The complete sequence of L, values is given in 
columns (3) and (6) of table 165. 
Step 4: mnm swvivol of chi- Using the values 

shown in table 161 and the IL, estimates presented in 
table 163, the reverse-projection of enumerated children 
is straightforward. For example, to estimate the births 
occurring in 1970 to women aged 25, one proceeds as 
follo*: 

so that 

The full set of BP_, values is given in table 166. Note, 
however, that the headings used in table 166 do not 
correspond exactly to the notation used so far. The &70 

estimates, for example, appear in the column labeled 
"1%9/70". This heading is used to suggest explicitly 
that the births being estimated occurred during parts of 
both the 1969 and the 1970 calendar years. The exact 
portions involved depend upon the date on which 
enumeration (the survey in this case) took place in 1978. 
Only if enumeration had taken place 3 1 December 1978 
would the #970 estimates refer exclusively to 1970. 
Although the table headings used may be slightly 
confusing for the beginner, they have been adopted 
because they match those appearing in the output of 
computer programs that implement the own-children 
method and because, in fact, they are more accurate 
than the algebraic notation being used. The latter does 
not refer explicitly to two contiguous calendar years in 
each case only because such practice would render it 
even more awkward and imposing. 

Lastly, note should be taken that in table 166 the 
entries for women aged 14 are not the result of averag- 
ing births belonging to two different age groups. They 
are just the values of Mp-;* when a -x = 15. Since they 
represent boundary values, there is always some uncer- 

TABLE 165. ESIIMATES OF ?ROBABILITIES OF SURVIVINO. I ( x )  AND 
FOR ADULT FEMALES, WEST MODEL. COLOMBIA. 1978 



* 
rl+* 
#a I W 1 1 W  6(WIf%3 1%511%6 1%611%7 IW71IWb l W N 9 6 9  196911970 197011971 197111971 197211973 1973N974 197411975 197511976 197611977 1977N978 

................ 14 8.19 10.79 14.89 14.28 6.47 11.35 8.82 18.88 8.80 14.68 13.29 3.58 6.94 3.39 14.05 
15 ................ 17.75 20.9 1 18.27 17.52 14.23 18.92 15.12 24.55 15.72 17.74 18.12 9.56 13.29 10.73 13.51 
16 ................ 2 1.84 36.42 26.40 32.45 28.45 28.39 30.23 36.5 1 29.56 26.30 40.46 27.48 23.70 29.36 18.91 
17 ................ 34.13 37.10 46.02 54.52 44.62 32.80 45.35 54.13 46.53 48.32 56.76 47.79 39.88 46.30 43.76 
I8 ................ 65.53 60.70 59.56 64.90 58.20 55.51 55.43 67.35 62.88 61.77 64.61 7 1.68 58.38 57.03 66.99 
19 ................ 78.49 7824 71.74 62.30 75.66 79.48 79.99 74.90 72.95 72.78 70.65 93.78 76.30 71.14 77.26 
20 ................ 83.96 64.75 79.86 71.39 81.48 88.31 88.8 1 97.56 78.61 86.24 75.48 93.19 90.17 85.26 83.74 
21 ................ 92.15 73.52 81.22 85.02 87.30 82.01 90.07 104.49 91.33 93.16 87.52 94.95 91.13 81.52 92.59 
22 ................ 97.61 91.73 96.11 86.96 92.47 92.73 91.33 101.34 103.13 97.25 77.90 91.39 95.37 83.56 90.77 
23 ................ 109.89 102.52 108.29 83.07 86.01 99.04 89.44 95.67 102.50 88.07 94.81 76.46 87.86 83.00 95.63 
24 ................ 105.80 97.12 110.32 79.18 91.18 88.31 90.70 93.16 88.67 91.74 97.83 83.03 78.03 85.26 99.4 1 
25 ................ 101.02 80.94 1 1  1.67 90.86 92.47 86.42 79.99 88.12 80.49 79.51 90.58 83.63 84.97 72.27 88.60 
26 ................ 86.00 89.03 99.49 96.70 93.12 73.81 89.44 81.83 79.23 66.67 76.09 72.28 74.57 74.53 70.78 
27 ................ 63.48 78.91 95.43 77.88 92.47 75.70 95.1 1 77.42 64.77 78.29 66.43 58.54 70.52 72.83 76.18 
28 ................ 77.13 72.84 84.60 81.12 78.25 85.16 83.14 79.50 69.17 67.89 67.63 53.76 64.74 66.62 70.78 

