
ESTIMATION OF FERTILITY BASED ON INFORMATION 
ABOUT CHILDREN EVER BORN 

A. BACKGROUND OF METHODS 

1. Naruw of i n f d m  on chiIcEren ever born 
This chapter describes methods of fertility estimation 

based on data about children ever born. The number of 
children ever born to a particular woman is an aggregate 
measure of her lifetime fertility experience up to the 
moment at which the data are collected. This number 
conveys no information about timing, whether on a per- 
sonal scale, such as age or duration of mamage, or on 
an external scale, such as calendar years. When women 
are grouped according to some other variable, such as 
age or duration of mamage, the average number of chil- 
dren ever borne by the group, also known as their aver- 
age parity, can be computed by dividing the total 
number of children borne by the women in the group by 
the total number of women in the group. The result is a 
measure of the average lifetime fertility experience of 
the survivors of a birth or marriage cohort, but as before 
it conveys no information about the timing of the births. 
When average-parity data are used for analytical pur- 
poses, additional information about timing, either per- 
sonal or external, is introduced from other sources or 
inferred from additional assumptions. Strictly speaking, 
the average parities refer to the survivors of particular 
cohorts, though it is generally assumed that the distor- 
tion introduced by female mortality may be disregarded. 

The foregoing general account gives some indication 
of the strengths and weaknesses of data on children ever 
born. Their main strength is that no dating is involved, 
so that the data cannot be distorted by dating errors. 
This strength is also, of course, a weakness, as by them- 
selves the data refer to no clearly defined time period, 
providing no information about age patterns or time 
trends of fertility. Another weakness is that the informa- 
tion must generally be collected in the form of numbers, 
which may be subject to relatively greater errors than is 
information derived from questions with a simple "yes" 
or "no" response. 

The simplest way of collecting information on chil- 
dren ever born is by the question "How many children 
have you ever borne alive?", the expected answer being 
a number. Note that this question concerns only chil- 
dren born alive, excluding stillbirths and other foetal 
deaths. It is important to adhere to this definition 
because all the methods of analysis currently available 
are based strictly on live births, and because it is likely 
that the completeness of reporting of stillbirths may vary 
widely from one society to another. The simple question 
quoted above has been extensively used, but examina- 

tion of the results it yields suggests that children are 
sometimes omitted, particularly by women aged 35 and 
over. Children who have left home or who have died are 
particularly likely to be omitted, so that questions focus- 
ing on these two groups may be expected to produce 
better results (practice seems to support this expectation, 
although it is difficult to disentangle the effects of 
improved education and improved phrasings of the 
basic question). It is therefore recommended that when 
the time allotted to each interview and the questionnaire 
space pennit, the basic question be broken down into 
three parts, becoming "Of the children you have ever 
borne alive, how many: 1. Are still living at home with 
you?; 2. Are still living, but elsewhere, in some other 
household?; 3. Have died?". This form of the basic 
question has the advantage of providing the additional 
information necessary for the estimation of child mortal- 
ity (see chapter Ill). A further refinement is to collect 
information on children ever born classified by sex, ask- 
ing the three questions presented above for children of 
each sex. Data classified by sex provide a basis for the 
estimation of child mortality by sex and prove useful in 
the assessment of data quality. 

It is also necessary to decide from which women the 
information should be collected. In general, the best 
procedure is to put the necessary questions to all women 
over the age of 15, regardless of their marital status. In 
some sbcieties, however, it is culturally impossible to ask 
women who have never been mamed whether they have 
had any children; and in thcse cases, the questions can 
only be put to women who have been married at least 
once (ever-married women). It is important to recognize, 
however, that in this case the value of the information 
collected will vary inversely with the incidence of pre- 
marital fertility. 

Data on children ever born are generally tabulated by 
five-year age groups of women, or by five-year duration 
of mamage groups if the necessary data are available. 
A simple tabulation of number of women. number of 
children ever born, and average parity for each group 
should be supplemented by a tabulation of women 
classified by both age or duration group and by the 
number of children ever born (0, 1, 2 ... 10, l I + ,  not 
stated). When data by sex are available. all these tabu- 
lations should be repeated by sex of children. 

A special form of data on children ever born is col- 
lected by inquiries about fertility histories or pregnancy 
histories which obtain information about the date of 
occurrence of each birth or about the termination of 
each pregnancy. and often inquire as well about the sub- 



sequent fate of the child, recording the date of death 
when appropriate. The collection of a fertility history is 
timeconsuming and hence fairly expensive, so that it 
has been limited in practice to relatively small-scale 
sample surveys. It is clear that this form of collection of 
data on children ever born also provides information 
about the timing of fertility, but at the cost of recording 
specific dates which are more likely to be subject to 
error. 

A thorough analysis of the data gathered by fertility 
histories often requires fairly detailed tabulations of the 
data and access to them in machine-readable form. 
Thanks to the vast effort undertaken by the World Fer- 
tility Survey, the availability of both fertility-history data 
and methods designed specifically to analyse them has 
been greatly enhanced. Because the detailed description 
of these methods is beyond the scope of this Manual, the 
reader is referred to the series of publications issued as 
part of the World Fertility Survey' Of special interest is 
the collection of scientific reports which present detailed 
examoles of the analysis and evaluation of data on fer- 
tility histories. Some of thcse analyses are cited in this 
chapter and others are listed at the end of the chapter. 

2. TJpical emrs in &rto on chilakn ever born 
Average parities for groups of women cplculated from 

data on children ever born can be distorted either by 
errors in the number of children reported or by errors in 
the classification of women in particular groups. 

The most imporzant error in the number of children 
reported is due to omission. Women tend to omit some 
of their live-born children, particularly those living in 
other households and those who have died, with the 
result that the proportion omitted tends to increase with 
age of mother. The symptoms of such omission are aver- 
age parities that fail to increase rapidly enough as age 
increases; and, in some cases, average parities for 
women aged 40-44 and 45-49 may actually fall below 
that for women aged 35-39 even when there is no reason 
to suppose that fertility has been rising. Similar biases 
may be observed for durationsf-mamage groups 15-19 
and higher. The effects of omission, if limited to women 
over 35, are not very serious because most methods of 
analysis make little use of the data refemng to these 
women. However, in order to minimize omission at 
younger ages (under U), it is advisable to stress at the 
datacollection stage the importance of obtaining accu- 
rate information from all women, regardless of age. 

Another error in Ule reported children ever born 
arises from the inclusion of stillbirths or late foetal 
deaths among live-born children. The possible upward 
effect of this error on average parity is small, but stress 
should be laid during the datacollection process on 
including only live-born children. (A live-born child is 
generally defined as one who cries after birth.) 

A third error affecting the recorded number of chil- 
dren ever born is introduced when the parity of a size- 
able proportion of women is not recorded, that is, when 
there is a non-trivial proportion of women whose parity 
is not stated. If these women have in fact borne some 

children, their inclusion in the denominator of average 
parity, but the exclusion of their children from the 
numerator, will bias average parity downward. If it can 
be assumed that the women who provided information 
are representative, in parity terms, of those who did not, 
an unbiased estimate of average parity can be obtained 
by dividing the reported number of children by the 
number of women reporting. However, in many surveys 
there seems to be a disproportionate tendency for child- 
less women to be tabulated as "not stated". A plausible 
explanation for this tendency has been suggested by El- 
~adry,'  who argues that interviewers tend to leave blank 
the space for recording children ever born in cases 
where the true number is zero; at the coding stage, such 
blanks are interpreted as non-response, thus causing a 
net transfer of women from the zero category to the 
non-stated category. In such circumstances, average 
parity would be inflated if women tabulated as "not 
stated" were subtracted from the denominator. El-Badry 
also proposed a method by which the true incidence of 
non-response may be estimated by considering the rela- 
tionship between the proportion of women with no chil- 
dren and the proportion of women whose parity was not 
stated; his method of adjustment is fully described in 
annex 11. Its use is recommended when the relationship 
mentioned is linear in nature; otherwise, it is recom- 
mended that women whose parity is not stated should be 
included in the denominator when calculating average 
parities. 

Misclassification errors arise from misreporting the 
age or duration of mamage of the women considered. 
When grouped data are used, errors arise only in so far 
as a woman is transferred from one group to another. 
The effects of such errors are complex, but certain prin- 
ciples can be outlined. Random errors in reporting age 
or dbration are likely to have a slight equalizing effect 
on average parities, since a transfer upward that prob- 
ably reduces the average parity of the higher group is 
likely to be matched by a transfer downward that prob- 
ably increases the average parity of the lower group. 
However, the overall e l k t  is expected to be small, since 
the misclassified women are likely to be close to the 
boundary of adjacent groups, with those transferred 
upward having parities above the average and those 
transferred downward having parities below the average 
for women of their true ages. 

In contrast, a systematic transfer upward, in age or 
duration terms, is likely to reduce average parities for all 
groups, with the effect declining as age or duration 
increases, until it disappears in the age or duration 
group into which only women of completed fertili are 
shifted. Similarly, a systematic transfer downwarrwill 
increase average parities, the effect again declining as 
age or duration increases, until it disappears for that age 
or duration group containing the point at which all 
childbearing has ceased. A systematic tendency to shift 

I M. A. El-Badry. "Failure of  enumerators to make entries of  zero: 
errors in recording childless cases in ulation censuses", Journal o 
the A n n i r n  StatisticaI Association. vo!?!6, No. 296 (December i96d 
pp. 909-924. 



age or duration upward until reaching some boundary, 
followed thereafter by a tendency to shift downward, 
concentrates respondents in a central group at the 
expense of the extremes and may result in relatively low 
average parities for groups below the boundary, an 
approximately correct average parity for the group that 
contains the boundary and relatively high average pari- 
ties for the groups that lie above the boundary. In this 
case, groups lying above the upper limit of childbearing 
would exhibit correct average parities if age misstate- 
ment were the only reporting problem. 

Because marriage is a more recent and more person- 
ally memorable event than one's own birth, it would 
seem that data classified by duration of marriage might 
be less distorted by dating errors than data classified by 
age, if duration is measured from a reported date of 
marriage. However, such data suffer from possible 
ambiguity about the date of marriage. The analyst is 
interested in the length of time since sexual relations 
began; but in some societies the onset of intercourse 
may predate formal marriage, and in others it may not 
occur immediately upon formal marriage. Further con- 
fusion exists in the case of remarriages, since the date 
reported may be that of the second or most recent mar- 
riage. This problem may be minimized by asking a 
question that refers specifically to the first marriage. 
Hence, it is important that interviewers and survey 
planners be aware of the conceptual problems related to 
this topic in order to devise the best data-gathering 
mechanisms to capture the information required. 

It is generally assumed, when analysing data on chil- 
dren ever born, that the effects of mortality among 
women are negligible. The issue is important if one is 
comparing the average parity of a cohort at two different 
times, since the normal assumption is that the change in 
average parity between the two points is accounted for 
entirely by fertility in the intervening period. Ignoring 
mortality effects, one thus assumes that those members 
of the cohort who did not survive the period experienced 
similar fertility levels up to the time of their deaths as 
did the survivors, an assumption that is not likely to hold 
strictly in practice. It is not clear, however, in what 
direction the effects of mortality on average parity 
would be: if high-parity women experience above- 
average mortality risks, then the average parity reported 
by older women will underestimate the true level of 
cohort fertility; on the other hand, in developed coun- 
tries, unmarried women experience higher mortality 
than married women, suggesting that low-parity women 
may be subject to higher mortality risks, in which case 
reported average parity will overestimate cohort fertility. 
However, the effects of mortality on average parity are 
likely to be very small, since in most countries today the 
mortality risks experienced by women in their child- 
bearing years are fairly low. 

Migration poses a problem similar to that introduced 
by mortality, though potentially more serious, particu- 
larly at the subnational level. Average parities for partic- 
ular areas may be distorted by the migration of women 
not typical of the area, and changes between two points 

in time niay also be distorted by migration. Thus, for 
example, the average parity for a city experiencing an 
influx of migrants may be inflated by the arrival of 
high-parity rural women. The problem arises, of course, 
from the timeless nature of the data on average parity, 
compounded, in this case, by a lack of information on 
place of previous residence. There is no way to resolve 
this problem other than by using areas that are not much 
affected by net migration or by resorting to other types 
of data. It would seem attractive to tabulate women by 
birthplace and children ever born by birthplace of 
mother, and to limit analysis to women born in the area 
being considered; but the estimates obtained would still 
not necessarily represent fertility in the area considered 
because immigrants may bring with them not only high 
historical fertility-and hence above-average parity- 
but above-average current fertility. Furthermore, if fer- 
tility behaviour is affected by place of residence, fertility 
estimates derived from data classified by place of birth 
would not represent adequately the current regional fer- 
tility differentials that are of greatest interest. 

3. Organization of this chapter 
All the estimation methods presented in this chapter 

have one characteristic in common: they use data on 
children ever born. However, the methods can be 
separated into categories according to the exact type of 
data they require (whether classified by age or by dura- 
tion of marriage, for example). Sections B-D present the 
available methods divided into these categories. To aid 
the user in selecting the method best suited for a particu- 
lar application, brief descriptions of each section are 
given below: 

Section B. Methoak of the Brass type based on compari- 
son Of cumulated age-spec~fic fertility rates with reported 
average parities. This section presents several methods 
based on the idea, first proposed by ~ r a s s ?  of comparing 
reported average parities with those estimated from 
period age-specific fertility rates. Their main charac- 
teristic, therefore, is that they require the availability of 
at least two types of information on fertility: children 
ever born for at least one point in time; and age-specific 
fertility rates referring to some period of interest. Varia- 
tions of the basic method arise because of variations in 
the assumptions underlying it or because of the greater 
or lesser availability of data. In general, the methods 
presented in section B are ordered on the basis of their 
data requirements, that is, those presented earlier usu- 
ally require less information than those presented later. 
Table 5 lists the data requirements of each method. It 
should be noted that all methods described in this sec- 
tion use data classified by age; 

section C. Estimation of age-specijic fertility from the 
increments of cohort parities bemen rwo surveys. The 
method presented in section C is based exclusively on 
data on children ever born. Independently calculated 

' William Brass, "Uses of census or survey data for the estimation of 
vital rates" (E/CN.14/CAS.4/V57), aper pre ared for the African 
Seminar on Vital Statistics, Addis ~ b a t a .  14-19 becember 1964. 



SrUm ~ a d m t k d  I ) t r # i * u b  

B. Methods of &e Bras type B.2. P I F  ratio method based Children ever born classified by five- 
based on comparison of on data about all chil- year age group of mother 
period fertility rates with dren Births in a year classified by five-year 
reported average parities age group of mother 

Women by five-year age group 
Total population 

- 
Adjusted age-specific fertility 

rates 
Adjusted total fertility 
Adjusted birth rate 

B.3. P I I F ,  ratio method: first Women with at least one child 
births classified by five-year age group 

First births in a year by five-year age 
group of mother 

Women classified by five-year age 
group 

B.4. P I F  ratio method for a Children ever born classified by five- 
hypothetical intersurvey year age group of mother from two 
cohort surveys or censuses five or 10 years 

apart 
Births in the year preceding each sur- 

vey or census classified by five-year 
age group of mother or, failing that, 
an estimate of intersurvey age- 
specific fertility rates (from vital 
registration data, for example) 

The number of women enumerated by 
each survey or census, classified by 
five-year age group 

B.5. P I F  ratio method for true Children ever born classified by five- 
cohorts year age group of mother from a 

census 
Births registered during each of the 15 

or 20 years preceding the census. 
classified by five-year age group of 
mother 

Women classified by five-year age 
group enumerated by the census 
gathering information on children 
ever horn and by censuses taken 
during the IS or 20 years preceding 
it 

B.6. P I F  ratio method for hy- Children ever born classified by five- 
pothetical intemnsal year age group of mother from two 
cohorts using registered censuses five or 10 years apart 
births Births registered during each of the 

years of the intercensal period. 
classified by five-year age group of 
mother 

Women classified by five-year age 
group from the two censuses 

The total population according to each 
census 

C. &timation of age-specific C.2. Use of parity increments Children ever born classified by five- 
fertility from the inm-  year age group of mother, from two 
ment of cohort parities surveys or censuses five or 10 years 
between two surveys apart 

Women classified by five-year age 
group from the two surveys or 
censuses 

D. Estimation of fertility from D.2. Estimation of a natural fer- Children ever born classified by five- 
inf rmation on children tility level year duration of mamage group of 
e v k  born cludfied by mother 
d u h h n  of maniage Ever-married women classified by 

five-year duration of marriage group 
Total female population classified by 

five-year age group and by marital 
status (single, married. widowed and 
divorced) 

First age at which a significant number 
of mamages occurs 

The total population 

Adjusted first-birth age-specific 
fertility rates 

Adjusted overall proportion of 
mothers 

Adjusted intersurvey fertility 
schedule 

Adjusted intersurvey total fer- 
tility 

Estimates of completeness of 
birth registration 

Adjusted age-specific fertility 
rates for some period preced- 
ing the census 

Adjusted total fertility for the 
same period 

Adjusted birth rates for the 
same period 

An estimate of the complete- 
ness of birth registration 

Adjusted intercensal age- 
specific fertility rates 

Adjusted intercensal total fer- 
tility 

Adjusted intercensal birth rate 

Intersurvey age-specific fertility 
rates 

Intersurvey total fertility 

Adjusted marital age-specific 
fertility rates 

Adjusted age-specific fertility 
rates 

Adjusted total fertility 
Adjusted birth rate 



TABLE 5 I&& 
- 

SlrtiOa ~ b n c m d n u r h d  WMWd EII*IIIJ- 

D. Estimation of fertility from D.3. P/F ratio method for data Children ever born classified by five- Adjusted duration-specific fer- 
information on children by duration of marriage year duration of marriage group of tility rates 
ever born classified by mother Adjusted marital total fertility 
duration of marriage Births in a year classified by five-year Adjusted birth mte 
(con~inurd) duration of marriage group 

Ever-married women classified by 
five-year duration of marriage group 

The total population 

age-specific fertility rates are not necessary. All input parity. Such a comparison clearly uses both cohort rates 
data need to be classified by age; and period rates, but it is valuable even if the two 

Section D. Ertimation offeriliry from informution on are not expected to be consistent because of changing 
c h i h n  ever born classified by duration ofmarriage. When fertility. 
data on children ever born classified by the duration of This comparison of lifetime with current fertility data 
the mother's marriage are available, two methods offer- can also provide a method of adjustment for cases where 
tility estimation can be used. The simplest method the data are distorted by typical errors. Information on 
requires only the data on children ever born; a more children ever born is frequently distorted by omission, 
elaborate method permits a comparison of the Brass but this omission, perhaps of longdead children or of 
type between parity information and parity equivalent those who have lefk the parental home, is most marked 
measures derived from a duration-specific fertility for older women; the reports of younger women, up to 
schedule. The latter method requires, therefore, infor- age 30 or 35, may be fairly reliable. Information on 
mation both on children ever born and on the number of current fertility from a question on births occurring dur- 
births in a given year classified by mother's duration of ing the 12 months preceding a survey may be distorted 
marriage (see table 5). by a misperception of the length of the reference period, 
B. METHODS OF THE BRASS TYPE BASED ON COMPAR- so that the reported births correspond to an ill-defined 

period whose average length may be either shorter or 
lsoN OF RATES REmRTED longer than a year. I information on current fertility 
AVERAGE PARITIES 

comes from a vital registration system, the level of the 
1. General description ofmethd of the B m s  type reported fertility rates may be distorted by general omis- 

The ofchildren ever borne by a group of sion. If these e m  in the information on current fertil- 
women of a given age is a record of their total childbear- ity may be assumed to be with respect 
ing experience from the beginning of their reproductive 'Be (an awm~tion that is particularly in 
life to their current age. The average number of children the case of reference-period the age pattern of 
ever born, obtained by dividing the numbsr of reported chserved ~urrent fertility can be accepted as correct 
children by the number of women, is therefore a meas- its level may be distorted. 
ure of the fertility experience of the cohort of women, C~mulated current fertility may be compared with the 
though it is a measure of the level of fertility only, con- repofled lifetime fertility of women younger than 30 or 
taining no information about its timing. If it is assumed 35 in order to obtain an adjustment factor for the level 
that the fertility experience of those women who die is of the current fertility rates, which, once adjusted for 

I 

I the same up to the age at death as that of those who sur- level, provide a better estimate of actual Current fertility. 
vive, the average number of children born provides a In order for this adjustment to be valid, it must be 
mortality-free measure of cohort fertility. assumed that the fertility of younger women has not 

changed appreciably, for if it had changed, their lifetime 
A similar period measure may be obtained from age- fertility could not be expected consistent with 

specific fertility rates. If such rates are cumulated cumulated current fertility rates. Furthermore, when 
upward from the age at which childbearing begins, tak- dealing with data classified by five-year age group, 
ing due account of the width of the age interval for cumulated current fertility rates provide an estimate of 
which the rates are specific, the results obtained can be the average number of children ever borne by women 
interpreted as the average number of children that who have reached the end of each age group, whereas 
would have been borne by WOn~en experiencing those parity data provide an estimate of the average number 
fertility rates from the beginning of childbearing to the borne by whose ages vary over the range of the 
upper age boundary ofthe highest age group in age group. Therefore, a process of interpolation is 
the cumulation. required to ensure that the figures cover a comparable 

The availability of information about both lifetime age range. 
fertility, from a survey question about number of chil- The essence of the ~ r a s s ~  fertility estimation pro- 
dren ever born, and current fertility, from a survey ques- cedure is the adjustment of the age pattern of fertility 
tion about births in the past year or date of the most derived from information on recent births by the level of 
recent birth, or from vital registration data, makes possi- fertility implied by the average parity of women in age 
ble a powerful consistency check, whereby current fertil- 
ity rates can be cumulated and compared with average Ibid 
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groups 20-24, 25-29, and perhaps 30-34. Several exten- 
sions of the original procedure have been proposed. 
First, if the reasoning outlined above may be applied to 
all births, it may also be applied to births of any particu- 
lar birth order; and cumulated birth-order-specific fertil- 
ity rates should be comparable with the proportions of 
women reporting at least that many children ever born. 
Such a comparison may be particularly revealing in the 
case of first births. Secondly, if data on children ever 
born are available from two surveys five or 10 years 
apart, and average fertility rates may be calculated for 
the same period, the assumption of constant fertility in 
the recent past can be relaxed, because average parity 
for a hypothetical intersurvey cohort can be constructed 
and compared with parity equivalents derived from 
intersurvey fertility rates. Lastly, the assumption of con- 
stant fertility may be relaxed if information on fertility 
rates during the past 15 or 20 years is available from a 
vital registration system or some other data source. The 
observed fertility rates for a series of true cohorts can be 
cumulated through the recent past for comparison with 
the average parities reported by women in successive 
age groups at the end-point. These useful extensions of 
the Brass method are described and illustrated below, 
following the description of the original technique. 
First, however, some general points that apply to all the 
versions discussed are considered. 

Reported fertility rates are used to estimate the aver- 
age cumulated fertility or parity equivalent, F ,  that 
women in each age interval would have if they had been 
subject throughout their lives to the reported rates. Two 
problems arise, however, in obtaining a value of F h a t  
is comparable to the average parity, P ,  reported by 
women of each age group. First, because fertility data 
are ordinarily tabulated by five-year age group, cumu- 
lating the reported age-specific fertility rates and multi- 
plying by five yields estimates of the parity or cumulated 
fertility that women experiencing those rates would 
achieve by the end of each five-year age group (that is, 
by exact ages 20,25,30 etc. when conventional five-year 
age groups are used). These estimates are not compar- 
able with the average parities calculated from data on 
children ever born, because the latter values represent 
the mixed experience of women of different exact ages. 
Hence, some procedure is required for estimating the 
average cumulated fertility or parity within each age 
group from knowledge of the values that the cumulated 
fertility schedule takes at the end-points of the age 
groups considered. Secondly, when the current fertility 
schedule is obtained from a survey question on births 
during the 12 months preceding the survey or on date of 
the most recent birth, the births are generally tabulated 
by the mother's age at the time of the survey, not at the 
time of the birth. If one assumes that births in a given 
year are uniformly distributed in time, the women who 
had a birth in the 12 months preceding the survey were, 
on average, six months younger at the time of the birth 
than at the time of the interview. Therefore, the age- 
~pxific fertility rates that can be calculated from data 
on children born during the year before the survey 
classified by age of mother at the time of the survey 

correspond to unorthodox age intervals whose limits are 
(14.5, 19.5), (19.5, 24.5), ..., (44.5, 49.9, rather than to 
the usual intervals with end-points (15, 20), (20, 25), ..., 
(45,50). When the source of information on current fer- 
tility is a vital registration system, this second problem 
should not arise, since births are supposed to be 
recorded near the time of occurrence and therefore the 
reported age of mother is likely to be the age she had at 
the time of the birth. When registered births are used, 
however, late registrations should be excluded; other- 
wise, they might seriously distort the age pattern of fer- 
tility. 

An interpolation procedure based on model fertility 
schedules has been devised to allow the estimation of 
parity equivalents (F) for the usual five-year age groups 
of women from the cumulated fertility schedule. A 
similar procedure that takes into account the problem of 
age groups displaced by six months and produces the. 
desired estimates of F (parity equivalents) has also been 
developed. Hence, two variants of the procedure are 
available: one suited for use with fertility rates calcu- 
lated from vital registration data, that is, with births 
tabulated by age of mother at delivery; and the other 
suited for use with fertility rates calculated from 
reported births for a 12-month period tabulated by age 
of mother at the end of the period. 

The Brass fertility estimation method and the variants 
presented in this chapter are best suited for estimating 
fertility in countries where massive systematic age- 
misreporting is not apparent. Its application to popula- 
tions where age is poorly reported is likely to yield 
biased results. Fertility estimates obtained by applying 
the original method to populations where either marital 
fertility or age at marriage has been changing rapidly in 
the recent past may also be subject to bias, since it would 
no longer be valid to assume that the "historical" pattern 
of fertility implied by the reported average parities is 
equal to that embodied by the current fertility schedule. 
However, when a fertility decline is due mainly to 
effective use of contraception at relatively older ages, the 
method described here may still yield valid results if the 
adjustment factor is selected on ihe basis of information 
pertaining to the youngest age groups (20-24 is recom- 
mended). 

2. lhe P/F ratio method based on data about all childten 

(a) h i s  of method and its mtionale 
The original P /F ratio method or Brass method seeks 

to adjust the level of observed age-specific fertility rates, 
which are assumed to represent the true age pattern of 
fertility, to agree with the level of fertility indicated by 
the average parities of women in age groups lower than 
ages 30 or 35, which are assumed to be accurate. Mea- 
sures of average parity equivalents, F, comparable to 
reported average parities, P, are obtained from period 
fertility rates by cumulation and interpolation (these 
measures are effectively averages of the cumulated fer- 
tility schedule over age groups). Ratios of average pari- 
ties (P) to the estimated parity equivalents (F) are 
calculated age group by age group, and an average of 



the ratios obtained for younger women is used as an 
adjustment factor by which all the observed period fer- 
tility rates are multiplied. Note that P IF ratios are gen- 
erally calculated for the entire age range from 15 to 49, 
even though not all the ratios are used for adjustment 
purposes. This practice is recommended because the 
pattern of the ratios with age may reveal data errors or 
fertility trends. During successful application of this 
method, the age pattern of the period fertility rates is 
combined with the level implied by the average paiities 
of younger women to derive a set of fertility rates that is 
generally more reliable than either of its constituent 
parts. 

(b) Lkata required 
The following data are required for this method: 
(a) The number of children ever born classified by 

five-year age group of mother; 
(b) The number of children born during the year 

preceding the survey or census classified by five-year age 
group of mother, or the number of registered births in 
the year of the census, also classified by five-year age 
group of mother; 

(c) The total number of women in each five-year age 
group (irrespective of marital status); 
(4 The total population if the birth rate is to be 

estimated. 

(c) Computational procedure 
Every function in this section is indexed by a variable 

(i or j) the values of which represent the age groups 
being considered. Table 6 summarizes the relationship 
between the index number and the age group. 

TABLE 6. CORR~SPONDENCE BETWEEN INDICES AND AGE GROUPS 

The steps in the procedure are described below. 
Step 1: calculation of reported average pities. The 

reported average parity of women in age group i is de- 
noted by P(i). Its value is obtained by dividing the 
total number of children ever born to women in age 
group i by the total number of women in that age group 
(whether mamed or single, fertile or not). See, however, 
the discussion in subsection A.2 concerning the treat- 
ment of women whose parity is not stated and the use of 
the adjustment method proposed by El-Badry (see 
annex 11). 

Step 2: colcula~ion of a preliminary ferrilily s,~heduIe 
fm infowion on births in the past ycar or from reg- 

istered births. The fertility rate of women in age group i 
is denoted by f (i). This value is computed for each i by 
dividing the number of births occurring to women in age 
group i during the year preceding the interview by the 
total number of women (whether childless or not, ever 
married or not) in that age group. In the case of reg- 
istered births, the births by age group recorded for a 
calendar year should be divided by an estimate of the 
mid-year female population of the age group (usually 
obtained from a census). 

Step 3: calculation of cumulated feriliiry schedule for a 
period To calculate this schedule, denoted by +(i), the 
fertility rates computed in step 2 are added, beginning 
with f (I) (or with f (0) if its value is not zero) and end- 
ing with f (i). The value of this sum mutiplied by five is 
an estimate of cumulated fertility up to the upper limit 
of age group i . The formal definition of +(i ) is 

Step 4: estimation of average parily equivalents for a 
period Average parity equivalents, F(i), are estimated 
by interpolation using the period fertility rates f (i ) and 
the cumulated fertility values +(i) calculated in previous 
steps. Several procedures have been proposed for this 
interpolation. ~ r a d  uses a simple polynomial model of 
fertility to calculate the relationship between average 
parity and cumulated fertility for successive age groups 
for a range of age locations of the fertility model. Coale 
and ~russell' propose fitting a second-degree polyno- 
mial to three consecutive values of +(i) and estimating 
the average parity of women of an age group within the 
range by evaluating the integral of the polynomial; in an 
actual application, F(i) is obtained as 

where a and b are constants whose values are shown in 
table 7 for i = 1.2, .... 6. F(7) is obtained as 

and the values of a * and b * are also displayed in table 
7. A somewhat more accurate procedure is based on the 
general principle underlying equation (B.2), but it allows 
the constants a and b to vary with i. The interpolation 
equation used is 

Values of the parameters a ,  b and c were estimated by 
using least-squares regression to fit equation (B.4) to a 
large number of model cases constructed using the 

" Anslev J. Coale and T. James Trussell. "Model fertility sheduk 
variations'in the age structum of childbearing in human populatior 
Population I& vol. 40, NO. 2 (April 1974). pp. 185-258. 



TABLE 7. COEFFICIENTSFOR INTERPOLATION BETWEEN CUMULATED FERTILITY RATES 
TO ESTIMATE PARITY EOUIVALENTS 

lnlrx -P- 

"8- i T" 44) 40 qi) 
(2) (4) (3 (6) 

(a) Fertility rates calculated from births in a It-month period by age of hother at end of period 
15- 19-40-44 1-6 B.2 3.392 -0.392 
45-49 .......... 7 8.3 0.392 2.608 

B.4 2.53 1 -0.188 
8.4 3.321 -0.754 
B.4 3.265 -0.627 
8.4 3.442 -0.563 
B.4 3.518 -0.763 
B.4 3.862 -2.48 1 
B.4 3.828 0.016' 

Fertility rates calculated fmm births by age of mother at &livery 
B.2 2.917 -0.4 17 
B.3 0.4 17 2.083 

' This coefficient should be applied to f (i -1). notj ( i  +I), that is, toJ6) instead ofJ8). 

~oale-~russell~ fertility model. Note that an additional 
constant term, c(i)+(7), is introduced in equation (B.4). 
This term is effectively an estimated coefficient, c(i), 
weighted by the observed total fertility rate, +(7). In 
theory, the inclusion of a constant term in equation (B.4) 
is unsatisfactory because, iff (i) and f (i + 1) were zero, 
F(i) should be identical to +(i - 1). In practice, how- 
ever, such degenerate fertility schedules are not encoun- 
tered; and the restrictions imposed by such theoretical 
considerations do not warrant the loss of flexibility they 
would imply in obtaining the best possible fit to the 
model data. 

Table 7 shows the values of the coefficients required 
for the use of equation (8.4). The table is divided into 
two parts: the first part presents coefficients for use with 
fertility rates derived from births in the 12 months 
before a survey tabulated by age of mother at the time 
of the survey; and the second presents coefficients for 
use with fertility rates calculated from births classified 
by age of mother at the time of delivery. 

Step 5: calculation ofa fertiliry schedule for conventional 
five-ycar age groups. When age-specific fertility rates have 
been calculated from births in a 12-month period 
classified by age of mother at the end of the period, they 
are specific for unorthodox age groups that are shifted 
by six months. A fertility schedule for conventional 
five-year age groups, f +(i), can be estimated by weight- 
ing the rates refemng to unorthodox age groups accord- 
ing to equations (B.5) and (B.6). and using the 
coefficients displayed in table .8. Note that when fertility 
rates have been calculated from births classified by age 

lbid. 

TABLE 8. C O E F F ~ C I E ~  FOR C A L C U L A ~ N  OF WEIOM~NO F A ~ R S T O  
ESTIMATE AGESPECIFIC FERTILITY RATES FOR CONVENTIONAL AOE 
GROUPS FROM AGE GROUPS SHIFrED BY SIX MONTHS 

of mother at the time of delivery, this step is not 
required: 

where f (i) and f '(i) are, respectively, the unadjusted 
and adjusted age-specific fertility rates; and the weight- 
ing factor, w(i ), is calculated as 

The values of x(i), y(i) and z(i) were obtained by 
fitting equation (B.6) by least-squares regression to the 
same model cases used in deriving the coefficients 
presented in table 7. No weighting factor is needed for 
i = 7, as childbearing is assumed to cease afler age 50; 
and f +(7) is therefore taken to be (I -w(6))/(7). Births 
reported to women under age 15 can be included among 
those reported by women aged 15- 19. 

Step 6: at$wtment of period fertility schedule. With the 
quantities computed in steps 1-4, the ratios P(i)/F(i ) 
are calculated. Ideally, these ratids should be fairly simi- 



lar for different values of i ,  although if children ever 
born are increasingly omitted by older women, the ratios 
will tend to decrease as age increases (especially over 
ages 30 or 35). In practice, however, they are often far 
from being constant, even below age 35; and one can be 
satisfied if P(2)IF(2) and P(3)IF(3) are reasonably con- 
sistent. If this is the case, either one of them can be used 
as an adjustment factor for the period fertility rates. If 
they are not very similar, a weighted average of the two 
can be used (using as weights the number of women in 
age groups 20-24 and 25-29 as a proportion of all 
women aged 20-29). as can a simple, unweighted aver- 
age of them. However, if there is evidence suggesting 
that the population is experiencing a fertility decline 
affecting mainly women in' the older age groups, the 
value of P(2)IF(2) is recommended as an adjustment 
factor because it is less likely to be affected by the 
decline. In general, P(I)/F(I) should be disregarded 
because of the intrinsic difficulty in estimating F(1). and 
the P I F  ratios for age groups over 30 cannot be 
regarded as reliable due to the possible omission of chil- 
dren ever born. Naturally, the more consistent the set of 
ratios obtained, the more confidence one can have in the 
adjustment factor selected. Certain patterns of variation 
of the ratios with age may also reveal the types of prob- 
lems present. For example, a recent decline in fertility 
tends to produce a sequence of P /F ratios that increases 
with age. 

Once an adjustment factor has been chosen (one may 
denote it by K), an adjusted fertility schedule is com- 
puted by multi I in the fertility rates for conventional P Y  age groups, f (i), if the rates were originally for age 
groups shifted by six months, but f (i) if the rates were 
originally for conventional age groups, by K, to yield 
adjusted f *(i ) values: 

f *(i)= Kf +(i), or f *(i)= Kf (i). (B.7) 

Once all the f *(i) values are available, one may cal- 
culate total fertility, TF, which is defined as 

An estimate of the adjusted birth rate can be obtained 
by multiplying each of the adjusted fertility rates by the 
number of women in the relevant age group to estimate 
numbers of births, adding these results for all ages and 
then dividing their sum by the total population. 

The calculation of these and other parameters is 
described in the following example. 

(d) A &tailed example 
Table 9 shows data on the number of children ever 

born and children born in the year preceding the survey 
for women who were interviewed during a demographic 
survey conducted in Bangladesh in 1974. 

The stem of the calculation are given below. 

TABLE 9. CHILDREN EVER BORN AND BIRTHS IN THE PAST YEAR, 
BY AGE GROUPOF MOTHER. BANGLADESH. 1974 

of the reported average parities, P(i), are obtained by 
dividing the numbers listed in column (3) (children ever 
born) of -table 9 by those appearing in column (2) 
(number of women). Results are given in table 10; 
shown below is the way in which P(3) was obtained (it 
will be recalled that index 3 refers to age group 25-29): 

In the case of Bangladesh, data were available to apply 
the El-Badry correction for non-response. The estimated 
level of non-response was so low, however, as to be 
insignificant. The figures on number of women shown in 
column (2) of table 9 therefore include all women, even 
those for whom parity was not stated. 

TABLE 10. AVERAGE PARITIES. PERIOD FERTILITY RATES AND 
CUMULATED FERTILITY. BY AGE GROUPOF MOTHER. BANGLADESH. 1974 

Step 2: calculation of pmliminory fertility schedule. The 
values of this schedule, denoted by f (i ). are computed 
by dividing the entries in column (4) (births in the past 
year) of table 9 by those in column (2) (number of 
women). The value off (3). for example, is calculated as 

Other values off (i)  are given in table 10. 
Step 3: calculation of cumUIated fertili! schedule. The 

values of +(i). the cumulated fertility schedule, are 
obtained by adding the values off (j), beginning with 
j = l and ending with j = i. and then multiplying this 
sum by five (this number is used because five-year age 
groups are being considered). Final results are shown in 
column (5) of table 10. As an example. $44) is com- 
puted as 

- 
Step 1: calculation 4 nported average parities. Values = 5(0.7338) =3.6690. 
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Step 4: estimation of average puity equivalents for a 
period. Period fertility rates were calculated from births 
in the 12 months preceding the survey, tabulated by 
age of mother at the time of the survey; therefore, 
coefficients from part (a) of table 7 should be used to 
estimate the current average parity equivalents, F(i). 
The computation of F(1), F(4) and F(7) is illustrated, 
using the values of +(i) and f (i) listed in table 10 (full 
results are shown in column (4) of table 1 1): 

now is a case in which births in the past year were tabu- 
lated by age of mother at the time of the survey, the 
reported period rates, f ( i ) ,  need to be converted into a 
fertility schedule, f +(i), for conventional age groups. 
Conversion is carried out by using equations (B.5) and 
(B.6). A detailed example of the calculation off '(I), 
f +(4) and f +(7)is given below; other values off + are 
shown in table 12. The totals of columns (3) and (4) of 
table 12, labelled f (i) and f +(i), respectively, do not 
quite agree because of rounding: 

TABLE I I. AVERAGE PARITIES. ESTIMATED PARITY EQUIVALENTS AND 
P/FRATIOS. BANGLADESH, 1974 

Step 5: calculation of aferrility schedule for conventional 
&?-year age groups. Because what is being considered 

Step 6: @ustment of periud fertility schedule. The first 
step in selecting an adjustment factor K for the con- 
verted fertility rates obtained in the previous step is to 
calculate the P/F ratios. They are shown in column (5) 
of table 1 1. 

Though the P I F  ratios show a fairly marked decline 
from age 35 onward, probably in this case because of 

TABLE 12. REPORTED PERIOD FERTILITY RATES. FERTILITY RATES FOR CONVENTIONAL AGE GROUPS. 

ADJUSTED FERTILITY RATES AND ESTIMATED NUMBER OF BIRTHS. BANGLADESH. 1974 

Tota l  fertility ....................... 4.83 4.83 7.24 



omission of children ever borne by women over age 35, can be regarded as a measure of the probability of hav- 
the ratios for the crucial age range 20-34 are fairly con- ing had at least one child by the upper age-limit used in 
sistent. The adjustment factor has therefore been calcu- the cumulation. The consistency of recent and lifetime 
lated as the average of the three ratios for women in this fertility information can then be checked by comparing 
age range: cumulated and interpolated first-birth rates for a recent 

period with the reported proportions of women in each 
K = (1.528+ 1.491 + 1.480)/3 = 1.500. age group who have had at least one child. Assuming 

that any discrepancy between these two proportions is 
Had the ratios not been so consistent, K would have due to errors in the reporting of events, rather than to 
been calculated as a weighted average of P(2)/F(2) and changing fertility, an adjustment factor may be obtained 
P(3)/F(3), the weights being the number of women in and an adjusted first-birth fertility schedule may be 
each age group as a proportion of the women in both computed. This method of adjustment is, in fact, just a 
age groups. As an illustration, in the example being con- special case of the all-children method described in sub- 
sidered, section 8.2. 

Computationally speaking, these two methods are 
K* =(1.528)(2,653,155)/(2,653,155 +2,607,009) very similar and there is also some similarity between 

the assumptions on which they are based. For example, 
+(1.491)(2,607,009)/(2,653,155 +2,607,009) both assume that the type of fertility measured (first 

child or all children) has remained constant in the recent 
= 1.510. past and that errors in current fertility are a result of a 

misperception of the reference period. However, the 
Adjusted age-specific fertility rates for conventional first-child method is less likely to be affected by chang- 

age groups, f *(i), are obtained by multiplying the f '(i) ing marital fertility than is the method based on data for 
values by the adjustment factor K. Final values for all children. Indeed, if a fertility decline is brought about 
f *(i ) are shown in column (5) of table 12. by the use of contraception either to limit family size or 

Total fertility, TF, can be estimated by multiplying to increase the spacing between children, the perform- 
the sum of the adjusted age-specific fertility rates f *(i) ance of the first-child method will not be affected; even 
by five: if all childbearing after the first birth stopped, the first- 

birth comparison would remain valid. Any change 
TF = 5(1.4489)= 7.24. affecting the timing of first births, on the other hand, 

would bias the results yielded by this method. Therefore, 

An binh rate can be obtained by calculating its use is not recommended when there is evidence of 

the number of births that would occur to the population changing age at marriage Or of a change in the 

being considered if it were subject to the adjusted fertil- interval between marriage and the onset of childbearing. 

ity rates and by dividing the total number of births by Another advantage of the first-birth method is that it 
the total population. Numbers of births by age are is based on data that are more likely to be accurate. For 
shown in column (6) of table 12. The total number of example, the retrospective information it uses is the pro- 
births is the sum of all these entries; and because the portion of women who have had at least one child. This 
total population considered is 71,315,944, an adjusted proporfion is only distorted by women of parity one or 
value of b is given by higher who report themselves as childless, or by women 

of zero parity reporting themselves to be of parity one or 
b = 3,389,259/7 1,3 15,944 higher. It is not affected by the actual number of chil- 

dren reported by these women and should therefore be 
= 0.0475. more reliable than the equivalent information used by 

the all-children method (average reported parity). In 
Lastly, the general fertility rate can be calculated by particular* it should suffer from the 

dividing the total number of births by the number of of older women to omit some of the children they have 
women considered (women aged 15-49): had. 

GFR = 3,389,259/ 14,676.9 17 = 0.2309. Unfortunately, the first-birth method does not solve 
the main problem: it does not produce an adjustment 

3. Comparison of current Jirst-birth fertility factor for all births. Logically, an adjustment factor 
with the reportedproportion of mothers computed from first-birth data applies only to first 

births. To estimate an adjustment factor applicable to all 
(a) h i s  of method and its rationale births from first-birth data one needs to make additional 

assumptions about the relationship between the errors 
The consistency of information on current and retro- affecting the reporting of first births and those affecting 

spective fertility can also be checked by using data refer- the reporting of all subsequent births. Although it may 
ring only to first births. In the same way that cumulated be reasonable to suppose that reference-period error is 
fertility rates based on all births are a measure closely not much affected by birth order, other types of error 
associated with parity, cumulated first-birth fertility rates may vary with birth order; and first-birth fertility rates 
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may be relatively inflated if too many women report 
themselves as having only one child. In this respect, it is 
important to point out that, in the case of the first-birth 
method. the two pieces of information being used (pro- 
portions of mothers and first births in a year) are not 
strictly independent from the point of view of the infor- 
mation gathered to produce them. Thus, a birth occur- 
ring during the year of interest is identified as "first" 
only if the woman reporting it also reports that her par- 
ity is one. Hence, both the answer to the question about 
children ever born and that to the one about births in the 
past year are necessary to classify the data used. There- 
fore, unlike the method based on all births, errors in 
reporting children ever born may affect the estimated 
first-birth fertility rates, making the comparison of the 
observed proportions of mothers with the proportions 
implied by those rates somewhat less satisfactory. 

In spite of these shortcomings, whenever the data 
required to apply this method have been tabulated, its 
application is recommended because it can provide use- 
ful indications about the overall quality of the data at 
hand. For example, since in most populations over 90 
per cent of all women eventually become mothers, 
recent first-birth fertility rates that imply a lower propor- 
tion of eventual mothers are suspect. Furthermore, since 
no more than 100 per cent of all women may become 
mothers, adjustment factors for first-birth fertility rates 
that imply an eventual overall proportion of mothers 
higher than one cannot be accepted. 

Lastly, the P /F ratios calculated by using data on all 
births are very often lower than those estimated on the 
basis of first-birth information. This outcome may be 
explained by a tendency to report more accurately 
recent first births than those of higher orders, or by the 
tendency of women whose first chiid has died to report a 
subsequent and recent birth as being the first. Yet, what- 
ever the mechanism, whenever the completeness level of 
first-birth fertility rates is greater than that of all births, it 
seems safe to assert that it indicates an upper bound for 
the completeness of the latter. In other words, the 
adjustment factor derived from data on first births can, 
whenever the PI/FI ratios are, on average, lower than 
those for all births, be regarded as a lower bound for the 
adjustment factor required by all births. 