L 29 ................ 73.72 77.56 73.09 69.44 76.31 68.76 79.36 76.16 62.88 63.00 55.56 62.72 63.01 55.90 50.79 
30 ................ 66.21 62.73 75.80 42.18 67.25 61.19 71.18 79.3 1 55.97 59.94 62.80 60.33 60.12 50.25 47.54 
31 ................ 62.11 71.49 62.94 59.71 56.91 60.56 71.18 72.39 66.03 55.05 58.58 47.79 45.66 46.86 47.00 
32 ................ 51.87 62.73 81.22 62.95 71.13 52.36 59.84 74.90 59.11 58.72 4932 39.42 43.35 37.83 5 1.87 
33 ................ 59.38 49.24 73.09 53.87 66.61 50.47 42.83 64.20 54.71 45.26 55.56 47.79 42.20 35.57 45.92 
34 ................ 58.70 66.77 56.17 44.13 61.43 44.16 52.91 47.2 1 47.79 39.14 52.54 48.98 44.5 1 32.18 36.20 
35 ................ 58.70 67.45 74.45 38.29 52.38 42.26 44.09 53.50 33.33 37.31 49.52 35.84 37.57 28.80 34.58 
36 ................ 46.41 55.31 66.33 49.97 36.86 32.17 41.57 42.80 39.62 29.36 39.86 34.05 30.64 32.75 3 1.88 
37 ................ 34.13 44.51 56.17 41.54 43.97 31.54 45.98 31.47 40.87 34.86 24.15 34.05 33.53 3 1.62 28.63 
38 ................ 32.76 24.96 46.02 33.75 39.45 43.53 43.46 23.29 37.10 28.13 23.55 26.88 3 1.79 22.58 22.69 
39 ................ 25.94 21.58 31.81 27.91 32.33 35.33 5 1.65 28.32 28.93 20.80 22.95 26.88 19.07 14.68 25.93 
40 ................ 24.57 23.61 23.01 21.42 25.87 24.60 37.16 37.77 24.52 20.18 19.93 21.50 15.03 7.34 2 1.07 
41 ................ 17.06 18.88 17.60 20.12 14.87 19.56 16.38 27.70 28.93 20.18 16.30 14.34 9.25 8.47 7.02 
42 ................ 11.60 14.84 16.24 14.28 10.99 12.62 13.23 17.62 18.87 22.63 14.49 8.96 5.78 7.90 9.72 
43 ................ 12.97 8.77 8.80 11.68 9.05 9.46 1 1.34 9.44 9.43 15.29 12.08 8.36 8.67 3.95 8.10 
44 ................ 8.19 6.74 4.06 7.79 8.4 1 6.3 1 6.30 5.66 5.66 7.95 5.43 9.56 4.05 3.39 4.32 
45 ................ 5.46 4.72 3.38 3.89 4.53 5.68 3.15 5.04 5.66 4.89 3.62 5.97 2.89 3.95 5.40 
46 ................ 4.78 3.37 2.7 1 3.89 3.23 3.78 2.52 3.78 5.03 3.06 3.62 1.79 3.47 3.95 3.24 
47 ................ 1.37 4.05 3.38 3.24 3.88 1.26 1.26 3.78 3.14 4.28 2.42 0.00 2.3 1 2.26 2.70 

................ 48 1.37 1.35 2.71 1.30 3.23 5.05 1.89 2.52 3.14 3.67 1.21 1.19 1.73 0.00 1.62 
49 ................ 0.68 0.67 0.68 0.65 1.94 4.42 1.89 1.26 1.26 2.45 1.21 1.19 1.16 0.56 1.62 