(b) Dararequired 
h tie data required for this method are described 

below: 
(a) The number of first births occurring in a given 

year, obtained either from a survey or from a registra- 
tion system, classified by five-year age group of mother; 

(b) Total number of women of reproductive ages 
(normally between ages 10 or I5 and 50) classified by 
five-year age group; 

(c) The number of women in each age group who 
have borne at least one child during their lifetime; 

(d) The reported birth rate or enough information to 
calculate it (i.e., the total number of births in a given 
year and the total populaGon in that year). 

(c) Computational procedure 
As mentioned before, the computational procedure is 

exactly the same as that followed when estimating an 
adjustment factor for all births (see subsection B.2(c), 
except that the data used in this case refer only to first 
births. For the sake of completeness, the most important 
steps are summarized below. 

Step 1: calculation of reported proportion of mothers in 
each age group. As in the all-children method, index i = 1 
refers to age group 15-19, i = 2 to age group 20-24 and 
so on (see table 6). The proportion of mothers in each 
group, Pl( i ) ,  is calculated by dividing the number of 
women who reported having borne at least one child by 
the total number of women in each age group. It should 
be noted that in this case P l ( i )  represents the proportion 
of women in each age group who have had at least one 
child and is equivalent to average parity in the all- 
children method. For the treatment of those whose par- 
ity is not stated in the calculation of the proportion of 
mothers in each age group, see subsection A.2 and 
annex I1 concerning the El-Badry correction. 

Step 2: calculation of period first-birth fertility schedule. 
One computes this schedule, f l(i), by dividing the 
number of first births occurring in a given year to 
women in age group i by the total number of women in 
that age group. 

Step 3: calculation of cumulated first-birth fertility 
schedule for a period This schedule, denoted by #q(i), is 
five times the sum of the values off 0') from the young- 
est age group up to and including age group i ,  that is, 

Step 4: estimation of equivalent proportions 4 women 
wirh at least one childfrom information for a period These 
proportians, denoted by Fl(i), are estimated by interpo- 
lation within the cumulated fertility schedule gl(i).  The 
interpolation procedure is the same as that described in 
subsection B.2(c) for the method based on all births, 
except that first-birth fertility rates are substituted for the 
usual all-birth fertility rates. The general form of the 
interpolation equation is 

The constants a(i), b( i )  and c ( i )  are presented in table 
7; if births in a I tmonth period have been classified by 
age of mother at the end of the period, as is normally the 
case with census or retrospective survey data, constants 
from part (a) of the table should be used; if births in a 
12-month period have been classified by age of mother 
at the time of the birth, as is usually the case with regis- 
tration data, constants from part (b) of the table should 
be used. 

Step 5: calculation of a first-birth fertility schedule for 
conventional five-year age groups. When births in a year 
have been tabulated by mother's age at the end of the 



year, the reported first-birth fertility rates calculated in 
step 2 will refer to unconventional age groups roughly 
six months younger than the usual groups. A first-birth 
schedule for conventional age groups, f 1' (i), can be 
obtained by applying equations (B.5) and (B.6), and the 
constants given in table 8, to the reported schedule. Nor- 
mally, however, the interest in first-birth fertility rates is 
limited to the consistency check described below, so that 
it is often not necessary to convert the reported schedule 
into a schedule for conventional age groups. 

Step 6: selection qf an ~a@rtment f i tor  for periodfertil- 
ity. Possible adjustment factors are obtained by calculat- 
ing the P 1(i)/Fl(i) ratios. P I(I)/FI(l) is usualiy disre- 
garded because the number of events in age group 15- 19 
is small, and the interpolation procedure is insufficiently 
flexible to replicate rapid increases with age in the rates 
for young women. When the assumptions of constant 
first-birth fertility in the past and relatively good report- 
ing are correct, all values of P I  /FI after the first should 
be much the same. Furthermore, since the proportion of 
women with at least one child is not expected to decline 
with age, there is no reason for preferring early values of 
PI /FI  to later values. It is therefore recommended that 
the adjustment factor K1 be calculated as the average of 
any group of consistent ratios, if such a group exists. 
This adjustment factor can then be multiplied by the 
observed +1(7) to obtain an adjusted proportion of 
women who, according to current rates, will become, 
mothers. 

Step 7: a&stment of fertility pafmneters referring to all 
births. Using the adjustment factor obtained in the previ- 
ous step, the birth and general fertility rates derived 
from reported births, and total fertility, can be multi- 
plied by KI to obtain what may be interpreted as lower 
bounds for their true values if first births appear to be 
more completely reported than all births (that is, if the 
PI /FI  ratios are lower than the P / F  ratios). Strictly 
speaking, the birth rate and the general fertility rate 
should be computed by adjusting first the age-specific 
fertility rates based on all births, then calculating the 
implied number of births by multiplying by the number 
of women in each age group, cumulating the results, and 
then dividing by the relevant denominator (the total 
mid-year population if a birth rate is being calculated or 
the female population aged 15-49 if the general fertility 
rate is of interest), though in practice the accuracy 
gained by this procedure would be small. An adjusted 
first-birth fertility schedule, f l*(i), can also be obtained 
if required, by multiplying f I+ (i ) (or f I(i ), if data from 
a vital registration system are being used) by K I. 

TABLE 13. NUMBER OF WOMEN, NUMBER OF WOMEN WITH AT LEAST 
ONE CHILD. AND NUMBER OF FIRST BIRTHS DURING THE 12 MONTHS 
RECEDING THE SURVEY, BY AGEOROUP. BANGLADESH, 1974 

appearing in column (3) (women with at least one child) 
of table 13 by those listed in column (2) (total number of 
women). Thus, for example, P1(2) is obtained as 

TABLE 14. PROPORTION OF WOMEN WITH AT LEAST ONE CHILD. PERIOD 
FIRST-BIRTH FERTILITY RATES AND CUMULATED FIRST-BIRTH FERTILITY 
SCHEDULE. BY AGE GROUP. BANGLADESH. 1974 

Step 2: calculation of period first-birth fertility schedule. 
The period fertility schedule, f I(i), for first births is 
computed by dividing the number of first births in a year 
(listed in column (4) of table 13) by the total number of 
women in each age group (listed in column (2) of table 
13). As an example, f l(3) is computed as 

The complete set off I(i) values is presented in column 
(4) of table 14. 

Step 3: calculation of cumulated first-birth fertility 
schedule for a period. This schedule, denoted by + I(i ), is 
calculated by adding the first i values off l(j) (listed in 
column (4) of table 14) and multiplying the result by five 
(since each fertility rate applies to a five-year age group). 
The calculation of +1(2) and +1(4) is illustrated below: 

(d) A detailed example 4,(2)= 5(0.0745 +0.0577)= 0.66 10 . . . .  
Table 13 shows data obtained during a demographic 

survey conducted in Bangladesh in 1974. Data from the @1(4)= 5(0.0745 +0.0577 +0.0142+0.003 I )=  0.7475. 
same survey were used to illustrate an application of the 
allchildren method in subsection 8.2 (d). Of course, +1(4), for example, could also be calculated 

The calculations for this example are described below. as 

step 1: calculation 4 @ P ~ ~ ~  p m ~ ~ ~ ~ ~ ~  4 4tI@rs. + l(4) = +(3) + 5 f l(4) = 0.7320 + 5(0.003 1 ) = 0.7475. 
Column (3) of table 14 shows the values for the propor- 
tion of mothers, Pl(i), obtained by dividing the numbers All values of +I(i) are listed in column (5) of table 14. 



Step 4: estimotwn of equivalent proportions of wmen 
with at lcart one childfiom merit i n $ o ~ i o n .  Because 
the data used here were obtained from a sample survey 
and the recorded age of mother was, on average, six 
months older than her age when her first child was born, 
constants from part (a) of table 7 are substituted into 
equation (B.lO) to calculate the proportions of women 
with at least one child, Fl(i). The calculations of FI(l), 
F1(3) and F1(7) arc shown below: 

Note that qbI(0) is assumed to be zero because no data 
are available for women younger than 15. If data for 
these women were available, the value of $l(O) would 
have to be calculated. The values of Fl(i) are shown in 
column (4) of table 15. 

TABU 15. REPORTED AND EQUIVALENT PROPORTIONS OF MOTHERS, 
BY AOE OROUP. AND P IFI RATIOS, BANGLADESH, 1974 

Step 5: calcuIation offirst-birth fertility schedule for con- 
w n t i d  age groups. The procedure used in step 5 of the 
example on all births (subsection B.2 (d)) could be 
repeated here in order to convert the reported first-birth 
fertility schedule for age groups that are shifted by six 
months to a schedule for conventional age groups, 
, f f (i ). However, since the first-birth fertility schedule 

has no intrinsic value, the process of conversion is net 
generally justified. This step is therefore omitted. 

Step 6: selection of an adjusfment factor for period fertil- 
iy. Ratios of retrospective, PI,  to period, FI ,  proportions 
of mothers are calculated for each age group by dividing 
the values of P I  in column (3) of table 15 by those of FI  
in column (4). Except for those for the first two age 
groups, the ratios are very consistent; excluding those 
two, the average of the remaining five ratios is 1.285. 
Note that two general observations made earlier about 
the results from the first-births method have been 
fulfilled: first, the ratios remain rather constant as age 
increases; and secondly, the ratios are, in general, lower 
than those obtained using all births. Taking the average 
ratio computed above as an adjustment factor K I  for the 
first-birth fertility rates, and adjusting $,(7) by it, one 
obtains an estimate of the proportion of women who 
would ultimately become mothers equal to 
( 1.285)(0.7545) = 0.970. Since this proportion cannot' 
theoretically exceed 1.0, and in practice is always some- 
what lower than 1.0 because of sterility, the adjusted 
proportion is as high as can be expected; the estimated 
adjustment factor of 1.285 for first births could not thus 
be any larger. 

Step 7: adjustment of fertility parameters referring to all 
birth. As mentioned earlier, if first births appear to be 
better reported than all births, K may also be used as a 
conservative adjustment factor for parameters obtained 
from data on all births. The following values can there- 
fore be regarded as lower bounds for the true values: 

GFR = (0.1519)(1.285)= 0.1952. 

In the case of Bangladesh, these values are all smaller 
than those obtained in subsection B.2 (d), because the 
adjustment factor used is considerably lower. The very 
marked difference between the first-birth and all-birth 
adjustment factors is to be noted. Since the evidence 
does not support the existence of a fertility decline in 
Bangladesh that would artificially inflate the P /F ratios 
for all births, the fact that the adjustment factor derived 
from all births is larger than that derived from first births 
suggests that it should be preferred as an adjust~,rent for.. 
overall fertility. It is not possible to establish with cer-,, 
tainty what mechanism or set of mechanisms leads to the 
large difference between the two sets of ratios, but it is 
likely to be related to the fact that, as pointed out earlier, 
first-birth fertility rates are not entirely independent of 
the data on children ever born. The interplay between; 
errors in reported children ever born and births in the; 
past year may well lead to first-birth fertility rates that, 
as in this case, appear to be more complete than those , 
referring to all births. - a  

Hence, in the case of Bangladesh, the P/F ratios:, 
based on all births should be preferred as a basis for the.- 
adjustment of overall fertility rates, with the proviso that;, 
the adjustment factor derived from them should not be, 



applied to fertility rates specific by birth order. The 
first-birth method has been useful in establishing that the 
data are not as internally consistent as one would wish 
and that the adjustment factor obtained from all births is 
acceptable, in that it is not obviously inconsistent with 
other evidence. 

4. Comppanson ofperiod fertility rates with 
average parities for a hypothetical cohort 

(a) h i s  of method and its rationale 
I t  has been stressed above that the estimation of an 

adjustment factor for period fertility on the basis of the 
comparison of cumulated period fertility rates with life- 
time average parities is only valid if fertility has been 
approximately constant during the 15 years or so 
preceding the time at which the data were collected. If 
fertility has been changing, cumulated period fertility 
rates cannot be expected to equal lifetime fertility; and 
an adjustment factor calculated on the basis of the com- 
parison of the two will reflect not only possible data 
errors but the effects of changes through time. Hence, 
its use for correction purposes will tend to obscure the 
effects of those changes. 

One way of avoiding this problem is to compute aver- 
age parities that refer to the fertility experienced during 
a particular period and to compare those parities with 
cumulated average fertility rates measured during the 
same period. Suitable parities, referring to a particular 
period rather than to lifetime experience, can be com- 
puted if data on children ever born classified by age of 
mother are available from two surveys; in such a case, 
the average parities that a hypothetical cohort subject to 
intersurvey fertility would exhibit can be constructed on 
the basis of the intersurvey parity increments for true 
cohorts. 

With an interval of five or 10 years between the sur- 
veys, the survivors of a cohort of women at the first 
survey can be identified at the second, and the change in 
the average parity of the cohort can be calculated. The 
resulting sequence of parity increments for different 
cohorts during the period between the surveys can then 
be cumulated to calculate average parities for a 
hypothetical cohort experiencing the level of intersurvey 
fertility implicit in the observed parity increments. Other 
uses of average parities for hypothetical cohorts are dis- 
cussed in section C. Note that in deriving this measure of 
intersurvey fertility it is assumed that mortality and 
migration have no effect on actual parity distributions; 
that is, it is assumed that the average parity of those 
women who die or migrate between the surveys is not 
significantly different from the average parity at com- 
parable ages of those women who are alive and present 
at the end of the period. 

be calculated by addition over calendar years; and aver- 
age intersurvey fertility rates can be obtained by divid- 
ing the births by the number of woman-years lived in 
each age group, estimated from the female population 
enumerated at the end-points of the period. A simpler, 
and generally adequate, procedure is to calculate age- 
specific fertility rates only for the first and last years of 
the period, and to approximate average intersurvey rates 
bv the arithmetic mean of these two sets. If registered 
births are not available, but the two surveys &thered 
data on births in the past year, age-specific fertility rates 
for the period may by approximated in the same way by 
averaging the rates observed at the beginning and at the 
end of the period. When the births during the 12 
months preceding each survey are tabulated by age of 
mother at the time of the survey, the observed fertility 
rates will correspond to age groups displaced by six 
months, and the analysis performed will have to take 
this fact into account. It is, of course, important that the 
sets of fertility rates being averaged be consistent with 
respect to age classification before they are averaged; if 
they are not consistent at first, because one refers to age 
groups displaced by six months and the other does not, 
the former set should be adjusted before proceeding. If 
age-specific fertility rates for the end-points of the period 
are not available, a set of rates referring approximately 
to the mid-point of the period could be used. I t  should 
be remembered that only the pattern of the intersurvey 
age-specific fertility rates is important in applying the 
Brass method, so that if this pattern was more or less 
constant over the period, the exact reference date of the 
rates used does not matter. 

Once the intersurvey parities and intersurvey fertility 
rates have been calculated, the cumulation and interpo- 
lation of the latter, and their comparison with the aver- 
age parities, are carried out exactly as described above 
in subsection B.2(c ). 

(b) h a  wquiwd 
The data required are described below: 
(a) The number of children ever born classified by 

five-year age group of mother, taken from two surveys 
or censuses five or 10 years apart; 

(b) The number of births during the year preceding 
each survey classified by five-year age group of mother, 
or registered births by five-year age group of mother for 
each intersurvey year (if registered births are used, the 
female population enumerated by censuses at the end- 
points of the period considered is also necessary); 

(C ) The numbe; of women in each five-year age group 
from both surveys or censyus; 

(d) If the birth rate is to be calculated, the total popu- 
lation recorded by each survey or census. 

The "period" fertility rates from which parity 
equivalents are to be derived for comparison with the (c) computation alp roc^ 
intersurvev oarities should ideallv refer to the entire The steps of the computational procedure are given 
intersurv4 briod. Suitable rate; can be obtained if below. 
registered births classified by age of mother are available Step 1: calculation of reported average parities fm each 
for each calendar year of the period. In this case, all survey. The average parities obtained from the first sur- 
births recorded during the period for each age group can vey are denoted by P(i, I), and those from the second 



survey by P(i, 2). In both cases, they are computed by 
dividing the reported number of children ever born to 
women in age group i by the total number of women in 
age group i . See, however, the discussion in subsection 
A.2 concerning the treatment of women whose parity is 
not stated and the possible application of the El-Badry 
correction. 

Step 2: calculation of awrage parities for a hypothetical 
intersurvey cohort. The way in which these parities are 
calculated depends upon the length of the intersurvey 
interval. If this interval is five years, all the survivors of 
age group i at the first survey belong to age group i + 1 
at the second survey, and the parity increment between 
the surveys for the corresponding cohort is equal to 
P(i + I ,  2)-P(i, 1). Such increments can be calculated 
for each age group, and the hypothetical-cohort parities 
are then obtained by successively cumulating them. 
Thus, if the parity increment for the cohort of age group 
i at the first survey is denoted by AP(i +I), and the par- 
ity of age group i for the hypothetical cohort is denoted 
by P(i, s )  (where the s stands for "synthetic"), one has 

~ ( i  +1)= ~ ( i  +I, 2)-P(i, I) fori = 1 ... 6 (B.11) 

and 

i 

P(i ,s)= 2 Mu).  (B. 12) 
j =  l 

The parity increment AP(i + 1) for the youngest age 
group (i =0) is taken as being directly equal to P(I,2). 
If fertility is changing rapidly, this value of AP(1) will 
reflect period rates somewhat closer to the second survey 
than to the mid-point of the interval, slightly over- 
allowing therefore for the change in fertility. 

If the intersurvey interval is 10 years, then the sur- 
vivors of the initial cohort of age group i in the first sur- 
vey will be the women in age group (i +2) in the second; 
and the hypothetical cohort parities are obtained by 
cumulating two parallel sequences of parity increments. 
Once more, for the youngest age groups, AP(1) is taken 
as being equal to P(1,2) and U ( 2 )  to P(2,2). Other 
parity increments are calculated as 

~ ( i  +2)= ~ ( i  +2,2)-P(i, I )  for i = 1 ... 5. (B.13) 

Hypothetical-cohort parities for even-numbered age 
groups are obtained by summing the parity increments 
for even-numbered age groups, whereas those for odd- 
numbered age groups are obtained by summing parity 
increments for odd-numbered age groups. Thus, 

and 

whereas 

and 

Step 3: calculation of intersurvey fertility schedule. The 
method of calculating this schedule, denoted by f (i), 
depends upon the data available. One possible pro- 
cedure is to calculate age-specific fertility rates referring 
roughly to the first and last years of the intersurvey 
period by using data on the reported number of births 
during the year preceding each survey. In such a case. 
for each survey one would divide the reported births for 
each five-year age group of mother by the reported 
number of women in the same age group and then 
obtain age-specific fertility rates for the intersurvey 
period by calculating the arithmetic mean of each pair 
of end-point rates. Because of age-group incompatibili- 
ties, it is important to avoid combining a schedule 
derived from a question on births in the past year with 
another based on registered births; either consistent 
sources of current fertility rates must be used or the 
schedule based on births in the past year must be 
adjusted for the fact that its age c~aGificaGon is likely to 
be displaced by six months (see step 5 of subsection B.2 
(c)). 'Only when compatibility has been ensured by such 
an adjustment may averaging be performed. If data on 
births classified by age of mother are not available for 
the end-points of the intersurvey period, the use of an 
age-specific fertility schedule referring approximately to 
the middle of the period would be acceptable. 

Step 4: calculation of cumulatedfertility for the hypothet- 
ical intersurvey cohort. The calculation of cumulated fer- 
tility, denoted by cp(i), is exactly the same as step 3 in 
subsection B.2 (c); and its description is not repeated 
here. 

Step 5: estimation of average parity equivalents for the 
hypothetical intersurvey cohort. The estimation of these 
equivalents, denoted by F(i), is performed exactly as 
described in step 4 of subsection B.2 (c). I t  is not 
described again here. 

Step 6: calculation of a fertility schedule for the usual 
jive-year age groups. This step, which is omitted when the 
source of current fertility data is a vital registration sys- 
tem. is exactlv the same as stev 5 described in subsection 
8.2 (c). Its d;?scription is not ;epeated at this time. 

Step 7: adjustment 4 the intersurvey fertility schedule. 
This step is exactly the same as step 6 of subsection B.2 
(c), and its description is omitted. 

(d) A derailed example 
Data from Thailand for 1960 and 1970 permit the 



TABLE 16. FEMALE WPULATION.CHlLDREN EVER BORN AND REGISTERED BIRTHS. 

BY AGEGROUPOF WOMEN,THAILAND. 1960 AND 1970 

application of the hypothetical-cohort technique. The 
censuses in both those years published data on children 
ever born classified by age of mother, and registered 
births classified in the same way are available for 1960 
and 1970 (years that closely approximate the exact end- 
points of the intercensal period). Although the intercen- 
sal period is not exactly 10 years in length-the census 
dates were 15 April 1960 and 1 April 1970-4 is close 
enough to being exactly 10 years for a cohort in 1960 to 
be identified as a cohort 10 years older in 1970. The 
basic data required are shown in table 16 and the steps 
of the calculations are given below. 

Step I: calculation of reported average parities from each 
survey. The two sets of average parities at the end-points 
of the intercensal period are calculated by dividing the 
number of children ever born, given in columns (4) and 
(5). by the total number of women, shown in columns 
(2) and (3). for each age group. Results are shown in 
table 17. As an example, the average parity for age 
group 2 from the 1960 census, denoted by P(2, I), is 
obtained as 

and the average parity for age group 4 from the 1970 
census, denoted by P(4.2). is obtained as 

TABLE 17. R E ~ R T E D  AVERAGE PARITIES. 1960 AND 1970, AND PARI- 
nm FOR THE HYPOTHETICAL INTERCENSAL COHORT. BY AGE GROUP. 
THAILAND 

different sums of parity increments, is used. The 
hypothetical-cohort parity for age group i is denoted by 
P(i ,  s).  The first two values are obtained directly from 
the parities reported at the second census; thus, 

and 

Subsequent values of P(i ,  s )  are obtained by summing 
certain cohort parity increments, one sum using only 
increments derived from odd-numbered age groups and 
another only those from even-numbered age groups. 
The parity increments, denoted by AP(i) and shown in 
table 17. are calculated as 

Thus, for example, the parity increment for i =5 is cal- 
culated as 

Average parities for a hypothetical intercensal cohort 
are then obtained by cumulating the cohort parity incre- 
ments. Since the intercensal period is 10 years. two sums 
are required: parities for odd-numbered age groups are 
obtained by adding odd-numbered parity increments; 
while those for even-numbered age groups are obtained 
by summing even-numbered parity increments. The 
resulting average parities are shown in column 5 of table 
17; the following two examples illustrate the computa- 
tional procedure: 

Step 2: calculation of average parities for a hypothetical = 6.0890. 

intersurvey cohort. The intercensal interval in the case 
under consideration is 10 years, so the second way of Step 3: calculation of the inter.~~rr~*t:~? fertiliv schedule. 
deriving hypothetical-cohort parities, employing two Table 16 shows the number of births registered in 1960 



and 1970 classified by age of the mother and also the 
female population enumerated by the 1960 and 1970 
censuses classified according to the same age groups. 
Age-specific fertility rates for 1960 and 1970 are 
obtained by dividing the registered births for each age 
group, given in columns (6) and (7), by the enumerated 
female population of the same age group, shown in 
columns (2) and (3). Thus, iff  (i, 1) denotes the age- 
specific fertility rate of age group i in 1960 and f (i, 2) 
denotes the corresponding rate in 1970, 

and 

Values of f ( i ,  j) for all age groups are shown in 
columns (2) and (3) of table 18. Average fertility rates 
for the intercensal period 1960-1970, f (i), are then 
obtained by summing the rates for 1960 and 1970 for 
each age group and dividing by two. The final f (i) 
values are shown in column (4) of table 18. The next 
examples illustrate the computational procedure: 

and 

TMLE 18. AGE SPECIFIC FERTILITY RATES. 1960 AND 1970, AND AVER- 
AOE ~ E R m L l n  M~ES FOR 'ME INTERCENSAL PERIOD, THAILAND 

It should be mentioned that this estimate of the aver- 
age intercensal fertility schedule, being just an arith- 
metic mean of the schedules observed at the two end- 
points, is only approximate in nature. If the age patterns 
of the fertility schedules at the end-points are very 
different, it is likely that the age pattern of fertility may 
have changed sharply during the intercensal period; and 
a better estimate of an average intercensal fertility 
schedule would be obtained by averaging the schedules 
observed during each year of the period or by calculat- 
ing directly an intercensal schedule for the period by 
dividing all the births recorded during the period for 
each age group of mother by an estimate of person-years 
lived by women in each age group during the same 
period. In the case of Thailand, the age-specific fertility 
rates for 1960 and 1970 shown in table 18 are fairly simi- 
lar and do not suggest the existence of a sharp change in 
the age pattern of fertility over the intercensal period, so 
that the f (i) estimates listed in table 18 are adequate. 

Fertility rates for 1960 and 1970 have been calculated 
by using the births registered during each year and the 
female population enumerated by each census. Strictly 
speaking, these rates should have been calculated by 
using estimates of the female population at the middle 
of each year, rather than the populations enumerated by 
censuses taking place in April. Since the mid-year popu- 
lations would be slightly larger than those enumerated, 
the fertility rates calculated using them as denominators 
would be slightly lower. However, if the mid-year popu- 
lations are estimated by applying the same growth rate 
to the enumerated number of women in each age group, 
the resulting fertility rates will just be constant multiples 
of those obtained in table 18 and their age pattern will 
not be affected. Since only this pattern is relevant in 
applying the P /F ratio method, the results yielded by it 
will not be essentially affected by the lack of adjustment 
of the female population, although, of course, the esti- 
mates of the completeness of birth registration obtained 
are valid only with respect to the population actually 
used as denominator. In this case, the use of the 
enumerated population instead of that corresponding to 
the mid-year would increase the completeness estimates 
only by about three quarters of 1 per cent. 

Step 4: calculation of cumulated fertility for the hypothet- 
icd intersurvey cohort. The intercensal fertility rates, 
f ( i ) ,  shown in column (4) of table 18 are multiplied by 
the width of the age group to which they refer and 

TMLE 19. CUMUUTED FERTILITY SCHEDULE, PARIN EQUIVALENTS. HYPOTHETICALCOHORT PARITIES. 
P /F RATIOS AND ADJUSTED INTERCENSAL FERTILITY RATES, THAILAND. 1960- 1970 



summed successively to produce the values of the cumu- 
lated fertility schedule, +(i ). Because all age groups in 
this instance are five years in length, the process just 
described is equivalent to that illustrated below for i = 2 
and 5, where cumulation of the values off (i) is carried 
out first and multiplication by the length of the age 
groups later: 

The complete set of +(i) values is shown in column (2) 
of table 19. 

Step 5: estimation of average parity equivalents for the 
hypothetical intersurvey cohort. Since, in this case, infor- 
mation on births by age of mother was obtained from a 
registration system, the reported age of mother is likely 
to be the one she had at the time of the birth. Therefore, 
the values of average parity equivalents, F(i ), are calcu- 
lated by substituting the coefficients from part (b) of 
table 7 in equation (B.4). which has the form: 

As examples, 

and 

All values of F(i) are shown in column (3) of table 19. 
Step 6: calculation of a fertility scheciule for the usual 

five-year age groups. This step is omitted because in this 
case the information on births by age of mother was 
obtained from a registration system where women are 
likely to report the age they had at the time of delivery. 

Step 7: aajustment 4 the intercensal fertility schedule. 
Comparable values of P(i)  and F(i) are now available 
for the period 1960-1970, so that P /F ratios can be cal- 
culated and an adjustment factor K can be selected from 

them. Column (3) of table 19 shows the F(i) values, 
column (4) shows the P(i,  s )  values copied from table 
17 and column (5) shows the P(i,  s) /F(i)  ratios. These 
ratios are reasonably consistent, except for the first, the 
value of which suggests the existence of less complete 
registration of births by very young mothers; part of this 
above-average omission affects the P IF ratio for the 
second age group through its dependence upon +(I). 
Since most of the P / F  ratios are consistent, the way in 
which an adjustment factor is selected is not of great 
importance; the average of the ratios for age groups 3-6 
is likely to be as satisfactory as any, so 

Column (6) of table 19 shows the adjusted fertility 
schedule, f *(i), for the period 1960-1970. Total fertility 
may be estimated either by summing the f *(i) values 
and multiplying by five or by multiplying $47) by K. In 
either case, the estimate of TF obtained is 6.46, com- 
pared with the unadjusted value of 4.85. K is an adjust- 
ment factor for registered births, so its reciprocal, 1 /K, 
is an estimate of the completeness of birth registration, 
found to be 75.1 per cent (this completeness is measured 
with respect to the female population enumerated by the 
censuses). The intercensal birth rate may be estimated 
by summing total births registered during the years 
1960-1969, multiplying the total by K, and dividing by 
the person-years lived by the entire population from 
1960 to 1970. 

5. Comparison of mean number of births registered by a 
cohort of women with the reported average parity of the 
same cohort 

(a) Basis of method and its rationale 
Subsection B.4 presented a method for comparing 

average parities with average parity equivalents derived 
from period fertility rates without the necessity of 
assuming constant fertility. The most important aspect 
of this method is that average parities are calculated for 
a period rather than for a series of cohorts. It requires, 
however, that data on children ever born be available 
for two points in time, five or 10 years apart. If only one 
source of data on children ever born exists, or if the 
intersurvey period is not five or 10 years in length, an 
alternative procedure that does not require the assump 
tion of constant fertility may be used. However, this 
procedure requires the availability of a fairly long series 
of annual data on registered births classified by age of 
mother. This method makes use of the cohort nature of 
reported average parities and compares them with parity 
equivalents obtained from the recorded fertility rates 
pertaining to the relevant cohorts. 

If one considers women aged 30-34 at some census, a 
year before the census they were aged 29-33, then 10 
years before the census they were aged 20-24, and 20 
years before the census they were aged 10-14. Therefore, 
assuming that childbearing effectively begins at age IS, 
the children ever born reported by these women at the 
time of the census reflect the cumulated fertility experi- 
ence of the women over the preceding 20 years. If mor- 



tality and migration are assumed to be unrelated to the 
fertility experience of women, and fertility rates can be 
calculated for those 20 years, average parity equivalents 
for each cohort can be constructed and compared with 
the reported average parity of women at the time of the 
census. This method is mainly of use with data on births 
from a vital registration system, which is normally the 
only source of information about births over a 20-year 
period; but if fertility schedules are available from other 
sources for regular five-year intervals, there is no reason 
to prevent the use of such schedules. The description 
here, however, is given in terms of data from a vital 
registration system. 

The difficulty with applying this general idea is that a 
cohort represented by a conventional five-year age 
group at the time of the census would not have been a 
conventional five-year age group in earlier years. Thus, 
the population in age group 30-34 at the time of a census 
would have been aged 29-33 a year earlier, 28-32 two 
years earlier and so on. If births are tabulated by single 
year of age of mother, this problem is not serious, 
because single-year fertility rates can be calculated for 
each year and then summed by cohort with relative ease. 
The calculations would be lengthy, however, and age- 
heaping might have a non-trivial effect on the fertility 
rates, so it is convenient to have an approach that can be 
applied to rates for conventional five-year age groups. 
Such a procedure is described here. 

(b) &ta required 
The data required for this method are described 

below: 
(a) The number of children ever born by five-year age 

group of mother, taken from a census; 
( b )  Registered births by five-year age group of mother 

for each of 15 or 20 years preceding the census; 
( c )  The number of women in each age group from the 

census, and from one or more earlier censuses, to allow 
the estimation of the female population by five-year age 
group for each of the 15 or 20 years preceding the final 
census. 

(c) C~mputationalpmedure 
The following steps are required for the computa- 

tional procedure. 

Step 1: calculation of reported average parities. Average 
parities for each age group from the final census, 
denoted by P(i ) ,  are obtained by dividing the number of 
children ever born reported by women in each age 
group by the total number of women in each age group. 
See, however, the discussion in subsection A.2 concern- 
ing the treatment of women whose parity is not stated 
and the use of the El-Badry correction (described in 
annex 11) .  

attempt is made here to describe the procedure in gen- 
eral terms. It is assumed that census enumerations cover, 
or almost cover, the 20 years or so for which registered 
fertility rates are to be cumulated. The reference date of 
each census should then be calculated in terms of years, 
the decimal part being obtained by dividing the number 
of days from 1 January to the date of the census by 365, 
the number of days in a year. The exponential growth 
rate, r ( i ) ,  of each age group i is then obtained by divid- 
ing the difference between the natural logarithms of the 
female population of age group i at the second and first 
censuses by the length of the intercensal period in years, 
as shown in equation (B. 14): 

( i )  (In ( i  2 )  ( i ,  ) ) ( t - )  (B.14) 

where N(i ,  j) is the female population of age group i at 
census j ;  t is the date of the first census expressed in 
decimals; and r 2  is the date of the second census 
expressed in the same fashion. The required denomina- 
tors for each year can then be calculated for each mid- 
year between t ,  and r z  by expanding exponentially the 
initial population for the period using equation (B.15): 

where N(i ,  7 )  is the female population of age group i 
required as denominator for calendar year T .  

The objective of this method is to measure the com- 
pleteness -of birth registration, with a view to adjusting 
births registered during a recent period for omission, 
and thus to estimate the recent levels of fertility. The 
effects of other errors, such as changes in the complete- 
ness of census enumeration through time, should there- 
fore be allowed for before cumulating age-specific fertil- 
ity rates for comparison with average parities. Hence, 
when there is evidence suggesting that changes in the 
completeness of enumeration have taken place, it is 
desirable to adjust the censuses before calculating the 
population denominators. However, it is not necessary 
to adjust each census for absolute underenumeration; it 
is only necessary to ensure that the completeness of 
enumeration of the different censuses shall be the 
same. 

Step 3: calculation of age-specific fertility rates from 
births registered hring the years preceding the census. 
Age-specific fertility rates are to be calculated for calen- 
dar years, so it is convenient to cumulate the rates to the 
end of each year. The census providing average parities 
is unlikely to have as reference date exactly the end of a 
year, but fortunately average parities for a specified age 
group change slowly even when fertility is changing 
rapidly. The parities from the census can therefore be 
regarded as referring to the year-end nearest to the 
census date, and registered rates can be cumulated up to 
the relevant year-end. Thus, if the census date is on or 

Step 2: estimarion of mid-parfemale population by age before 30 ~ u n e ,  registered fertility rates would be cumu- 
group for each year preceding the census. The exact pro- lated to the end of the preceding calendar year, whereas 
cedure to be followed in estimating the series of mid- if the census date is after 30 June, registered fertility 
year female populations by age group depends upon the rates would be cumulated to the end of the calendar 
dates of the census enumerations available, so an year during which the census took place. 



Age-specific fertility rates are required for a total of 20 
calendar years. The rate for age group i and calendar 
year 7, f ( i  , T), is calculated as 

f (i, T)= B(i, r)/N(i, 7) (B. 16) 

where B(i, T) is the number of births registered in calen- 
dar year T as having occurred to women of age group i . 

If registered births by age of mother are not available 
for a few of the 20 calendar years required, the applica- 
tion of the method will be only slightly affected if rates 
for the odd blank year are estimated from neighbouring 
rates. For example, if registered births are not available 
for one year in the series, the fertility rates for that year 
can be estimated as the average of the rates in the 
preceding and following years. Or if fertility rates are 
only available for the last 16 of the 20 years required, 
the rates for the earliest available year can -be adopted 
for the four preceding years without much danger of 
introducing sizeable errors. However, such extrapolation 
is more dangerous if more recent years are involved 
because imputation in this case affects more age groups, 
is likely to cover more of the years of peak childbearing 
and is less likely to reflect adequately any changes in fer- 
tility that might have actually taken place. 

Step 4: cumulation of registered ferrilify for diffent 
female birth cohorts to estimate parity equivalents. As 
mentioned in step 3, reported average parities are 
assumed to refer exactly to the end of a calendar year, 
whereas age-specific fertility rates calculated from 
registered births refer to whole calendar years. Hence, 
each age-specific fertility rate encompasses the child- 
bearing experience of two female birth cohorts if the 
latter are defined with respect to age at the end of a 
calendar year. It is therefore necessary to split the 
observed age-specific fertility rates into two parts, each 
contributed by a cohort for which reported average par- 
ity is available, in order to estimate parity equivalents, 
F(i). For example, one may assume that average pari- 
ties by five-year age group are available for the end of 
year t . Women aged 25-29 at the end of year t were 
aged 24-28 at the beginning of year t ,  so during year t 
their cumulated fertility would have been increased by 
most of the age-specific fertility rate for age group 25-29 
in year r (but not by all of it, because some of those aged 
29 years who give birth in year r would be age 30 by the 
end of the year) and by a small amount of the rate for 
age group 20-24 (to allow for births to those aged 24 
years who were 25 by the end of the year). Assuming 
that, within each age group, the distribution of women 
by age is rectangular and their fertility by age is con- 
stant, 90 per cent off (3, r ), the rate for women 25-29 in 
year t ,  and 10 per cent o f f  (2, r )  contribute to the 
cumulated fertility of women aged 25-29 years at the 
end of year t . The same women would have begun year 
r - I aged 23-27 and ended it aged 24-28, so their cumu- 
lated fertility would have a rather greater contribution 
from age group 20-24 and a rather smaller contribution 
from age group 25-29 than in the previous case; making 
the same assumptions as above, their cumulated cohort 

fertility would increase by 70 per cent off (3, t -1) and 
by 30 per cent off (2, t - I )  during year t - 1. It should 
be noted in passing that the proportions of these age- 
specific fertility rates that are not contributed to the 
cohort in question are contributed to another cohort; for 
example, 30 per cent off (3, t - 1) is added to the cumu- 
lated fertility of the cohort aged 30-34 at the end of year 
t ,  and 70 per cent of f  (2, t - 1) is added to that of the 
cohort aged 20-24. This example shows that the essence 
of the calculation of cumulated cohort fertility lies in 
splitting by cohort the fertility rates for each age group 
and calendar year into two parts and then summing the 
portions relevant to each cohort. 

Unfortunately, the simple assumption made above 
concerning the constancy of fertility within each age 
group is not satisfactory for splitting the age-specific fer- 
tility rates for younger women; and since the recent 
fertility experience of these women is that of greatest. 
interest, an alternative estimation procedure is neces- 
sary. ~i11' devised such a procedure. I t  is based on a set 
of separation factors derived from the ~rass '  fertility 
polynomial. The set of factors used in any particular 
instance depends upon the general shape of the age- 
specific fertility schedule proposed by Brass and on its 
specific age-location in the case at hand. The general 
equation defining cumulated fertility in terms of separa- 
tion factors and observed annual age-specific fertility 
rates is 

where F(i ,  t )  = cumulated fertility of women of age 
group i at the end of year r ; 

s (m , j ) = separation factor for location m of age 
group j ; 

f u,  t -k)  = age-specific fertility rate for age group 
j in ' year t - k ,  where k =  

5 0 ' -  1 -i)+m. 

Values of s(m, j )  are listed in table 20, and they should 
be selected for each calendar year t according to the 
value off (1, t)/f (2,t). 

Equation (B.17) states that cumulated cohort fertility 
at the end of year t is the sum of all the portions of the 
registered fertility rates contributed by women of the 
cohort. The number of years the sum will cover depends 
upon the age of the cohort at the end of year I .  The old- 
est members of age group 15- 19 at time t would have 

' Kenneth H .  Hill. "Methods for estimating fertility trends using 
WFS and other data". World Fertilitv Sitr~rv Conference; Record of 
Pmeeclings, London. 7-1 1 Jul 1980 (Vcwrhurg. The Hague, Intema- 
tional Statistical Institute. 198r). vul. 3. pp. 4)-508. 

William Brass, Methods for Ewin,uri,tg Fertiliy and MortaliryJmm 
Limited and Dejectiw Lbla (Chapel Hill. N.C.. Carolina Population 
Center, Laboratories for Populution Studics. 1975). 



TABLE 2 0 .  SEPARATION FACTORS FOR SPLITTING ANNUAL AGE-SPECIFIC FERTILITY RATES BY COHORT 

reached 15 at the beginning of year I -4, so that if no 
childbearing is assumed to occur before age 15, the sum 
need only be calculated for the years from I -4 to I .  For 
age group 30-34, on the other hand, childbearing occurs 
during the years from t - 19 to t ,  so the sum begins in 
year t - 19 with a small portion of the age-specific fertil- 
ity rate for women aged 15-19 and continues through 20 
years, to finish with a large portion of the rate in year t 
for women aged 30-34, plus a small portion of the rate in 
year r for women aged 25-29. 

In conclusion, it should be mentioned that although 
the form of equation (B. 17) may give the impression that 
its application is very complicated, the basic idea under- 
lying it is fairly simple, and if working-sheets are laid 
out following the procedure described in the detailed 
example the necessary calculations are tedious but 
straightforward. 

Step 5: estimation of compIeteness of birth registration 
The cumulated cohort fertility .from registered births, 
F(i), calculated in the previous step has been con- 
structed so as to be comparable to reported cohort par- 
ity, P(i), at the final census. Therefore, the ratio 
F(i )lP(i ) provides a measure of the average complete- 
ness of registration of the births that occurred to cohort 
i. If the completeness of registration had remained 
approximately constant over a period of 15 years or so, 
the FIP ratios should have more or less the same values 
for all cohorts, and an average of the ratios for age 
groups 20-24,25-29 and 30-34 can be adopted as an esti- 

mate of the completeness of birth registration over the 
period. Hence, its reciprocal can be used as an adjust- 
ment factor for any or all of the age-specific fertility, 
schedules calculated in step 3. If the completeness of 
birth registration has improved over time, the F I P  
ratios for the younger cohorts will bt higher than for 
older cohorts. In such a case, the most recent fertility 
schedule (referring to the year of the final census) may 
be adjusted by P(2)/F(2), the ratio reflecting the most 
recent level of completeness; P(I)IF(I) should not be 
used in general as an adjustment factor because of the 
intrinsic difficulty in approximating F(1) accurately. 
When the F I P  ratios indicate that completeness has 
been improving through time, no obvious basis exists for 
adjusting the fertility schedules referring to earlier years. 

(d) A detailed example 
The data required for the application of the method 

described in this section are available for Thailand prior 
to 1970. Table 21 shows registered births classified by 
five-year age group of mother for the period 1950-1969 
(only the births for women under 35 are shown, since the 
cumulation of cohort fertility is only carried out up to 
the cohort of women aged 30-34 at the end of the 
period). Although not shown, some of the births 
registered could not be classified according to age of 
mother because the latter information was missing. 
Therefore, there is a question as to what to do with these 
births. If their proportion over all registered births is not 
large and it does not change much over time, the 



difference introduced by distributing them according to 
births of known age of mother will be minor. Hence, the 
simplest procedure is to exclude them, in which case the 
estimates of registration completeness obtained refer 
only to births of known age of mother. If the births with 
unspecified age of mother are a substantial proportion of 
all registered births, or if their proportion changes over 
time, their redistribution and addition to the births with 
mothers of known age is likely to affect the results; 
because there is usually no sound basis to determine 
how their redistribution with respect to age of mother 
should be performed, the safest procedure is to exclude 
them from the analysis. In, table 21, they have been 
excluded. Table 22 shows the female population 
enumerated by the censuses of 1947, 1960 and 1970, and 
the number of childen ever born classified by age of 
mother from the 1970 census. 

.The steps of the computational procedure are given 
below. 

Step 1: calculation of e p r t e d  average parities. The 
average parities by age group of mother, P(i), are calcu- 

 TABLE^^. R~OI~TERED BIRTHS. BY FIVE-YEAR AGE GROUPOF MOTHER 
THAILAND, 1950- 1969 

A@gmy 

YW IJ-19 B 2 4  25-29 30.34 
(1) (2) (3) (4) (J) 

1950 .......... 32 352 139 307 131 729 101 258 
1951 .......... 3 1 422 140 562 137 998 107 652 
1952 .......... 31 083 I50 681 141 402 104 569 
1953 .......... 35 097 172015 160 075 1 10 508 
1954 .......... 38 528 189 795 182 055 125 260 
1955 .......... 40 323 1% 868 185 435 127 204 
1956 .......... 44611 216 365 207 804 143 083 
1957 .......... 44 160 210 923 208 855 147 567 
1958 .......... 43 607 209 405 212 248 153 627 
1959 .......... 45 445 224 553 235 221 170281 
1960 .......... 49 799 238 243 250 736 183 152 
1961 .......... 51 048 239 183 253 566 181 700 
1962 .......... 53 686 246 039 265 988 196 I53 
1963 .......... 57 335 253 232 277 504 205 771 
1 %4 .......... 64 153 270 198 299 972 231 271 
1 %5 .......... 75 314 265 482 289 760 227 407 
1 %6.. ........ 81 238 260 053 274 279 215 850 
1 %7.. ........ 84 833 268 539 277 377 222 601 
1968 .......... 92 338 295 524 288 379 234 %2 
1969 .......... 91 788 285 713 267 990 215 613 

TABLE 22. TCITAL POWLATION AND FEMALE POWLATION AGED 15-34. BY AGE GROUP. FOR THE CENSUS 
YMRS 1947, 1960 AND 1970; CHILDREN EVER BORN I N  1970 AND ADJUSTED POPULATION I N  1970, THAI- 
LAND 

Total 
populalion 8 68 1 257 13 103 767 17 273 5 12 18 137 188 

lated for 1970 from the data displayed in table 22 by 
dividing the reported number of children ever born in 
each age group (column (5)) by the total number of 
women in each age group .in 1970 (column (4)). Results 
for each age group are shown in column (6) of table 22; 
as an example, 

Step 2: estimation of mid-;war female population by age 
group for each yecupreceding the census. Table 22 shows 
the reference dates of the population censuses of 1947, 
1960 and 1970. These dates can be converted into units 
of years by calculating the number of days from the 
beginning of the year to the census date and dividing it 
by 365 (or 366 in a leap year). The reference date of the 
1947 census was 23 May 1947. There are 31 days in 

the consistency of the completeness of enumeration of 
the censuses should be applied. Application of a method 
described in chapter IX suggests that the 1970 census 
was about 5 per cent less complete than the 1960 census, 
so the raw 1970 census figures appearing in column (4) 
of table 22 have been adjusted by a factor of 1.05 and 
are shown in column (7) of the same table. The 1947 
and 1960 censuses appear to have achieved approxi- 
mately the same level of completeness. Thus, columns 
(2), (3) and (7) of table 22 are regarded as showing an 
approximately consistent set of population figures. 