Norr: The figt~rcs in this table were genemted by computer . They may not coincide with those given in the text due to mnding and truncation in intermediate calculations . 
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14 ................ 405.24 40838 381.10 444.44 452.11 462.60 523.96 522.15 554.84 578.52 629.14 702.12 695.17 727.96 756.64 
15 ................ 385.94 40436 407.49 380.27 443.48 451.13 461.60 522.82 521.02 553.63 577.27 627.78 700.59 693.66 72638 
16 ................ 340.54 384.96 403.34 406.47 37931 442.36 449.99 460.43 521.51 519.70 552.23 575.81 626.19 698.83 691.91 
17 ................ 309.85 339.65 383.95 402.28 40539 378.31 441.19 448.80 459.22 520.13 518.33 550.78 574.29 624.54 696.98 
18 ................ 325.61 308.99 338.71 382.89 401.16 404.27 377.26 439.97 44756 457.95 518.69 516.89 549.25 572.70 622.81 
19 ................ 280.66 324.63 308.06 337.69 381.73 399.96 403.06 376.13 438.65 44621 456.57 517.13 515.34 547.60 570.98 
20 ................ 30521 279.75 323.57 307.06 336.59 380.50 398.66 401.75 374.91 437.22 444.77 455.09 515.45 513.67 545.83 
21 ................ 313.61 304.18 278.81 322.48 306.03 335.46 379.21 397.32 40039 373.64 435.75 443.27 453.56 513.72 511.94 
22 ................ 300.41 312.52 303.12 277.83 321.36 304.95 33428 377.89 395.93 398.99 37234 434.22 441.72 451.97 511.92 
23 ................ 340.01 299.29 31135 301.98 276.79 320.15 303.81 333.03 376.47 394.44 397.50 370.94 432.60 440.06 450.28 
24 ................ 300.22 338.73 298.16 310.17 300.85 275.75 318.95 302.67 331.78 375.05 392.96 396.00 369.55 430.97 438.41 
25 ................ 30227 299.05 337.41 297.00 308.97 299.68 274.68 317.71 301.49 330.49 373.59 391.43 394.46 368.11 429.29 
26 ................ 279.25 301.06 297.84 336.06 295.81 307.72 298.47 273.57 316.43 30028 329.16 372.09 389.85 392.87 366.63 
27 ................ 223.75 278.22 299.95 296.75 334.82 294.72 306.59 297.37 272.57 315.26 299.17 327.94 370.72 388.42 391.43 

................ 28 250.01 222.82 277.05 298.70 295.51 333.42 293.49 30531 296.13 271.43 313.94 297.92 326.57 369.17 386.79 
29 ................ 217.97 248.81 221.75 275.73 29726 294.09 331.82 292.08 303.85 294.71 270.13 312.44 296.49 325.01 367.40 
30 ................ 254.58 217.00 247.71 220.76 274.50 295.W 292.78 330.34 290.78 302.49 293.40 268.92 311.05 295.17 323.56 
31 ................ 241.75 253.41 216.00 246.57 219.75 273.24 294.58 291.43 328.82 289.44 301.10 292.05 267.69 309.62 293.82 
32 ................ 203.58 240.60 252.21 214.98 245.40 218.70 271.94 293.18 290.05 327.27 288.07 299.67 290.66 266.42 308.15 
33 ................ 261.69 202.61 239.46 251.01 213.96 244.23 217.66 270.65 291.79 288.67 325.71 286.70 298.25 289.28 265.15 
34 ................ 229.83 260.37 201.59 23825 249.75 212.88 243.00 216.57 269.29 290.32 287.22 324.07 285.26 296.75 287.82 
35 ................ 252.85 228.64 259.02 200.55 237.02 248.45 21 1.78 241.74 215.45 267.89 288.82 285.73 322.39 283.78 295.21 
36 ................ 237.05 251.53 227.45 257.67 199.50 235.79 247.16 210.67 240.49 214.33 266.50 28731 284.25 320.71 282.30 
37 ................ 164.78 235.75 250.15 22620 256.26 198.41 234.49 245.80 209.52 239.17 213.15 265.04 285.74 282.69 318.96 
38 ................ 17834 163.87 234.45 248.77 224.95 254.85 19731 233.20 244.45 208.37 237.85 211.98 263.58 284.16 281.13 
39 ................ 166.49 17731 162.92 233.09 247.33 223.65 253.37 196.17 231.85 243.03 207.16 236.47 210.75 262.05 282.52 
40 ................ 186.42 165.52 176.28 161.97 231.73 245.89 222.35 251.89 195.03 230.50 241.62 205.95 235.09 209.52 260.52 
41 ................ 180.05 18531 164.53 17522 161.00 230.34 244.42 221.01 25039 193.86 229.12 240.17 204.72 233.69 208.26 
42 ................ 155.85 178.92 184.14 163.50 174.12 159.99 228.90 242.88 219.62 248.81 192.64 227.68 238.66 203.43 232.22 
43 ................ 153.14 154.85 177.77 182.95 162.44 173.00 158.96 227.42 241.31 218.21 247.21 191.40 226.21 237.12 202.12 
44 ................ 121.70 152.10 153.80 176.57 181.72 161.35 171.83 157.89 225.88 239.68 216.73 245.54 190.11 224.68 235.52 
45 ................ 171.99 120.84 151.03 152.72 17532 180.44 16021 170.62 156.77 224.29 237.99 215.20 243.80 188.76 223.10 
46 ................ 175.05 170.70 119.93 149.90 151.57 174.00 179.08 159.00 16934 155.60 222.61 236.21 213.59 241.98 18735 
47 ................ 117.53 173.68 16937 118.99 148.72 150.39 172.64 177.68 157.76 168.01 154.38 220.86 234.36 211.92 240.08 
48 ................ 121.53 116.5'7 I7226 167.99 118.02 147.51 149.16 171.23 176.23 156.47 166.64 153.12 219.06 232.45 210.19 
49 ................ 104.76 120.46 115.55 170.75 166.51 116.99 146.22 147.85 169.73 174.69 155.10 165.18 151.78 217.14 230.41 