Age-specific population growth rates are then calcu- 
lated for both intercensal periods using equation (B.14) 
and the exact census dates calculated above. Thus, for 
the period 1947-1960 and for the female population 
aged 15-19(i=1): 

January, 28 in February (29 in a leap year), 3 1 in ~ i r c h ,  
30 in April; and in this case, 23 of the 3 1 days in May r ( 1 )=[in( 1,236,294) -ln(979,6 1311 /[1960-3 17 - 1947.3921 
are needed. The decimal  ort ti on of the census date is 
thus (31 + 28 + 31 + 36 + 23)/365, or 1431365. = = i14.02763- 13.79491]/12.925 
0.392. Hence, the full decimal date is 1947.392. Because 
1960 was a leap year, the decimal portion of the date is = 0.01801. 
(3 1 + 29 + 3 1 + 25)/366 = 0.3 17, and the full decimal 
date is 1960.3 17. The 1970 date is 1970.249. The growth rates for all age groups and for both inter- 

At this point, any adjustments necessary to improve censal periods are shown in table 23; it will be noticed 



that they are rather variable, suggesting the existence of 
differential age-misreporting or fluctuations by age in 
enumeration completeness. However, beyond noting the 
possibility of errors, not much else can be done. 

Mid-year population denominators can now be calcu- 
lated for each year, from 1950 to 1969, by applying 
equation (B.15). A few examples will make the pro- 
cedure clear. The female population aged 15-19 in 
mid-1950 (that is, at 1950.5 in decimal terms) is needed. 

TABLE 23. AGE-SPECIFIC GROWTH RATES FOR ME FEMALE POPULATION. 
1947-1960 AND 1960- 1970, AFTER ADJUSTMENT. THAILAND 

The growth rate for age group 15-19 between 1947 and 
1960 is 0.01801, and the period from the !947 census 
to mid-1950 is 1950.5 - 1947.392 years. Hence, the 
estimated female population in 1950.5, N(1, 1950), is 
obtained from the 1947 census population, N(1, 1947), 
as 

N(1, 1950)= N(1, 1947) exp((0.01801)(1950.5 - 

For 1960, however, the 1960-1970 growth rate would be 
used: 

The estimated mid-year populations are shown in table 
24. Note that, for the sake of clarity, the calcula~tions 
have been performed with a higher number of 
significant digits than is really required. For efficiency of 
calculation, it would be worth working with only four 
significant digits, rounding the femal; populations in 
each case to thousands. 

Step 3: calculation of age-specific fertility rates from 
registered birth. Age-specific fertility rates for each year 
are calculated by dividing the number of births 
registered for each-age g o u p o f  women (table 2 1) by the 
estimated mid-year female population of the age group 
(table 24). Thus, the age-specific fertility rate for age 
group 15- 19 in 1950 is calculated as 

For 1959 and age group 25-29, = 0.03 12. 

TABLE 24. ESTIMATED MID-YEAR FEMALE POPULATION. BY AGE GROUP. THAILAND. 1950-1969 



Similarly. the rate for those aged 25-29 years in 1960 is 
calculated as 

f (3, 1960)= B(3, 1960)/N(3, 1960) 

= 0.2390. 

All values o f f  ( i ,  j) are shown in table 25. For the 
period 1960- 1969, age-specific fertility rates for women 
aged 35-39,40-44 and 45-49 are also shown. These rates 
are not needed to apply the method described here, 
but they are needed in applying that described in sub- 
section B.6. 

Step 4: cumulation of registered fertility for w e n t  
female birth cohorts to estimate parity equivalents. Some of 
the age-specific fertility rates shown in table 25 are not 
required in cumulating the fertility for the cohorts of 
interest since they reflect entirely the childbearing of 
cohorts older than 30-34 in 1970; to be specific, the rates 
above the dotted lines are not needed and have been 
calculated in part for the sake of completeness and in 
part to be used in subsection B.6. All the rates below the 
lines, however, need to be split between two cohorts in 
order to estimate parity equivalents, F ( i ) ;  and the por- 
tions corresponding to each cohort need to be cumulated 
separately. A convenient way of carrying out this pro- 
cess is to work with five-year periods. Table 26 shows 
the recommended way of laying out the calculations. 
The 20-year period considered is divided into four sub- 
periods, each five years in length; within each period, 
each year is identified by an index value m ranging from 

I to 5, indicating the location of the cohorts with respect 
to the age groupings of the age-specific fertility rates. 
Thus, for 1969, m is equal to 5; and the cohorts are, on 
average, six months younger than the ages indicated by 
the age groups of the fertility rates; the cohort aged 30- 
34 at the end of 1969 began the year aged 29-33, for 
instance. For 1965, m is equal to I; and the cohorts are, 
on average, 4.5 years younger than the ages indicated by 
the fertility rate groupings. The index m is used to select 
the separation factors necessary to split the observed fer- 
tility rates (see table 20). The other indices employed in 
table 26 are: k ,  a measure of years before the census; i ,  
the cohort index; and j, which indicates the age range of 
the age-specific fertility rates being split. 

For each group of five calendar years, the procedure 
is the same, though the number of rates that are split 
declines by one each time one moves five years into the 
past. The first step is to calculate, for each year, the 
value off (1)lf (2). the ratio of the age-specific fertility 
rate for women aged 15-19 to that for women aged 20- 
24. This ratio is an indicator of the age pattern of early 
childbearing, and its value is necessary for interpolating 
between the columns of table 20. Then, the f ( I ,  7) fertil- 
ity rates for each of the five years preceding the census 
are split and the portion of each rate belonging to the 
census cohort aged 15-19, and its complement, belong- 
ing to the census cohort aged 20-24, are identified. The 
separation factors for these rates are obtained from table 
20 and depend upon the index m ,  the age group j and 
the value off (l)/f (2). For 1969, m is 5 and f (l)/f (2) 
is 0.2372. The required separation factor is therefore a 
value between 0.764 for an f(l)/j '(2) of 0.3. and 0.691 

TABLE 25. AGE-SPECIFIC FERTILITY RATES CALC ULATED FROM REGISTERED BIRTHS AND 
INTERPOLATED MID-YEAR FEMALE POPULATION, TI~AILAND. 1950- 1969 

. - - A . E ~ ~  ... 

Yea? 13-19 20-24 25-29 30-34 35-39 4044 45.49 
(1)  - -- (2) (3) (4) (.rl (4) 17) .. ___ _!8?- -------- 
1950 .......... 0.0312 0.1590. 0.1832 0.1603 
1951 .......... 0.0298 0.1553 0.1848 0.1650 
1952 .......... 0.0289 0.1612 0.1822 0.1551 
1953 .......... 0.0321 0.1781 0.1985 0.1586 
1954 .......... 0.0346 0.1903 0.2173 0.1741 -------- 
1955 .......... 0.0356 0.1911 0.2131 0.1711 
1956 .......... 0.0386 0.2033 0.2298 0.1863 
1957 .......... 0.0376 0.1919 0.2223 0.1860 
1958 .......... 0.0364 0.1844 0.2174 0.1874 
1959 .......... 0.0373 0.1915 0.2319 0.2010 -------- 
1960 .......... 0.0399 0.1972 0.2390 0.2095 0.1751 0.0870 0.02 13 
1961 .......... 0.0390 0.1946 0.2384 0.2025 0.1626 0.0796 0.0197 
1962 .......... 0.0392 0.1968 0.2466 0.2 129 0.1753 0.0855 0.02 16 
1963 .......... 0.0399 0.1990 0.2538 0.2175 0.1803 0.0876 0.02 19 
1964 .......... 0.0426 0.2087 0.2705 0.2380 0.1965 0.0935 0.0228 -------- 

.......... 1965 0.0476 0.2016 0.2577 0.2280 0.1884 0.0926 0.0235 
1%6 .......... 0.0490 0.1941 0.2406 0.2 107 0.1736 0.0874 0.0238 

.......... 1967 0.0488 0.1970 0.2400 0.21 17 0.1717 0.0869 0.0247 
1968 .......... 0.0507 0.2130 0.2461 0.2 176 0.1795 0.0906 0.0234 
1969 .......... 0.0480 0.2024 0.2255 0.1945 0.1591 0.0824 0.0225 



Tlule 26. CALCULATION OF PARITY EQUIVALENTS FOR DIFFERENT FEMALE BIRTH COHORTS. THAILAND. 1950- 1969 

/ ( I )  
s(m. I )  
Cohort I 
Cohort 2 

f ( 2 )  
d m .  2)  
Cohort 2 
Cohort 3 
f (3) 
s(m, 3)  
Cohort 3 
Cohort 4 

f (4) 
s(m. 4) 
Cohort 4 
Cohort 5 

f (5) 
s(m. 5) 
Cohort 5 
Cohort6 

f (6) 
d m ,  6)  
Cohort 6 
Cohort 7 

f (7) 
s(m. 7 )  
Cohort 7 
Cohort 8 

(a )  1965-1969 
0.0490 
0.0070 
0.0003 
0.0487 
0.1941 
0.2410 
0.0468 
0.1473 
0.2406 
0.2960 
0.07 12 
0.1694 
0.2 107 
0.3270 
0.0689 
0.1418 
0.1736 
0.3270 
0.0568 
0.1 168 
0.0874 
0.3600 
0.03 15 
0.0559 
0.0238 
0.4260 
0.0101 

(0.0137) 

/ ( I )  
d m ,  1) 
Cohort 2 
Cohort 3 

f (2) 
s(m. 2) 
Cohort3 
Cohort 4 

f (3) 
s(m, 3) 
Cohort 4 
Cohort 5 

f (4) 
s(m, 4) 
Cohort 5 
Cohort 6 
f (5) 
d m .  5) 
Cohort 6 
Cohort 7 

f (6) 
s(m, 6 )  
Cohort 7 
(Cohort 8) 

O . m  
(5) 

(b) 1960-1964 
0.0390 
0.0000 
0.0000 
0.0390 
0.1946 
0.2330 
0.0453 
0.1493 
0.2384 
0.2930 
0.0699 
0.1685 
0.2025 
0.3240 
0.0656 
0.1369 
0.1626 
0.3560 
0.0579 
0.1047 
0.0796 
0.41 70 
0.0332 

(0.0464) 

Sun 

(9) 

0.0403 
0.1603 

0.4535 
0.5428 

0.6353 
0.6131 

0.5764 
0.5040 

0.4977 
0.392 1 

0.2603 
(0.1729) 



3 I f (1) 
s(m, 1) 
Cohort 3 
Cohort 4 

4 2 f(2) 
s(m, 2) 
Cohort 4 
(Cohort 5) 

f (1) 
dm,  I )  
Cohort 4 
(Cohort 5) 

(d) 1950-1 954 
0.0298 0.0289 
0.0000 0.02 10 
0.0000 0.0006 
0.0298 0.0283 

NO@: i = cohort index; j = age range of the age-specific fertility rates being split; k = measure of ears before the census; m = index value 
indicating the location of cohorts nth respect to the a r groupings of the age-spcc~fic fertility rates; (1{/~(2) = ratio of the agespecific fertility 
rate for women aged 15-19 to that for women aged 20-M.k 

for an. f (l)/f (2) of 0.2. The required value can be 1966, m is 2 and f (l)/f (2) is 0.2524, so the interpola- 
found by linear interpolation, as shown below: tion factor is 0.524; and s(m ,2) is obtained as 

Note that the interpolation factor. 0.372. is simvly the = 0.24 1. 
value off (l)/f (2),*0.2372, less the lower bound 6f the 
interval, 0.2, and divided by the width of the interval, 
0.1. It is thus simple to calculate by moving the decimal 
point off (l)/f (2) one place to the right and taking only 
the decimal part of the resulting number. The portion of 
the fertility rate belonging to the youngest female census 
cohort considered is then found by multiplying this rate 
by the separation factor; for 1969, the resulting portion 
of f ( l ,  1969) to be cumulated into F(l) is 
(0.718)(0.0480), or 0.0345. The remainder, 0.0135, is the 
portion off (1,1969) contributed by the second census 
cohort (aged 20-24), and it is recorded for later cumula- 
tion. In the case of the first cohort, all its childbearing 
has occurred during the five years immediately preced- 
ing the census, so its cumulated fertility at the end of 
1%9, F(1). is just the sum of all the portions belonging 
to the cohort for the years from I965 through 1969: 

This sum appears in column (9) of table 26, part (a). 
The complementary portions of each rate are also 
cumulated; and their sum, 0.1909, is recorded in column 
(9) for later use. 

The same process is then repeated using the fertility 
rates for the next age group, 20-24. Separation factors 
are again obtained from table 20, on the basis of the 
values of m and of the observed f (l)/f (2). Thus, for 

The portion of f(2, 1966) contributed by the cohort 
aged 20-24 at the time of the census (cohort 2) is thus 
f (2, 1%6)(0.241), or 0.0468; its complement, 0.1473, has 
been contributed by the third cohort (aged 25-29 in 
1970). The total contribution of cohort 2 to the fertility 
rates for age group 20-24 during the period 1965-1969 is 
then found by adding the estimated contributions for 
each year of the period, giving 0.4629; the complement 
of this quantity, 0.5452, is the contribution of cohort 3. 
Both values are recorded in column (9). 

It is now possible to calculate the fertility accumu- 
lated by the cohort aged 20-24 in 1970 during the five 
years preceding the census. It is the sum of the cohort's 
contribution to the age-specific fertility rates for those 
aged 15- 19 (0.1909) and its contribution to the rates for 
those aged 20-24 (0.4629). This sum, 0.6538, is not yet an 
estimate of the total cumulated fertility for the cohort, 
since it does not include the cohort's childbearing 
experience during the period from 6 to 10 years before 
the census: the missing estimates are calculated in pan 
(b) of table 26. 

Similar calculations are carried out for the age- 
specific fertility rates for women aged 25-29 and 30-34 
registered during the period 1965-1969, each rate being 
divided up by cohort contribution and the portions 
attributable to each cohort being cumulated over the 
five years. The portion of the rates for those aged 30-34 



TABLE 27. CONTRIBUTIONSTOCOHORT FERTILITY. BY AGE GROUP AND FIVE-YEAR PERIOD. 

THAILAND. 1950-1969 

Parity 
equivalent. F ( i )  

that is contributed by women aged 35-39 at the time of 
the census is not needed in this application, but it has 
been calculated for the sake of completeness. The calcu- 
lations in parts (a) and (b) of table 26 have in fact been 
extended to cover all the childbearing experience of 
cohorts aged 35-49 in 1970, mainly because these esti- 
mates are used later in subsection B.6. 

Once the calculations for the five years immediately 
preceding the 1970 census have been completed, the 
same procedure is applied for each of the years of the 
period 1960-1964. The results are shown in part (b) of 
table 26. Note how the fertility rates for the oldest age 
group are excluded. Strictly speaking, only those for the 
first three age groups need to be included, since the old- 
est cohort considered, those aged 30-34 in 1970, was 
aged under 30 in 1965. Once the rates for the period 
from 6 to 10 years (1960-1964) before the census have 
been split and cumulated, the same procedure is applied 
to the rates for the period from 11 to 15 years before (it 
need only be applied to the first two age-specific fertility 
rates) as shown in part (c) of table 26 and to those for the 
period from 16 to 20 years before (for only the first age- 

\ specific rate) as shown in part (d) of the same table. 
The final parity equivalents, F(i), can now be 

obtained by summing the portions contributed by each 
cohort for each five-year period. To avoid errors, such 
portions can be copied from column (9) of table 26 
(labelled "sum") and arranged in columns by cohort, 
age group of the fertility rates from which the contribu- 
tion came and period to which the rates refer, as shown 
in table 27. Cumulation of the entries in each column 
leads to the desired F(i) values. 

It is worth taking note that table 27 may reveal other 
interesting features of the registration data. Consider, for 
example, the set of contributions to cohort fertility of the 
period fertility rates for age group 15-19; the diagonals 
show the change in such contributions through time. 
Reading from right to left, it is clear that these contribu- 
tions have been increasing, indicating either rising fertil- 
ity among this age group or improving registration of 
their births. Given the assumptions on which this esti- 
mation method is based, the former situation will not 

affect a final estimate of completeness of birth registra- 
tion, but the latter will, and the estimates of complete- 
ness obtained in such circumstances will be averages of 
recent levels. 

Step 5: estimation of completeness of birth registration. 
For each cohort, the completeness of birth registration is 
estimated as the ratio of the parity equivalent, F(i), cal- 
culated from registered births to reported average parity, 
P ( i ) ,  as obtained from the census. Table 28 shows the 
results. 

The estimates of completeness of registration of births 
for women aged 20-24,25-29 and 30-34 are moderately 
consistent, suggesting an average level of completeness 
of around 74 per cent. The estimate for women aged 
15-19 is very low, however, and the other estimates rise 

TABLE 28. E r n M l r m  OF COMPLETENESS OF BIRTH REGISTRATION. 
THAILAND. 1969 

with age of woman. It seems likely that registration of 
births is substantially less complete among very young 
women and that this differential also reduces the com- 
pleteness estimate derived from the reports of women 
aged 20-24. The estimates of completeness based on the 
reports of women aged 25-29 and 30-34 are affected 
relatively little by the excess omission at early ages, so 
that in this case a better estimate of average complete- 
ness of birth registration would be an average of 0.741 
and 0.772, the final estimate therefore being 0.757. 
Hence, an estimate of fertility for 1969 could be 
obtained by inflating .the registered age-specific fertility 
rates for that year by a factor of 1.0/0.757, or 1.321. I t  
should be noted, however, that the adjusted fertility 
schedule might not be a good indicator of the age pat- 



tern of childbearing, because of the relatively higher 
omission of births by young women. 

The results presented in table 28 do not suggest that 
birth registration completeness has been changing, so 
the adjustment factor of 1.32 1 can also be applied to the 
observed age-specific fertility rates for years preceding 
1969. However, because the contributions of fertility 
rates registered before 1960 to cumulated cohort fertility 
are small, the estimated adjustment factor cannot be 
validly applied to the fertility rates registered before 
1960. Although not observed in the case of Thailand, 
evidence of a trend towards more complete registration, 
such as a tendency for the estimates of completeness 
to decline with age, should warn against adjusting 
registered births for particular years. 

6. Comparison of the cohort fertility registered 
betwen nu0 censuses with cohort parity increments 

(a) Basis of method and its rationale 
When information on average parity from two cen- 

suses (or surveys) is available in such a way that cohort 
parity increments can be calculated (see subsection B.4) 
and age-specific fertility rates can be calculated from 
registered births for the intersurvey period, a more 
specific version of the method described in the previous 
section can be applied. The change in parity of a cohort 
as it ages from one census or survey to the next is a 
measure of the childbearing experience of the cohort 
during the interval. An equivalent measure can be cal- 
culated from registered births by splitting the fertility 
rates registered during the interval by cohort and cumu- 
lating the contributions of each cohort. The ratio of 
cumulated cohort fertility d;lring the interval estimated 
from period rates, such as those calculated from 
registered births, to the cohort change in average parity 
from the beginning to the end of the interval provides a 
measure of completeness of birth registration specific 
both to a cohort and to a time period. The main assump- 
tions made in the previous section in order to adjust 
period fertility on the basis of cumulated cohort fertility 
from the beginning of childbearing, namely, that regis- 
tration completeness be constant both by age of mother 
and by period, are no longer required. On the other 
hand, parity increments are very sensitive to changes in 
the completeness of reporting of children ever born, as a 
result of which the estimates of registration complete- 
ness obtained by the method described in this section are 
also quite sensitive to such changes, which are generally 
most marked for older women. 

(b) Data required 
The data required for this method are described 

below: 

( a )  Children ever born classified by five-year age 
group of mother for two points in time, five or 10 years 
apart; 

( b )  Registered births classified by five-year age group 
of mother for each calendar year of the period between 
the two surveys; 

( c )  The total number of women in each age group at 
the beginning and end of the period, or enough informa- 
tion to estimate the mid-year female population by five- 
year age group for each year for which birth registration 
data are available. 

(c) Computationalprocedure 
The steps of the computational procedure are given 

below. 
Step 1: calculation of reported average parities for the 

fist and second surveys. Average parities obtained from 
the first survey are denoted by P ( i ,  I) and those 
obtained from the second by P ( i ,  2). In both cases, they 
are computed by dividing the reported number of chil- 
dren ever born to women in age group i by the total 
number of women in age group i .  See, however, the 
discussion in subsection A.2 concerning the treatment 
of women whose parity is not stated and the possible ap- 
plication of the El-Badry correction (described in 
annex 11). 

Step 2: calculation of cohort parity increments. For each 
cohort of women of age group i at the second census or 
survey, the average parity of the same cohort at the first 
survey can be identified. Then, the cohort parity incre- 
ment, AP(i), can be calculated as 

where n is the number of five-year periods between the 
two surveys. 

Step 3: estinwtion of mid-year female population by age 
group for each year of the intersurvey period. The pro- 
cedure to be followed is exactly the same as that 
described in step 2 of subsection B.5(c). Its description is 
not repeated here. 

Step 4: calculation of age-specific fertility rates from 
registered birlhs for each year of the intersurvev period 
Again, the procedure is exactly the same as that 
described in step 3 of subsection B.5 (c). Its description 
is omitted here. 

Step 5: calculation of intersurvey increments in cohort 
fertility from registered births. In essence, the calculation 
of intersurvey increments in cohort fertility, denoted by 
AF(i), is very similar to the calculation of lifetime 
cohort parity equivalents from period rates. Each age- 
specific fertility rate for a given year of the intersurvey 
period (taken to be exactly five or 10 years in length) is 
split into two portions, according to the cohort structure 
of the age group to which the rate refers during the 
given calendar year; one portion is the period contribu- 
tion to the fertility increment of one cohort and the other 
is the contribution to the fertility increment of the next 
cohort. The main differences between this procedure 
and that described in step 4 of subsection B.5 (c) is that 
here all calculations are limited to the intersurvey 
period, and all cohorts of reproductive age at the time of 
the second survey are considered. The splitting of age- 
specific fertility rates is camed out using the separation 



factors in table 20; the general definition of the cohort  TABLE^^. RE~RTEDAVERAGEPARITIES. 1960 AND 1970: ANDCOHORT 

fertility increments is PARITY INCREMENTS DURING THE INTERCENSAL PERIOD. THAILAND 

+(1-s(m,k -I))f(k-1,h)] (B. 19) 

where AF(i) = parity increment for cohort i at the 
second survey; 

n = number of five-year periods in the 
intersurvey interval; 

s(m, k )  = separation factor from table 20 
required for age group k ,  where 
k = (i -n + j ) ;  

f (k, h )  = age-specific fertility rate for age group 
k in year h, where h = 50'-n - l)+m 
years before the second survey 
(assumed to have taken place at the 
end of a year). 

equation (B.18) is 2. Thus, the parity increment for a 
cohort in age group i at the second survey is calculated 
by subtracting from the average parity of women of age 
group i at the second survey, P(i ,  2). the average parity 
of the same cohort 10 years earlier, P(i -2, 1). For 
example, for the cohort aged 25-29 in 1970, 

The parity increments are shown in column (4) of The detailed example given below illustrates the way in table 29. which this equation is used in practice. 
Step 6: estimation of completeness of birth registration. Step 3: estimation of mid-year female population by age 

Estimates of the completeness of birth registration for group for each year of the intersurvey period Most of the 

the offspring of cohort i during the intersurvey period. required estimates have already been made in step 2 of 
subsection B.5 (d), the results being shown in table 24. are obtained by dividing the fertility increment, W i ) ,  Since the procedure to estimate the remaining estimated for the the parity increment* 1, populations is exactly the same as that used there, it is of the same cohort. If the estimates for different cohorts 

are consistent, the intersurvey births classified by age not illustrated again. 

group can be inflated by an average of the AP(i)/AF(i) of ageges~cific ferriliV rates from 
ratios and adjusted age-specific fertility rates can be 'egisrered births for each W of the intersurwy period 
obtained by dividing the inflated number of births by an of the required rates have already been 
estimate of the female person-years lived in each age calculated in step 3 of subsection B.S (d) and all the 
group over the intercensal period. required rates are shown in table 25. Although the raw 

data needed to calculate some of these rates have not 
been presented, the calculation procedure is identical to 

(d) A derailed example that illustrated in subsection B.5 (d) and is not repeated 
The detailed example is again for Thailand, since data here. 

on children ever born are available both for 1960 and Slrp 5: calculation of interSurwy incnmnts in cohort 
for 1970. Average parities for each census have already fertiliV from births. In this example, the 
been presented in table 17 and annual age-specific fertil- starting-point of lhe is the beginning of 1960 
 it^ for the intercensal period can be found in and the final point is the end of 1969. Fertility rates for 
25. However* some the raw data necessary for the the intervening decade have already been calculated 
culation of the latter rates are not presented. The steps and split by cohorts identified at the end of 1969 in 
fullOwed in the to lhis are 26, parts (a) and (b). The cohort fertility increments, 
given below. denoted by AF(i), can therefore be obtained simply by 

Step 1: calcuIaion of ~p0rted average parities for the cumulating the portions of the observed age-specific fer- 
fist and second J'umYs- The method of calculating aver- tility rates attributable to each cohort. Table 30 shows 
age parities has been described in step 1 of subsection these portions arranged by cohort and five-year period 
B.4 (c) and is not repeated here; the P(i ,  t )  values for (they were copied from column (9) of table 26, parts (a) 
1960 and 1970 are shown in columns (2) and (3) of table and (b), labelled "Sum"). Table 30 also shows the sum, 
29. Note that the average parities are taken as referring AJ'(i), of the portions corresponding to each cohort. The 
to the year-end nearest to the census dates, in this case to process of splitting fertility rates by cohort is exactly the 
the Qd of 1959 and the end of 1969, respectively (the same as that used in subsection B.5 (c) (step 4) to con- 
exact census dates can be found in table 22). struct table 26, so it is not described again in detail. 

Step 2: calculation of cohort parity increments. As the However, in order to enable the reader to grasp the 
intersurvey interval in this case is 10 years, the n in nature of the cumulation carried out in this case, one 
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TABLE 30. CONTRIBUTIONSOF PERIOD FERTILITY TO INTERSURVEY COHORT FERTILITY BY FIVE-YEAR PERIOD 
AND ESTIMATED INTERSURVEY INCREMENTS IN COHORT FERTILITY. THAILAND. 1960- 1969 

I n h x  
i 
m 
I 
2 
3 
4 
5 
6 
7 

Cauwion I0 & 
/i"iIiry fm gr-j 

1960-1w -- IW5-IW9 

j-i-2 j-i- I J-i-I j-i 
(3) - (4) (3 -- (6) 

0.0532 
0.0403 0.1909 0.4629 

0.1603 0.4535 0.5452 0.5910 
0.5428 0.6353 0.6189 0.5430 
0.6131 0.5764 0.5 195 0.4452 
0.5040 0.4977 0.4272 0.2380 
0.391 1 0.2603 0.2020 0.0702 

may consider the case of the cohort aged 30-34 at the 
end of 1969. At the beginning of 1960, this cohort was 
aged 20-24, and therefore all the annual fertility rates for 
age group 20-24 during the period 1960-1964 contrib- 
uted a portion to the intercensal fertility of this cohort 
(the exact amount contributed by each rate is found in 
pan (b) of table 26, in the panel corresponding to f (2) 
and the line labelled "Cohort 4". When the annual con- 
tributions of the f (2) rates are summed over the period 
1960-1964, their total contribution to the intersurvey fer- 
tility. of the cohort aged 30-34 at the end of 1969 is 
0.5428. In a similar way, the total contribution of the 
f (3) rates (those for age group 25-29) from 1960 to 1964 
is 0.6353 of a child, and that of the same rates from 1965 
to 1 9 9  is 0.6189 of a child. Lastly, the total contribution 
of the annual f (4) rates (for age group 30-34) during the 
period 1965-1969 is 0.5430 of a child. Hence, the total 
increment in intersurvey or intercensal fertility for the 
cohort aged 30-34 at the end of 1969 is 2.3400 births per 
woman. 

Step 6: estirnafion of the ~Mpleeness of birth registra- 
tion. Cohort-specific estimates of the completeness of 
birth registration between 1960 and 1969 can now be 
obtained by calculating the ratios of AF(i) to AP(i). 
Results are shown in table 31. Note that the estimates for 
the cohorts aged 15-19 and 20-24 are the same as those 
obtained in subsection B,5(d) (table 28) where they were 

TABLE 3 1. ESTIMATES OF COMPLETENESS OF BIRTH REGISTRATION. 
THAILAND. 1960- 1969 

based on the lifetime, rather than the intersurvey, esti- 
mates of cohort fertility. This outcome was to be 
expected because all the childbearing of these two 

cohorts is assumed to have taken place during the period 
1960-1969, so that their lifetime and intersurvey fertility 
estimates are identical. 

Two features of the results require some comment, 
namely, the low estimates of completeness for women 
under 25 and the relative consistency of the estimates for 
the central age range (25-44). 

In interpreting the results of this method, it is impor- 
tant to bear in mind its assumptions. It has been 
assumed that the reporting of children ever born is com- 
plete at both censuses. However, ~f there is a tendency 
among older women to omit children ever born, cohort 
parity increments will be reduced and the estimates of 
registration completeness will be increased. A relatively 
minor deterioration of the completeness of parity report- 
ing by all cohorts from one census to the next will pro- 
duce estimates of completeness that increase with age. In 
a similar way, a relative amelioration of the com- 
pleteness of parity reporting will lead to completeness 
estimates that decrease with age. 

The second assumption made is that parity increments 
are unaffected by migration and mortality. If low-parity 
women are more likely to migrate than those of higher 
parities, areas of in-migration are likely to display 
reduced parity increments, and vice versa. If low-parity 
women are more likely to die than high-parity women, 
parity increments will be inflated. In the case of Thai- 
land, neither of these two effects is likely to be impor- 
tant, since both international migration and mortality 
are low. 

Another assumption of importance is that the denom- 
inators used are accurate. Age-reporting errors that are 
not the same when a birth is registered as when the 
population is enumerated will distort the pattern of 
period age-specific fertility rates. The rather wide varia- 
tions exhibited by the age-specific growth rates given in 
table 23 suggest that there are problems with age- 
reporting, but their effects on the final estimates of com- 
pleteness are very hard to predict. Denominators may 
also be distorted by changes in the completeness of 
enumeration from one census to the next; in the case of 
Thailand, the 1970 overall census count is about 5 per 
cent less complete than that yielded by the 1960 census; 
although the former count was adjusted for this change, 
differential completeness of enumeration by age group 



might still affect the results. Changes in enumeration 
completeness might also affect average parities; if 
women with children are more likely to be enumerated 
than women without, average parities will be inflated by 
omission. 

However, none of these considerations explains ade- 
quately the low estimates of completeness obtained for 
the cohorts aged 15- 19 and, to a lesser extent, those aged 
20-24. Of course, the procedure used to split the period 
fertility rates is not perfect and it is most likely to be 
inaccurate at 15-19, but possible methodological inaccu- 
racy cannot explain the large differential observed. 
Furthermore, since average parities were calculated 
without making any adjustment for non-response, they 
are more likely to be too small than too large. Hence, on 
the basis of this evidence alone, it would appear that 
birth registration is really less complete for young moth- 
ers than for the older group. Yet, those familiar with the 
data from Thailand and with the typical errors affecting 
age-reporting in East Asian countries may suggest 
another explanation for the outcome observed. It is cus- 
tomary in East Asian cultures to reckon age as of con- 
ception rather than as of birth. Therefore, when a ques- 
tion on age is posed (as during the 1960 census) the 
reports collected tend to reflect age as of the next birth- 
day rather than age at the last birthday, as is normally 
expected. To avoid such misreporting problems, date of 
birth should be requested instead of age (as was done 
during the 1970 census). Because age is also the item 
recorded in the vital registration system, the direct inter- 
censal comparison of average parity as reported in the 
1960 and 1970 censuses with that reconstructed from 
vital registration is likely to yield biased results because 
of the change in the age-recording scheme. Further- 
more, younger cohorts are those most likely to suffer 
from such biases, since age reported as of next birthday 
would make them lose-syst~matically some of theh 
high-fertility members. In this context, at least part of 
the low completeness estimates observed for the cohorts 
aged 15-19 and 20-24 at the time of the 1910 census may 
be due to non-comparable age-reporting schemes in the 
different data-collection systems producing the data 
used as input. It must be noted, however, that even when 
such deficiencies in the basic data are taken into account 
and some adjustment is performed to eliminate the 
biases they imply, the low completeness estimates asso- 
ciated with younger mothers persist, albeit at a some- 
what lower level than that shown in this example. 

C. ESTIMATION OF AGE-SPECIFIC FERTILITY FROM 
THE INCREMENT OF COHORT PARITIES BETWEEN 
TWO SURVEYS 

I. h i s  of method and its rationale 

Data on children ever born tabulated by standard 
five-year age group of women for a single census or sur- 
vey convey much information about the past fertility 
experience of the women. Unfortunately, however, if 
fertility has been changing, it is not possible to use the 
average parities of women in different age groups to 

obtain estimates of the age patterns of either cohort or 
period fertility. 

Yet, if information on children ever born is available 
from two surveys approximately five or 10 years apart, 
the change in the average number of children ever borne 
by a particular cohort of women reflects their intercensal 
fertility; and it becomes possible to estimate an intercen- 
sal age-specific fertility schedule. ~ r r e t x ~  developed a 
method for using such information with a 10-year inter- 
val between the surveys; Coale and Trussell recently 
developed an elegant method based on the concept of 
the hypothetical cohort for using such information with 
an interval of five or 10 years between the surveys. The 
latter method is relatively simple and a variant of it is 
described here, illustrated by cases with such intervals. 

The general warning given in subsection A.2 about 
the use of information on children ever born in estimat- 
ing fertility should be kept in mind in this instance. 
There is a distinct tendency, even in countries with qth- 
envise reasonably good data, for older women to omit 
some of their children, perhaps those who have died or 
those who have left home. As a result, average parities 
often fail to increase at a plausible rate, or may even 
decrease after age 35 or 40. The calculation of age- 
specific fertility rqtes from parities that suffer from such 
a degree of omission will result in underestimates of the 
fertility of older women; and if the error is relatively 
minor, its effects may not be obvious. Thus, fertility esti- 
mates based on average parities of older women must be 
interpreted with caution, particularly if they indicate low 
fertility in relation to that estimated from the reports of 
younger women. Average parities for a hypothetical 
cohort are in fact very sensitive to changes in parity 
reporting from one survey to the other, and the calcula- 
tion of such parities provides a useful consistency check 
of the raw data. 

The method based on the increment of cohort parities 
between two surveys estimates the average age-specific 
fertility rates in effect during the intersurvey period by 
constructing the average parities of a hypothetical, inter- 
survey cohort; a cumulated fertility schedule is then 
derived from these parities by interpolation, and age- 
specific fertility rates are obtained from cumulated fer- 
tili ty by successive subtraction. 

The method is intended for situations in which it is 
possible to calculate average parities by age group of 
women for two points in time approximately five or 10 
years apart. If the interval between the surveys is five 
years, ihe women in any five-year age g o u p  at the 
second survey represent the survivors of the women in 
the next younger five-year age group at the first survey. 
The difference in the average parity of the cohort 
between the first and the second surveys reflects its 
childbearing experience between the two surveys, if it is 
assumed that the women who died or migrated between 
the two surveys had, on average, lifetime fertility that 

Carmen Arretx, "Fertility estimates derived from information on 
children ever born using data from censuses". Inrer~rionol Population 
Conference. Lkge. 1973 (Liege. International Union for the Scienlitic 
Study of Population. 1973). vol. 2, pp. 247-261. 



was not systematically different from that of the native 
women who remained. By cumulating the intersurvey 
parity increments, it is possible to estimate average pari- 
ties for a hypothetical cohort experiencing throughout 
its hypothetical lifetime the age-specific fertility rates in 
effect during the intersurvey period. If the length of this 
period is 10 years, a five-year age group at the second 
survey represents the survivors of the five-year age group 
who were two groups younger at the first survey; and it 
is still possible to calculate the cohort parity increment 
for each cohort in order to construct the average parities 
of a hypothetical intersurvey cohort. The method may 
be applied when the data come entirely or partially from 
nationally representative sample surveys, for although 
cohorts of particular individuals will not be identical on 
each occasion, their average parities will be representa- 
tive of those of the sampled female population. 

It is worth noting that although the strength of the 
intercensal parity evolution method is its robustness to 
changing fertility, the technique presented here can also 
be used to estimate age-specific fertility rates using par- 
ity data from only one census or survey when fertility 
has not been changing during the reproductive life spans 
of the women concerned. It may also be mentioned that 
the two data sets need not refer to two points exactly five 
or 10 years apart. Unless fertility is changing-very 
rapidly, a four-year interval or an 11-year interval will 
provide reasonable estimates. In such a case, one is no 
longer following a cohort from survey to survey, but this 
factor is not very important because the average parity 
of an Bge group will not change rapidly from one year to 
the next. 

A final general observation is that if the required 
information is available, the El-Badry correction pro- 
cedure to estimate the level of non-response, described 
in annex 11, should be applied when calculating average 
parities by age group. For a further discussion of the 
treatment of women whose parity is not stated, see sub- 
section A.2. 

2. Fertility estimation from the increment of 
cohortparities between nu0 surveys 

(a) Data required 
The data required for this method are described 

below: 

( a )  Children ever born classified by five-year age 
group of mother for two points in time approximately 
five or 10 years apart; 

( b )  Number of women aged 15-49, classified by five- 
year age group for the same two points in time. 

(b) ComputationaIprocedure 
The computational procedure is slightly different if 

the intersurvey period is five years than if it is 10 years in 
length. However, the only difference occurs in step 2, 
where the average parities of the hypothetical cohort are 
derived. Therefore, two versions of step 2 are described 

here: step 2A to be used with a five-year interval; and 
step 2B to be used with a 10-year interval. All other 
steps are described once. 

Step I :  calcu/ation of average parities for both surveys. 
The observed average parities from the first survey are 
denoted by P(i , I ) and those from the second survey by 
P ( i ,  2). where i = 1 indicates age group 15-19; i = 2 the 
20-24 age group; and so on. In both cases, the average 
parities are computed by dividing the reported number 
of children ever born to women in age group i by the 
total number of women in age group i .  See, however, 
the discussion in subsection A.2 concerning the treat- 
ment of women whose parity is not stated and the possi- 
ble application of the El-Badry correction (annex 11). 

Step 2A: ca/cu/ation of average parities for a hypothetical 
cohort: jiw-year intersurwy period. The survivors of 
cohort i at the first survey belong to age group i + 1 at 
the second survey; and the parity increment for the. 
cohort, denoted by AP(i +I), is equal to the average 
parity of the cohort at the second survey minus that at 
the first survey. That is, 

Such parity increments are calculated for values of i 
from I to 6; the value of AP(I), corresponding to i = 0, 
may also be calculated from equation (C.1). with 
P(0. I), the average parity at the first survey of women 
aged 10-14, being taken as equal to zero; this is 
equivalent, of course, to taking @ ( I )  as being directly 
equal to P ( 1,2). 

Once the cohort parity increments have been obtained 
from equation (C.1). the average parities for the 
hypothetical cohort are obtained by successive summa- 
tion.of the increments. Thus, on the basis of intersurvey 
fertility, the parity of women in age group I .  denoted by 
P(1, s ), is equal to AP(1). or, as it may also be written, 
P(1.2); the parity of women in age group 2 is equal to 
the intersurvey parity for age group I plus the intersur- 
vey parity increment for age group 2 at the second sur- 
vey; this increment is AP(2), so 

In general terms, one may write: 

Step 2B: ca/cu/ation of average parities for a hyphetical 
cohort: 10-year intersurwy period. In  this case, the sur- 
vivors of the initial cohort of age group i at the time of 
the first survey will be the women in age group i +2  at 
the time of the second survey, and the hypothetical- 
cohort parities are obtained by the cumulation of two 
parallel sequences of cohort parity increments. The par- 
ity increments are obtained by subtracting from the 
average parity of women of age group i +2 at the 



second survey the average parity of the women of age 
group i at the first survey. Thus, 

mation of cumulated fertility from observed parities was 
obtained by fitting a third-order polynomial to succes- 
sive average parities. It has the form: 

for i = 1, ..., 5. (C.3) 

AP(1) and AP(2) are simply put equal to P(1,2) and 
P(2,2), respectively (this procedure will distort the 
results slightly when fertility is changing very rapidly). 
Hypothetical-cohort parities for even-numbered age 
groups are obtained by summing the parity increments 
for even-numbered age groups, whereas those for odd- 
numbered age groups are obtained by summing parity 
increments for odd-numbered age groups. Thus, for 
even numbers, 

and 

whereas 

and 

where P(i,  s )  is the hypothetical average parity for age 
group i . 

Step 3: inreplation between the hypothetical-cohort par- 
ities to estimate cumulated fertility. Average parities for 
the hypothetical cohort calculated in the previous step 
can be used to estimate cumulated fertility up to the 
exact ages of interest. The process of estimation fol- 
lowed is directly linked to that used in subsection B.2 (c) 
to estimate average parities from observed cumulated 
fertility. Indeed, it can be said that this process is just 
the inverse of that described in subsection B.2 (c), since 
the problem now is to go from average parities to cumu- 
lated fertility, while the PIF estimation method yields 
estimates of average parities from cumulated fertility. 

One interpolati~n-procedure described in subsection 
B.2 (c) fitted a second-order polynomial to sections of 
the cumulated fertility schedule and average parities 
were computed by integrating this polynomial over the 
desired age range. Hence, average parities can be 
approximated by integrals of polynomials whose 
coefficients define the shape of the cumulated fertility 
schedule, thus providing a means of estimating a value 
of this schedule at any exrict age within the fitting range. 
Following this principle, an expression allowing the esti- 

for i = 1, ..., 5. (C. 1 1) 

where +(i, s )  is fertility cumulated up to the upper limit 
of age group i . 

When the performance of this estimating equation 
was tested by using the Coale-Trussell model fertility 
schedules, it was found that it did not perform very satis- 
factorily at the upper extreme of the fertile period. 
Therefore, an empirically derived correction was intro- 
duced to estimate $46,~). resulting in the following 
equation: 

+0.2869P(7, s) +0.2018+(4, s ). (C. 12) 

Unfortunately, no satisfactory correction was found 
for estimating +(7,s) based on polynomial fits. Yet, 
since fertility rates are usually very low at ages 45 and 
older, it is recommended that +(7,s) be estimated 
directly from the observed P(7, s )  by using the following 
equation: 

+(7, s )=  1.007P(7, s). (C. 13) 

Step 4: calculation of intersurvey age-specific fertility 
mtes. Intersurvey age-specific fertility rates, f (i, s), are 
calculated by subtracting the cumulated fertility to the 
lower boundary of age group i from that to the upper 
boundary of the same group and dividing the difference 
by five. Thus, in general: 

Note thatcumulated fertility to age 15, which is denoted 
by +(O, s), is generally assumed to be zero. 

Step 5: calculation of total fertility and the birth rate. 
The estimated total fertility for the intersurvey period is 
equal to +(7, s). To obtain an estimate of the birth rate, 
the mid-period female population classified by five-year 
age group and the mid-period total population are 
required. Both can be obtained by averaging, when cen- 
suses are available for the beginning and the end of the 
period. Then, the births occurring at the middle of the 
intersurvey period can be found by multiplying the 
estimated mid-period female population by the relevant 
intersurvey age-specific fertility rates and summing over 
all age groups. The birth rate is then obtained by divid- 
ing the total number of births by the mid-period popula- 
tion. However, when adequately spaced censuses are 
not available, the calculation of an acceptable mid- 
period population may not be possible. In such a case, 
birth-rate estimates may be obtained independently for 
the first and second surveys using the intersurvey age- 
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specific fertility rates obtained in step 4 and their aver- 
age may be used as an estimate of the intersurvey birth 
rate. 

(c) Detailed examples 
Information on children ever born classified by age of 

mother is available from the 1960 and 1970 censuses of 
Thailand and from a large sample survey conducted in 
1975. The 10-year cohort parity increment procedure 
may be applied between 1960 and 1970, and the five- 
year method between 1970 and 1975. The basic data are 
shown in table 32. 

First to be considered are the calculations in the case 
of the 10-year interval in order to retain historical order. 

Step I :  calculation of average parities for both surveys. 
Average parities are obtained by dividing the number of 
children ever born, classified by age group of women 
(shown in columns (4) and (6) of table 32 for 1960 and 
1970, respectively), by the total number of women in 
each age group (shown in columns (3) and (5) of table 
32 for 1960 and 1970, respectively). Results are shown in 
table 33; but, as an example, the average parity of 
women aged 25-29 in 1960 is obtained as 

Values of U ( i )  for all age groups are shown in column 
(5) of table 33. Note that for age groups 1 and 2, the 
parity increment is taken as being equal to the observed 
parities for age groups 1 and 2 at the time of the second 
census. 

Once the cohort parity increments have been calcu- 
lated, the average parities for hypothetical cohorts are 
obtained by summation, as shown in equations (C.4)- 
(C.lO). The average parities for even-numbered age 
groups are obtained by summing even-numbered cohort 
parity increments; thus, to calculate P(4, s ), using equa- 
tion (C.5). 