Norcr The figurn in this tabk we= genentcd by computer . They may not coincide with (hoe given in the text due to rounding and truncation in intcnndiite calculatio w 



tainty about their accuracy, and it is perhaps better to 
ignore them when computing total fertility. 

Step 5: nvcm survival of adult females. Using the L, 
values shown in table 165, the reverse projection of 
females given in table 161 is carried out by using equa- 
tion (C.5), or (C.6) when the calculations are being 
made systematically in two steps by hand. As an exam- 
ple, the female population aged 25 at the middle of a 
year (1969170) is calculated. As intermediate steps one 
needs to compute w:& and w:& by 

and then to compute their average as 

All values of NP_, are given in table 167. 
Step 6: calculation of age-specijic fertiliy rates. The 

calculation of age-specific fertility rates by single years, 
denoted by f, -,(a), using equation (C.8), is simple. For 
example,' 

Other values of f t  -,(a) are shown in table 168. From 
these values, the calculation of five-year age-specific fer- 
tility rates, denoted by f t  -,(i), is carried out using a 
modification of equation (C.lO) as illustrated below: 

Other estimates of ft-,(i) are given in table 169. 
They are obtained by averaging the relevant f t  -,(a) 
values, as specified by the next general equation: 

14+5i 

ft-X(i)= 2 f,-,(a) (c. 15) 
a = IO+Y 

Tables 168 and 169 also show values of total fertility. 
In both cases, they are obtained by adding the f t  -, (a) 
values or the f, -,(i) values multiplied by five to take 
into account the fact that the latter values represent 
five-year averages. The difference between the total fer- 
tility values appearing in table 168 and those shown in 
table 169 is due to the fact that the values given in table 
168 include the fertility rates for age 14, whereas those 
shown in table 169 do not. 

Note that every set of fertility rates and total fertility 
estimates is labelled with a pair of years, indicating the 
period to which the rates refer. According to the nota- 
tion used in this section, the second or last year of each 
period is that denoted by (t - x ) .  

Consider the sequence of total fertility estimates 
obtained by the application of the own-children method 
(given in table 169). In general, these estimates tend to 
increase as one moves into the past. There are, however, 
some exceptions to a monotonical increase. The esti- 
mates for the single-year periods 1965/66 and 1967/68 
are higher than those of the neighbouring years. They 
are estimates derived from children whose reported ages 
in 1978 were 12 and 10 years, respectively. Obviously, 
age-heaping at these preferred ages is the cause of the 
relatively high total fertility estimates associated with 
1%5/66 and 1%7/68. The relatively low total fertility 
estimated for 1966/67 is probably also due to age- 
reporting errors: avoidance of age 11 in 1978. To 
smooth out some of the peaks and troughs observed in 
the raw total fertility estimates, averages of the estimates 
for contiguous years may be calculated. The estimates 
shown in table 170 are obtained in this way; for exam- 
ple, 

f 1967- 1%9(3) = (f 1966/67(3) +f 1%7/68(3) +f 1968/69(3))/3.0 

and 

The smoothed total fertility estimates given in table 
170 increase steadily as one moves further into the past; 
that is, they are consistent with the existence of a long- 
term decline in fertility. The levels they imply are, on 
the whole, satisfactory but should not be interpreted too 
strictly. In particular, it appears likely that the strong 
attraction of age 12 may bias the 1964-1966 estimate 
upward, and that selective omission of young children 
may bias downward the estimate for 1976-1978. Com- 
parison of these estimates with those derived from other 
sources and by other methods is necessary in order to 
validate them. 

To conclude, it must be pointed out that the own- 
children method, as described here, uses unchanging 
mortality schedules for the entire period under con- 
sideration. The modification of the method to the case 
in which mortality changes is straightforward, but it is 
not common to have the information required to esti- 
mate with some confidence a time-series of mortality 
schedules. Therefore, the version of the method 
described here is suited for many of the cases encoun- 
tered in practice. 
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