P(4, s)= AP(2)+AP(4) 

P(3, 1)= 2,402,581 /1,046,464 For odd-numbered age groups, average parities for a 
hypothetical cohort are obtained by summing odd- 

= 2.2959. numbered cohort parity increments; thus, to calculate 
P(5, s ), using equation (C.9), 

Step 2B: calculation of average parities for a hypothetical 
cohort: 10-year intersurvey. Using equation (C.3). cohort P(5,s)= AP(l)+AP(3)+AP(5) 
parity increments are calculated by subtracting from 
each recorded parity in 1970 the parity of the = 0.1309 +2.3373 +2.7860 
corresponding cohort, 10 years younger, in 1960. Thus, 
in the case of age group 30-34 in 1970, = 5.2542. 

TABLE 33. AVERAGE PARITIES FOR 1960 AND 1970. COHORT PARITY INCREMENTS AND 
AVERAGE PARIT lES FOR THE INTERSURVEY HYPOTHETICAL COHORT, THAILAND 



Column (6) of table 33 shows the hypotheticalcohort 
average parities for the period 1960- 1970. 

Step 3: interpolation betwen the hypothetical-cohort par- 
ities to estimate cumulated fertility. Using equations 
(C. l 1)-(C. 13). cumulated fertility is estimated from the 
average parities obtained in step 2. It is assumed that 
g(0, s ) = 0.0, so that for i = 1 : 

For other values of i ,  previously estimated g values are 
used as input in equation (C.ll). For example: 

+(3, s )= 0.9283(2.4682) +0.4547(3.9505) - 

When i = 6, equation (C.12) is used, as shown below: 

446, s ) = 0.0209(3.9505) -0.557q5.2542) + 
1.0478(6.0890) +0.2869(6.3903) +0.20 18(4.6498) 

= 6.3056. 

and 

Column (5) of table 34 shows the complete set off (i, s) 
values. 

Step 5: calculation of total fertility and the birth rate. 
Total fertility estimated for the intersurvey period is 
immediately available, being equal to $47, s), or in this 
case 6.44. An approximate estimate of the birth rate can 
be obtained by estimating the mid-period female popu- 
lation of each age group by adding the 1960 and 1970 
populations and dividing by two, then estimating an 
average number of annual births by multiplying the 
female population by the age-specific fertility rate 
shown in table 34, summing the births for all age groups 
of women, and dividing the total by the average of the 
1960 and 1970 total populations. This method can be 
used because censuses are the sources of the basic data. 
As an example, the average female population for age 
group 25-29, N(3, s), is found as 

Lastly, for i = 7, N(3, s ) =  (N(3, l)+N(3,2))/2.0 
+(7, s ) = 1.007(6.3903) = 6.4350 

= (1,046,464 + 1,143,377)/2.0 
Column (4) of table 34 displays all the g(i, s )  values.. 

= 1,094,92 1. 
Step 4: calculation of intersurvey age-specijic fertility 

mtes. Following equation (C. 14), age-specific fertility 
rates are obtained from the cumulated fertility values, 
g(i,s), by finding the difference between successive 
values of +(i, s )  and dividing the difference by five to 
obtain an annual rate; g(1,s) is cumulated fertility by 
age 20, so 

but thereafter, 

f (i, s )=  (+(is s)-g(i -1, s))/5. 

The annual number of births to women in this age group 
is then found by multiplying by the estimated f (3, s). 
So, if the number of births to age group i is denoted by 
B(i, s), 

Repeating these steps for other values of i and summing 
over all i values produces a total number of births of 
1,355,416; given that the total population in 1960 was 
26,257,916 and in 1970 it was 34,397,374, the average 
mid-period population is 30,327,645, and the birth rate 
b can be estimated as 

To give two examples: b = 1,355,416/30,327,645 = 0.0447. 

f (1, s ) =  0.4291/5= 0.0858 As a commentary on the results obtained, it may be 

TABLE 34. AVERAGE PARITIES FOR THE HYPOTHETICAL COHORT. ESTIMATED SCHEDULE OF 
CUMULATED FERTILITY AND AGE-SPECIFIC FERTILITY RATES. THAILAND. 1960- 1970 

by& 
fmrhry mre 

fli. s) 
(5) 

0.0858 
0.2491 
0.3 124 
0.2826 
0.2227 
0.1084 
0.0259 



noted that the hypothetical-cohort average parities are 
higher than either of the observed values, confirming the 
fact that the hypotheticalcohort parities are very sensi- 
tive to changes in the level of fertility. However, they 
are also very vulnerable to error, especially to errors that 
affect one of the observed sets of average parities more 
than the other. Yet, when the estimated age-specific fer- 
tility rates derived from the hypothetical-cohort parities 
are compared with those obtained from births registered 
in Thailand during the intercensal period and adjusted 
for level as described in subsection B.4 (d) (the figures 
shown in column (6) of table 34 were copied from table 
19). the similarity is reassuring, although differences for 
the first two and the last age groups are fairly marked. 

In general, whenever the additional data required 
exist, the procedure outlined in subsection B.4 (c) for 
comparing cumulated intersurvey fertility rates with 
hypothetical-cohort average parities is to be preferred to 

the method described here, since the former method is 
less sensitive to the omission of children ever born from 
the reports of older women. 

Next to be discussed is the case of the five-year inter- 
val. As steps I, 3 and 4 are identical to those just 
described, merely the results obtained are given; step 
2A, however, is described in detail. 

Step I :  calculation of average p i t i es  for both surwys. 
Columns (3) and (4) of table 35 show the average pari- 
ties for 1970 and 1975, respectively. 

Step 2A: calculation of average parities for a hypothetical 
cohort: fiw-year intermrvey period. Following equation 
(C.1). cohort parity increments are calculated by sub- 
tracting from each recorded parity in 1975 the parity of 
the corresponding cohort, five years younger, in 1970. 
Thus, in the case of age group 30-34 in 1975, 

TABLE 35. AVERAGE PARITIES FOR 1970 AND 1975. COHORT PARITY INCREMENTS AND 
HY WTHETICALSOHORT AVERAGE PARITIES. THAILAND 

Values of AP(i ) for all cases are shown in column (5) of 
table 35. I t  should be noted that AP(1) is put equal to 
P(1.2). 

Average parities for hypothetical cohorts are obtained 
by cumulating successive cohort parity increments. 
According to equation (C.2), 

TABLE 36. HYPOTHETICALCOHORT AVERAGE PARITIES, ESTIMATED 
SCHEDULE OF CUMULATED FERTILITY AND AGE-SPECIFIC FERTILITY 
RATES. THAILAND. 1970-1975 

Thus. P(4.s) is obtained by summing the values of 6 4.5446 4.7686 0.0990 
AP(i ) from 1 to 4: 7 4.9357 4.9702 0.0403 

P(4,s)= AP(I)+AP(2)+AP(3)+AP(4) assumed to eaual zero. In other cases. the av~lication is 

- Other values are obtained in a similar fashion, and the 
complete set of average parities for the hypothetical 
cohort is shown in column (6) of table 35. Note that in 
the case of a five-year intersurvey interval, there is only 
one chain of summation. 

Step 3: interpolation between the hypohetical-cohort par- 
ities to estimate cumulated fertility. As in the case of a 
10-year interval, cumulated fertility is estimated by 
using equations (C. l 1)-(C. 13). When i = 1, +(O, s ) is 

straightfonva;d. The complete set of +(i, s jistimates is 
shown in column (4) of table 36. 

Step 4: calculation of intersurvey age-.rpcific fertility 
rates. Age-specific fertility rates are obtained by sub- 
tracting fertility cumulated to the lower boundary of 
each age group from that cumulated to the upper 
boundary and dividing the result by five. as shown in 
equation (C. 14). For example, 



Column (5) of table 36 shows the full set of intersurvey than schedules by age, making the method more robust 
fertility rates f (i , s). to recent changes in marriage patterns. 

Step 5: CalcuIation of total fertility and the birth rate. 
Total fertility is equal to the value ofphi(7, s), that is, 
4.97. It is more difficult in this case to estimate the birth 
rate, since the 1975 population comes from a sample 
survey, and the mid-period population cannot be 
obtained by averaging the 1970 and 1975 populations. 
However, an approximate estimate of the birth rate dur- 
ing the period between the surveys can be obtained by 
calculating the birth rates for 1970 and for 1975 implied 
by the intersurvey fertility rates and averaging them. 
The births in 1970 (not an estimate of the true number 
of births in 1970, but rather the number of births that 
would have occured in 1970 given the intersurvey fertil- 
ity schedule) are obtained by summing the products of 
the enumerated female population appearing in column 
(5) of table 32 and the estimated age-specific fertility 
rates given in column (5) of table 36; then the birth rate 
is found by dividing this sum by the total 1970 popula- 
tion. The total births are 1,141,687, and the total 
enumerated population is 34,397,374, so the estimated 
birth rate is 0.0332. The births for 1975 are estimated by 
summing the products of the 1975 female population 
(column (7) of table 32) and the estimated fertility rates 
(column (5) of table 36) to give 7,959 births; since the 
total survey population in 1975 was 230,060, the 
estimated birth rate is 0.0346. Therefore, an estimate of 
the intersurvey birth rate is obtained by averaging these 
two, giving a final value of 0.0339. 

To conclude, it may be mentioned that whereas 
between 1960 and 1970 every average parity for the 
hypothetical cohort was higher than the recorded pari- 
ties for the beginning-point and end-point, between 1970 
and 1975 the hypotheticalcohort average parities were 
lower than the parities recorded for the beginning-point 
or end point. The suitability of this method for 
situations in which fertility is changing is thus clearly 
demonstrated; it must be remembered, however, that the 
results will be seriously distorted if children ever born 
tend to be omitted from the reports provided by their 
mothers or if the extent of such omission changes from 
one survey to the next. 

D. ESTIMATION OF FERTILITY FROM INFORMATION 
ON CHILDREN EVER BORN CLASSIFIED BY DURA- 
TION OF MARRIAGE 

1. h i s  of methodr and their rationale 
Most of the methods proposed for estimating fertility 

schedules from data on children ever born are not robust 
to the presence of substantial age-misreporting. If in a 
given population there is less distortion in the reporting 
of marriage duration than in the reporting of age, a 
method that estimates fertility schedules by using data 

Coale, Hill and ~russell" propose one such method of 
estimation, which is called here the "PIP* ratio 
method". Its applicability is, however, somewhat lim- 
ited by the fact that it can only be used in populations in 
which there is and has been very little voluntary control 
of fertility and in which only a small proportion of all 
births occurs outside marriage. On the other hand, this 
method does not require an essentially unchanging age 
at mamage. 

The underlying rationale for the procedure can be 
stated simply. The age pattern of natural fertility, 
defined as marital fertility in the absence of voluntary 
fertility control," is very similar in different populations, 
although their levels of fertility may differ. Moreover, 
natural fertility does not vary much from the beginning 
of reproductive maturity (around age 20) until the early 
thirties, when a fairly steep decline begins, Therefore, 
populations that marry early and do not practise volun- 
tary fertility control have rather similar patterns (though 
not necessarily similar levels) of fertility by duration of 
mamage. Hence, except for a scale factor, the sequence 
of average parities by duration of marriage among 
different populations subject to natural fertility should 
be similar. It should be possible, therefore, to compare 
the reported sequence of average parities (for durations 
of marriage under 5 years, of 5-9 years and of 10-14 
years) with a standard embodying the natural fertility 
pattern and, thus, to determine the level of natural fertil- 
ity in the population in question. Marital fertility could 
then be estimated as equal to standard natural fertility 
multiplied by the estimated level in the population in 
question, and an estimate of the overall fertility schedule 
could be obtained as the product of the proportion mar- 
ried and the estimated marital fertility for each age 
group. In practice, in selecting a standard natural fer- 
tility schedule, some allowance is made for the 
population's distribution by age of entry into marriage 
and the effect this distribution has through known, 
though small, variations of natural fertility with age. 

When using this method, a problem arises as to which 
women to consider. The standard schedule of average 
parity by duration of mamage, P*(i), refers only to 
women who are still in their first union. Thus, when 
estimating the level at which natural fertility is experi- 
enced, only reports of women still in their first union 
should be used. Of course, the estimate of fertility 
obtained from this type of data would not refer to all 
currently married women. Besides, fertility data are not 
commonly tabulated according to these specifications 
(for women still in their first union separately from the 
rest). Therefore, it is often necessary to use an alterna- 
tive type of data. The average parities for currently 
married women by time elapsed since first union, 

on children ever born classifidd by duration of m&iage 
Ansle J. Coale, Allan G. Hill and T. James Trussell. "A new may yield better estimates than a method based method o r  estimating standard fertilit measures from incomplete 

on data classified by age. An additional advantage of a data", P O ~ U X ~ ~ O ~ I  I& VOI. ( I .  NO. 2 (Xpnl 1 9 7 1 ~  pp. 182-212. 
duration-based method derives from the fact that fertil- I '  Louis Hen , "Some data on natural fertility". Eugenics Quarterly, 
ity schedules by duration of marriage are more uniform VOI. XIII .  NO. 2 z u n e  I%]), pp. 81-91. 



regardless of the number of unions, provides such an 
alternative. Use of these data makes it possible to esti- 
mate the level of natural fertility experienced by all 
currently mamed women, but the effect of "dead time" 
between unions will affect the ratios of the observed 
average parities by duration groups, P(i), to the 
corresponding parities derived from the standard, P *(i ). 
These ratios are denoted by R(i ), where i determines 
the duration of mamage group, 1 denoting duration 
group 0-4, 2 duration group 5-9 and so on. The "dead 
time" effect will increase with mamage duration, since 
the probability of marital dissolution, at least through 
widowhood, increases with the time elapsed since first 
union, while the rapidity of remamage may decrease. If 
mamages are fairly stable, however, this effect (a tend- 
ency for the R(i) ratios to decline with i )  will be small; 
and the use of data for all currently married women is 
probably the best option if they are available. The third 
possibility is to-use average parities for ever-married 
women. In this case, the problem of "dead time" 
between or afler unions will be more serious, and the 
tendency for the R(i) ratios to decline with i will be 
more marked. The use of a level (or adjustment factor) 
of natural fertility based on the first three duration 
groups to estimate the fertility of ever-married women of 
all age groups will overestimate the fertility of the older 
age groups. where the proportion currently married is 
lower. This third possibility should not be used unless 
the data are only tabulated for ever-married women. In 
cases of this type, however, although parity information 
may only be available for ever-married women, the data 
on marital status may show currently married women 
classified by five-year age group. Then the expected 
biases in the final estimates of age-specific fertility rates 
may be minimized by a combination of two strategies: 
selecting an adjustment factor for natural fertility on the 
basis of the first three duration groups; and using the 
observed proportions of currently married women to 
weight the adjusted natural fertility schedule. 

As in the case of the method that used data on chil- 
dren ever born classified by age, the different adjustment 
factors obtained by evaluating the ratios of the observed 
over the expected parities corresponding to a given 
duration group should be approximately equal for the 
different duration groups. Large differences between 
the ratios corresponding to different duration groups 
reveal either that the assumptions are not satisfied (for 
example, the population is not subject to natural fertil- 
ity) or that the data may be affected by substantial 
misreporting. 
, Because the P IP * method is applicable only to popu- 

lations in which there is little practice of voluntary birth 
control and in which childbearing by women not 
currently mamed is infrequent, it should not be used (at 
least not without major ad hoc adjustments) for parts of 
Africa and Latin America where several forms of 
cohabitation other than recognized marriage are pre- 
valent and where a significant proportion of all births 
are illegitimate. 

Furthermore, this method is not applicable without 

modification to populations, such as that of India, in 
which many mamages occur before the age of 
menarche and where there is no close relation between 
the age at marriage and the age at which exposure to the 
risk of conception begins. In some Muslim populations 
to which this method is potentially applicable (with 
natural fertility and very little illegitimacy), the date of 
marriage for many couples precedes the beginning of 
cohabitation. As a result, the observed average parities 
by duration of mamage are lower than would be 
expected, especially during the first five-year duration 
interval, in which the proportion of childless women is 
higher than would be expected in a population not 
practising contraception. A procedure for adjusting esti- 
mates of fertility to allow for the effects of delay in co- 
habitation afler marriage is described by Coale, Hill 
and ~mssell . '~ 

The converse problem is that in countries bhere con- 
sensual unions form a sizeable proportion of all unions, 
the duration of mamage reported may be that of the 
current union or the time elapsed since the beginning of 
the first stable union, rather than that elapsed since the 
first union. In such cases, the average parity for each 
duration group, and for the first group in particular, will 
be too high. A procedure for estimating the average 
extent of any non-correspondence between reported 
duration of marriage and apparent duration of cohabita- 
tion from the proportions of women with at least one 
child in duration groups 1 and 2 is also described by 
Coale, Hill and ~ m s s e ~ ~ . "  

None of the adjustment procedures that may be 
applied to the basic data before using the P l P  * method 
are described in this Man&. The main reason for this 
omission is that most of today's populations are unlikely 
to be subject to natural fertility within marriage and to 
lack, at the same time, acceptable information on the 
pattern of marital fertility they experience. - - -  

If data allowing the estimation of the pattern of mari- 
tal fertility are available in the form of births occurring 
during a given year classified by the mother's duration 
of mamage, another method, analogous to that 
described in subsection B.2, can be used to compare 
period fertility rates with reported average parities and 
to adjust the level of the former rates by that of the 
latter. Once again the cumulated period fertility rates 
will refer to the end-point of each duration group and 
will therefore not be strictly comparable to average pari- 
ties, but parity equivalents, G(i), may be obtained by 
interpolating between consecutive cumulated fertility 
values. lndeed, the interpolation process will be much 
more satisfactory than in the case of data classified by 
age, since the cumulated duration-specific fertility 
schedule is likely to be more regular than the cumulated 
age-specific fertility schedule. Furthermore, this method 
will be less affected by changing age at mamage than 
will the method based on data classified by age; and it 
does not require that marital fertility follow the pattern 

I* A. J. Coale. A. G. Hill and T. J. T russell, lor. cit. 
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of natural fertility. This method is called the "PIG 
method". 

However, the PIG method is not immune to the 
effects of errors frequently present in the basic data. 
Two types of errors are common: 

( a )  Women with no children are incorrectly recorded 
as being among those whose parity is not stated. The 
presence of this type of error is revealed by a sharp 
decline in the proportion of women of unknown parity 
with increasing age or duration of marriage, paralleling 
the genuine decline of the proportion of childless 
women. If the cases classified as "parity unknown" are 
omitted from the calculations, average parity 
is overestimated, particularly at duration 0-4, whereas if 
all such women are assigned a parity of zero, average 
parity is underestimated: EI -~adry '~  proposed a method 
of adjustment, described in annex 11; 

'(b j Misstatement of the time elapsed since first union 
(duration of marriage). This error biases the values of 
average parity in two duration intervals (both the true 
interval and that to which the woman is mistakenly 
assigned), because the transfer of women from one 
interval to another is usually selective with respect to 
their parity. For example, the women who falsely report 
a duration of first mamage as 5-9 years rather than 0-4 
very probably belong near the upper boundary of the 
lower interval and are of generally higher parity than 
the average for their true interval but of lower parity 
than the average for the interval in which they are 
reported. An upward transfer-an overstatement of 
duration-thus introduces a downward bias in the 
recorded average parity 'for both duration groups. Simi- 
larly, a downward transfer is likely to inflate the 
recorded average parity for both, and some mixture of 
these two types of transfer will tend to reduce the 
differential in average parity between the two duration 
groups. 

Errors in stated duration of marriage are analogous to 
errors of reference period in the reporting of events dur- 
ing a fixed interval, such as the past year, and to mis- 
statements of age or of a child's date of birth. The 
extent and direction of the bias probably depend upon 
the wording of the question by which duration is ascer- 
tained, as well as upon the education of the enumerator 
and respondent, and upon the general cultural context. 
It is not clear which way of collecting data on 
duration-a question on date of first mamage, time 
elapsed since first marriage or age at first mamage-is 
best, but the first method seems likely to be least affected 
by rounding errors. 

Lastly, when data on current fertility and parity infor- 
mation are obtained from different sources it is impor- 
tant to verify that duration of marriage is measured in 
the same way in both. If, for example, the first source 
records duration of current marriage while the second 
measures time elapsed since first marriage, the basic 

I4 M. A. El-Badry, "~ailure of enumeraton to make entries of zero: 
errors in recording childless cases in ulation censuses". Journal of 
the American Sfafistiaol Association, vo!?f6, No. 296 (December 1961 ). 
pp. 909-924. 

data would be incompatible and should not be used as 
input for the P /G method. 

2. Estimation of level of natural fertility from reported 
pan' t'y by duration of tnurriage 

(a) Data required 
The data listed below are required for this method: 
( a )  A value of ao, the earliest age at which a 

significant number of marriages take place; 
(b) The female population classified by five-year age 

group and marital status (single, married, widowed and 
divorced); 

(C ) The number of children ever born classified by the 
duration of first marriage and current marital status of 
their mothers; 

(d) The total population. 

(b) Computational procedure 
The steps of the computational procedure are given 

below. 
Step 1: calculation of reported average parities by dura- 

tion of mammamage. In the calculation of the reported aver- 
age parities, P(i), the index i refers to the different 
duration groups. Thus, i = l indicates duration group 
0-4; i = 2, duration group 5-9; and i = 3, duration group 
10-14. P(i)  is defined as the ratio of the number of chil- 
dren ever born to currently mamed women in duration 
group i to the number of currently married women 
belonging to the same group. If data for currently mar- 
ried women are not available, data for ever-married 
women may be used. However, as stated above, use of 
the latter data may introduce some undesirable biases 
(see subsection D.1). Furthermore, if the proportion of 
currently married (or ever-married) women whose parity 
was not stated is non-trivial, the question arises as to the 
way in which these cases should be treated. For guide- 
lines about the treatment of women whose parity is not 
stated, refer to subsection A.2 and annex 11 (El-Badry's 
correction). 

Step 2: calculation of the female singulate mean age at 
marriage. The female singulate mean age at mamage, 
S U M ,  is calculated from the proportions single, 
classified by age group, as described in detail in annex I. 

Step 3: calculation of expected average parities by hra- 
tion of -age. To calculate the expected average pari- 
ties, P*(i), one needs an estimate of the female singulate 
mean age at mamage, obtained in step 2, and an esti- 
mate of the youngest age at which a significant number 
of women marry, denoted by ao. As a rule, a0 is not 
known exactly; but it can be guessed with fair accuracy 
from what is known about the population being studied. 
Its values generally fall within the range from 12 to 15 
years. Therefore, if early marriages are known to take 
place in the given population, a0 can be chosen to have 
a value of 12 or 13. For a population in which early 
marriages are not common, a value of 14 or even 15 
may be appropriate for a@ 

Expected average parities by duration of marriage are 
obtained from table 37, beginning with a round value of 



TABLE 37. EXPECTED AVERAGE PARITIES FOR SELECTED VALUESOF THE YOUNGEST AGE AT WHICH A SIGNIFICANT NUMBER OF WOMEN MARRY ANDOF 

THE FEMALE SINGULATE MEAN AGE AT MARRIAGE WHEN MARITAL FERTILITY IS EXPERIENCED AT THE LEVEL INDICATED I N  TABLE 38 

Awrage p'c* P0(i). for sinsu/ole mean age I!.-'* e+ lo: 

18 19 20 21 22 23 24 25 26 27 

- (4) (-0 (6) (7) (8) !!! 0 0 )  -. (11) 0 2 )  -- - .. (1 J/ 

1.072 1.090 1.097 1.097 1.091 1.080 1.066 1.050 1.032 1.012 
3.338 3.337 3.316 3.279 3.230 3.171 3.106 3.036 2.963 2.888 
5.500 5.445 5.364 5.261 5.141 5.009 4.868 4.722 4.575 4.427 

1.097 1 . 1  13 1.1 19 1 . 1  17 1.109 1.097 1.081 1.063 1.043 1.021 
3.385 3.381 3.357 3.318 3.266 3.205 3.136 3.062 2.984 2.904 
5.555 5.501 5.419 5.315 5.192 5.054 4.907 4.754 4.598 4.442 

1.120 1.135 1.138 1.134 1.125 1 . 1  1 1  1.093 1.074 1.052 1.029 
3.424 3.417 3.392 3.351 3.298 3.234 3.163 3.085 3.004 2.920 
5.601 5.548 5.467 5.362 5.237 5.097 4.944 4.784 4.621 4.456 
1.140 1.152 1.154 1.148 1.137 1.122 1.104 1.083 1.060 1.036 
3.455 3.446 3.419 3.377 3.324 3.260 3.187 3.107 3.022 2.935 
5.638 5.585 5.505 5.402' 5.278 5.137 4.981 4.816 4.644 4.472 

ao, and then estimating P*(l), P*(2) and P1(3) by inter- 
polation between columns, using the observed value of 
the female singulate mean age at marriage. 

Step 4: selection of an adjutment factor. To select the 
adjustment factor, K, the values of R(i) are calculated 
as the ratios of the reported parities to the expected pari- 
ties for each duration group i .  Thus, 

The R(i) values thus indicate the level of the reported 
average parities in relation to the level of the expected 
parities based on a natural fertility schedule. Three 
values of R ( i  ) are computed in each case, one for each 
of the duration categories under consideration. Ideally, 
all three values should be similar; and if they are, an 
average of the three may be selected as a final adjust- 
ment factor, K, to allow for the level of natural fertility 
in the population being studied. When the values of 
R(i) are not similar or show a clear increasing and 
decreasing trend with i ,  the method in its simplest form 
should not be used. In such a case, it may be necessary 
to correct the original data by using some of the pro- 
cedures mentioned in subsection D. 1. 

Step 5: calculation of odjusted age-specifi marital fertil- 
iry schedule. Once an adjustment factor, K, has been 
successfully identified, an adjusted age-specific marital 
fertility schedule, g(j), for the population in question 

TABLE 38. AOE-SECIFIC MARmAL FERTILITY RATES WHEN NATURAL 
FERTILITY I S  EXPERIENCED AT THE STANDARD LEVEL 

20-24 ................................ 
25-29 ................................ 
30-34 ................................ 
35-39 ................................ 
4-44 ................................ 
45-49 ................................ 
Total marital 

fertility ......................... 

is calculated by multiplying the model natural fertility 
schedule appearing in table 38 by the adjustment 
factor K. 

Step 6: calculation of adjusted age-specific fertility 
schedule. The adjusted age-specific marital fertility 
schedule estimated in step 5 may be transformed into an 
adjusted age-specific fertility schedule, f (j), referring to 
the entire female population (and not just to those 
currently mamed), under the assumption that all child- 
bearing occurs within marriage, by multiplying each 
marital fertility rate, gu), by the proportion of currently 
mamed women in the age group being considered. The 
sum of the age-specific fertility rates, f u), thus 
obtained, multiplied by five, provides an estimate of 
total fertility. 

Step 7: calculation of aajusted birth rate. An adjusted 
birth rate is obtained by adding the products of the 
estimated age-specific marital fertility schedule obtained 
in step 5 and the number of currently married women in 
different age groups and dividing this total (which is an 
estimate of the total number of births) by the total popu- 
lation. 

(c) A &tailed example 
Tables 39 and 40 show data obtained from the 1976 

census of Egypt. Because the incidence of illegitimate 
births is very low in the Egyptian population and 
because there is little evidence substantiating the 
existence of a fertility decline within marriage, the 
method described below may be used to estimate age- 
specific fertility rates. 

The steps of the computational procedure are given 
below. 

Step I: calculation of reported average parities by dura- 

 TABLE^^. CHILDREN EVER BORN AND EVER-MARRIED WOMEN. BY TIME 
ELAPSED SINCE FIRST MARRIAGE. EGYPT. 1976 



TABLE 40. NEVER-MARRIED WOMEN AND TOTAL NUMBER OF WOMEN. BY AGE GROUP, EGYPT, 1976 

N m  w a d  
*lr I d x  Inadd 

i MII 
rbd- w 4 H d  
4- *I*IYI 

57' (2) (3) (4) (5) (6) - 
15-19 I 1 540 388 1 849 952 0.8327 0.1617 ................................ 
20-24 ................................ 2 605 528 1 556 231 0.3891 0.5899 
25-29 3 190214 1 359 752 0.1399 ................................ 0.8268 
30.34 4 76 995 1 088 690 0.0707 0.8774 ................................ 
35-39 5 48 737 1 027 457 0.0474 0.8756 ................................ 
40-44 6 46 062 944 083 0.0488 0.8096 ................................ 
45-49 7 28 491 736 495 0.0387 0.768 1 ................................ 
5054 8 33 259 739 863 0.0450 0.62 17 ................................ 

tion of marriage. The values of the reported average par- TABLE 42. CALCULATION OF EXPECTED AVERAGE PARITIES 

ities, P(i), are obtained by dividing each of the entries in BY DURATION GROUP. EGYPT. 1976 

column (4) of table 39 (number of children ever born) alem&?plcy, Pyih *kn: 

by the corresponding entries in column (3) of that table s+ sw- 
(number of women ever married in each duration -o)) 

-*a -*a 
l k  mmtqris21 ImWiagelrP 

L Z  
group). Column (3) of table 41 shows the final set of 7 i 0 =0.26 1-0-0.74 

(2) (3) (4) (5) 
parities. As an example, P(2) is calculated here: M .......... I 1.134 1.125 1.127 

5-9 2 3.351 3.298 3.312 .......... 
P(2)= 2,615,104/l,l21,552= 2.3317. 10-14 ........ 3 5.362 5.237 5.270 

 TABLE^^. REPORTED AND EXPECTED AVERAGE PARITIES. BY DURATION 
OF MARRIAGE EGYPT 1976 the singulate mean ages at mamage that are equal to 

integer numbers of years, the two singulate mean ages 
m w ~ m  that bracket the observed value identify the P*(i ) values 
57 m between which interpolation is to be performed. In this 
0 4  .................................. 1 0.772 1.127 0.69 case, the ages are 21 and 22. Hence, the interpolation 
5-9 .................................. 2 2.332 3.312 factor 8 is calculated as follows: 0.70 
1614 ................................ 3 3.624 5.270 0.69 

e= (22-21.74)/(22 -2 l)= 0.26. 
It should be noted that in this case data for ever- 

married women are used because the data for children This interpolation factor is then used to weight adja- 
ever born by duration of marriage were not tabulated by Cent e x ~ c t e d  parities. that 
current marital status. 

Step 2: calculation of female singulate mean age at mar- P*(i)= 8P*21(i)+(l-8)P*22(i). 
riage. The singulate mean age at mamage for females is 
calculated from the proportion of females single in each The final s t  of expected P*(i) values is shown in 
age group, as is explained in annex I. The proportions column (5) of table 42. 
single are shown in column (5) of table 40. They are Step 4: SCiCCtiOn qf d j t ( ~ m ~ n t  f ~ t o r .  An adjm- 
calculated by dividing the entries in column (3) by those merit factor, K, is selected from the values of 
listed in column (4) of that table. AS an example, the ~ ( i  ) = P( i ) /P  *(j), the ratios between the reported and 
propmion single in age group 30-34, denoted by U(4), the estimated parities at each duration interval. The I 

is calculated below: values of R(i) are shown in column (5) of table 41. 
They are clearly very consistent. Their trend does not 

U(4) = 76,995 / 1,088,690 = 0.0707. invalidate the hypothesis made above about the similar- 
ity between the actual pattern of marital fertility in 

Following the procedure described in detail in annex 1. Egypt and that of natural fertility. Although recent evi- 
with RN = U(7), the value of the singulate mean age at dence has shown that in the large urban centers of Egypt 
mamage for females is calculated to be 2 1.74 years. (Cairo and Alexandria) womell are limiting their fertility 

Step 3: calculation of expcted average parities by dura- by the use of contraceptives, their relative weight in the 
tion of marriage. Female marriage is known to take entire population and the recency of such practices do i 
place somewhat late in Egypt, so a.  was assumed to be not seem to have affected the overall picture to a i 
14. The expected average parities. P*( i ) ,  are obtained significant degree. In addition, the consistency of the 
by interpolating between the values shown in table 37, observed R(i) ratios does not suggest that the effect of 
given .ne assumed value of a.  and the estimated value of delayed cohabitation is of importance. However, 
the singulate mean age at marriage. Table 42 illustrates because the combined biases due to delayed cohabita- 
the way in which this interpolation is carried out. For a tion and to the adoption of fertility control may also 
desription of the linear interpolation procedure, see produce the pattern seen in the R(i) ratios, their impr-  
annex IV. Since the values for ao= 14 are only given for tance cannot be adequately assessed on the basis of 
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these results. Other information is needed to make a 
definitive statement about fertility in the country as a 
whole. But, continuing with this example, the choice of 
the mean of the observed R ( i )  values as adjustment fac- 
tor K is appropriate. Thus, 

Step 5: calculation of adjusted age-specijc marital fertil- 
ity schedule. In this step, an adjusted age-specific marital 
fertility schedule, gu), is calculated by multiplying each 
entry of the schedule given in table 38 by the adjustment 
factor K calculated in the previous step. The resulting 
set of g(j) values is shown in column (3) of table 43. As 
an example, g(5 )  is 

Step 6: calculation of adjusted age-specific fertility 
schedule. The marital age-specific fertility schedule 
shown in column (3) of table 43 can be transformed into 
an age-specific fertility schedule referring to all women, 
f (j), by multiplying each of the estimated marital fertil- 
ity rates by the proportion of currently married women 
in the corresponding age group. These proportions, 

 TABLE^^. ADJUSTED MARITAL FERTILITY AND ESTIMATED AGE-SPECIFIC 
FERTlLlTY RATES AND NUMBER OF BIRTHS. EGYPT. 1976 

shown in column (6) of table 40, were obtained from a 
tabulation showing the female population classified by 
marital status and by age. In this step, the proportions 
currently married are used instead of the proportions of 
ever-married women in order to minimize the biases due 
to the fact that ever-married women have not, in gen- 
eral. 'been continuwsly in the married state. Thus, the 
estimated age-specific fertility rates appearing in column 
(4) of table 43 are obtained as is illustrated below in the 
case off (3): 

group were to experience the estimated marital fertility 
rates, g u ) ,  shown in table 43 and if there were no illegit- 
imate fertility can be obtained either by multiplying 
those rates by the number of currently married women 
or, alternatively, by multiplying the age-specific fertility 
rates derived in the previous step, f 0). by the total 
number of women in each age group. The resulting 
estimated numbers of births by age group are shown in 
column (5) of table 43. As an example, 

By adding the number of estimated births over all 
ages and dividing the result by the total population. in 
this case 36,626,204 persons, an estimate of the birth rate 
is obtained. Thus, 

3. Comparison of period duration-specific fertility 
rates with average parities by duration group 

(a) Dara required 
The data required for this procedure are described 

below: 
( a )  The number of children ever born, classified by 

time elapsed since first marriage of mother (five-year 
duration groups); 

( b )  The ever-married female population, classified by 
five-year duration of marriage group (duration of mar- 
riage should be measured as the time elapsed since first 
marriage); 

( c )  The births in a year, classified by the duration of 
the mother's first marriage (this information may come 
either from a survey question on births in the past year 
or date of.most recent birth, or from a vital registration 
system). 

(b) Computational procedure 
The steps of the-computational procedure are given 

below. 
Step I:  calculation of reported average parities by dura- 

tion of marriage. Average parities by duration of mar- 
riage. P ( i ) ,  are calculated by dividing the number of 
children ever born reported by women in duration of 
marriage group i by the number of women in that dura- 
tion group. It is important to make sure that a consistent 
treatment of marital status is employed: if, for example, 
the children ever born are reported by ever-married 
women, then the denominator'of the average parities 
should also be ever-married women. If children ever 
born refer only to women still in their first marriage, the 

Once age-specific fertility rates are available, total fer- denominator used should be women still in their first 
tility is estimated as five times their sum, that is, marriage, and so on. Furthermore, if the proportion of 

women in the selected marital category who did not 
TF = 5 . q  1.0320)= 5.16. state their parity is non-trivial, a question arises as to 

how to treat such cases. For guide-lines about the treat- 
Step 7: calculation of adjusted birth rate. The number of ment of women whose parity is not stated, refer to sub- 

births expected if currently married women in each age section A.2 and to annex I1 on El-Badry's correction. 



G(i)= f(i -1)+0.4I7g(i -1)+2.083g(i). (D.4)

G(i)= f(i -1)+2.917g(i)-0.417g(i + I). (D.3)

Average parities are usually available only for four or
five duration groups, that is, up to duration group 15-19
or 20-24. In order to exploit all the information avail­
able, the last or upper value of G(i) is estimated by
using the following equation:

Step 4: estimation of average parity equivalents. Aver­
age parity equivalents, G(i), are estimated by inter­
polation using the current fertility rates, g(i), and the
cumulated fertility schedule, f(i). As in the case where
data are classified by age, the estimation procedure uses
different equations, depending upon the way in which
duration of marriage has been measured. When the
source of the data is a vital registration system, recorded
marital duration is likely to be that at the time of the
birth, and the estimation equation to be used is

For subsequent duration groups. the general interpola­
tion equations proposed by Coale and Trussell in the
case of data classified by age are also used in the dura­
tion case:

G(i)= f(i - I)+3.392g(i)-O.392g(i + I) (D.6)

for i == 2, 3..... / -I. and

G(i)= f(i -1)+0.392g(i -1)+2.608g(i) (0.7)

is thus only 4.5 years; and at the beginning of it, cumu­
lated fertility equals zero. Hence, for the first duration
group, 0-4, G(i) is estimated by

G(I)= 3.137g(l)-O.324g(2). (D.5)

where the index j indicates the last duration group con­
sidered. Because fertility changes more smoothly with
marriage duration after the first two years or so than
it does with age, there is no need to resort to more
sensitive. model-based interpolation procedures. The
Coale-Trussell procedure based on the fitting of a
second-order polynomial to cumulated fertility is ade­
quate.

Step 5: comparison ofreported average parity and average
parity equivalents for duration-ofmarriage groups. When
marital fertility has remained reasonably constant. a
comparison of reported average parities with the parity
equivalents estimated on the basis of period fertility
should provide a basis for adjusting current births. Such
a comparison is carried out by calcUlating the ratios
P(i)/G(i). If these ratios are reasonably consistent by
duration group, at least for the first three or four values
of i. the average of the first three ratios can be used as
an adjustment factor for the reported number of current
births, whether the latter are classified by age or by
duration of marriage. The adjustment of births
classified by age of mother is likely to be more useful.
but it is valid only if the error in reporting births is con­
stant across duration, as well as across age groups. If
such an assumption seems tenable in a given case, births
by age of mother may be adjusted. age-specific fertility
rates can be calculated, and other measures of fertility
may be derived. (See subsection B.2 (c) and take note
that, if data on births come from a survey. the age­
specific fertility rates will have to be adjusted for the fact
that they probably refer to age groups shifted by six
months.)

In cases where it is not possible to assume that errors
in data classified by age are similar to those in data
classified by duration, or where data classified by age are
not available, the number of reported births classified by
duration can be adjusted and an adjusted marital fertil­
ity schedule. as well as an adjusted birth rate, can be
derived. The latter rate will, of course, be a valid esti­
mate only if childbearing occurs mainly within marriage
in the population in question.

(c) A detailed example
Data on children ever born and date of most recent

(0.2)f(i)== 5 [± g(i)l.
1=1

Step 2: calculation of duration-specific period fertility
rates. These rates, denoted by g(i), are calculated for
each duration group i by dividing the births reported to
have occurred during a year to women of duration
group i (the births being obtained either from a question
on date of most recent birth in a survey br from a vital
registration system) by the number of ever-married
women in duration group i. Note once again that con­
sistency should be maintained with regard to the women
covered; and if ever-married women were used in step I,
they should be used again in this step (in such a case, the
births in a year should also refer to all ever-married
women).

Step 3: calculation of cumulated fertility schedule by
duration. The duration-specific fertility rates, g(i), are
cumulated and multiplied by five in order to estimate
fertility cumulated to the upper limit of age group i ,f(i).
Thus,

When data on current fertility by duration of mar­
riage come from a survey question on births in the past
year, the recorded duration of marriage will almost cer­
tainly be that at the time of the survey and not the dura­
tion at the time of the birth; therefore, fertility rates cal­
culated from these data will refer to duration groups
shifted, on average, six months towards lower dura­
tions. Hence, a different equation to estimate parity
equivalents is needed. The parallel with the case in
which data are classified by age is obvious. However,
the two cases are not quite the same, since in the present
instance it is assumed that childbearing does not begin
until marriage, and it is also assumed that if cohabita­
tion begins with first marriage the burst of childbearing
nine months after and in the following few months com­
pensates for the period immediately following marriage
during which no births ~cur. The first duration period
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T-4.  EVE^^-WED WOMEN, CHILDREN EW!R B ~ R N  AND URTHS IN THE YEAR 
PRUXDlNO THE SURVEY. BY TIME ELAPSED 8lNCE FIRST MARRIAGE. 1976 

&&a * - 9 = 
7 f IIA na bum 

fa (8 (4) (-0 (6) 4':3 '3 
0.4 .......... I ns 858 324 1.1834 0.4469 
5-9 .......... 2 696 2 3% 317 3.4425 0.4555 
10-14 ........ 3 5% 3 214 215 5.3926 0.3607 
15-19 ........ 4 574 3 %I 167 6.9007 0.2909 
20.24 ........ 5 47 1 3 863 88 8.2017 0.1868 
25-29 ........ 6 333 3 028 28 9.093 1 0.084 1 

birth classified by time elapsed since first marriage are 
available from the fertility survey of a Muslim popula- 
tion in 1976. Table 44 shows the reported number of 
ever-married women in each duration group, the total 
number of children ever born to them and the births 
they reported as having occurred during the year 
preceding the survey. 

The steps of the computation procedure are given 
below. 

Step 1: calculation of wported mmge panpanties by dura- 
tion of -age. Children ever born, given in column (4) 
of table 44, are divided by the corresponding number of 
ever-married women, shown in column (3). The values 
for reported average parities by duration of mamage, 
P(i), thus obtained are shown in column (6). As an 
example, P(3) is calculated below: 

P(3)= 3,214/596= 5.3926. 

Step 2: calculation of dhtion-spxi# period fertility 
mtes. These rates, denoted by g(i), are calculated by 

dividing the births that occurred in the year preceding 
the survey, shown in column (5) of table 44, by the 
corresponding number of ever-married women, shown 
in column (3). The resulting marital fertility rates, g(i), 
are shown in column (7). As an example, 

Step 3: calculation of cumulated fertility schedule by 
duration. To obtain each value of the cumulated fertility 
schedule, T(i), the duration-specific fertility rates, g(i), 
are cumulated, up to and including group i, and then 
multiplied by five. Thus, for duration group 4 (15-19 
years since first marriage), the  calculation^ are 

All values of r(i) are shown in column (5) of table 45. 

Tm~e 45. CUMULATED FERTILITY SCHEDULE, PARIN EQUIVALENTS AND RATlOS OF AVERAGE PARITIES 
TO PANTY EQUIVALENTS, BY TIME EWrSED SINCE FIRST MARRIAOE. 1976 

Step 4: estimation of mmge parity equivalents. The 
data on births were obtained from fertility histories, and 
although it is possible to derive from this information 
data classified by marriage duration at the time of the 
birth, the data displayed in table 44 refer to marriage 
duration at the time of the interview. Therefore, the true 
duration groups to which the marital fertility rates, g(i), 
refer are six months younger than shown. Values of the 
current average parity equivalents, G(i), are therefore 
obtained using equations (D.5), (D.6) and (D.7). For 
i =  1: 

G(l)= 3.137g(i)-0.324g(2) 

For i equal to 2,3,4 and 5, equation (D.6) is used, so for 
duration group 3, for example, 

G(3)= r(2)+3.392g(3)-0.392g(4) 

= 4.5 120+(3.392)(0.3607) -(0.392)(0.2909) 

= 5.6215. 

For the last value of i ,  namely 6, equation (D.7) is used: 

G(6) = r(5) +0.392g(5) +2.608g(6) 

= 8.7040 +(0.392)(0.1868) +(2.608)(0.084 1) 

= 8.9%6. 

Column (6) of table 45 shows all six values of G(i). 



Step 5: c ~ ~ s m  of =ported avemge parity and average 
p i t y  equivalents for ht ion-qf-miage pups. The 
ratios P(i)IG(i) arc calculated for each duration group, 
the P(i) values being obtained from column (3) of table 
45 and the G ( i )  values coming from column (6). The 
complete set of P /G ratios is shown in column (7). The 
ratio values a n  fairly consistent, although they display 
some tendency to increase as duration increases. This 
tendency may be indicative of the fact that marital fertil- 
ity has decreased somewhat, although it is not possible 
to discard entirely the possibility of it being caused by 
errors in the data (particularly in the parity reports for 
higher duration groups). According to the P /G ratios 
for the first four duration groups, period fertility rates 
would overestimate marital fertility by about 5 per cent. 
Multiplying them by the adjustment factor K = 0.95 
would yield current fertility estimates consistent with the 
reported parities. Total marital fertility adjusted in this 
way amounts to 8.67 children per ever-mamed woman. 

I t  is of interest to mention that although the Muslim 

population in question is one in which the practice of 
delaying cohabitation after marriage may be wide- 
spread, the trend of the PIG ratios calculated on the 
basis of the data available does not appear to be affected 
by such practice. In fact, the P /G ratios are robust to 
the existence of any practice that delays or postpones 
childbearing immediately after marriage, as long as it 
affects in the same way both retrospective fertility (pari- 
ties) and period fertility (births in the past year). Biases 
are to be expected only if there have been changes in the 
prevalence of such practices in recent years or if there is 
a non-negligible incidence of pre-marital fertility in the 
population being studied. In the latter case, pre-marital 
births will increase the parities of the lower duration 
groups; but because only ever-married women are con- 
sidered, they are not likely to be adequately reflected by 
period fertility rates. Thus, if the basic data were accu- 
rate in all other respects, a non-negligible incidence of 
pre-marital fertility would result in a series of P /G 
ratios that decline as duration of marriage increases. 
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