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FOREWORD

The Population Division of the Department of Inter­
national Economic and Social Affairs of the United
Nations has been concerned with the measurement of
demographic phenomena for over 30 years. The
research programme of the Division has been designed
to improve the collection, analysis and understanding of
demographic trends and policies; and its analytical stud­
ies on mortality, fertility, urbanization and population
structure have been widely used by both Governments
and scholars.

A series of technical manuals has also been published
by the Population Division, describing methods of
demographic analysis and demographic estimates and
projections needed for the purposes of economic and so­
cial policies. These manuals deal with methods of es­
timating total population for current dates, appraising
the quality of basic data for population estimates, pro­
jecting population by sex and age, estimating basic
demographic measures from incomplete data, projecting
the economically active population, measuring internal
migration, and projecting households and families. The
most recent manuals are Manuol VIII: Methods for Pro­
jections of Urban and Rural Population l and Manual IX:
77te Methodology ofMeasuring the Impact ofFamily Plan­
ning Programmes onFertility.2

In the 19605, many Governments became increasingly
aware of the implications of the unprecedented popula­
tion trends for economic and social development and
began to consider policies designed to moderate popula­
tion growth. However, adequate demographic data,
especially in developing countries, were tacking. Recog­
nizing that there was a serious gap between the quantita­
tive information about populations and the amount and
quality of data actually available, the Population Com­
mission,at its twelfth session in 1963, recommended that
a manual be prepared on methods of estimating funda­
mental demographic measures from incomplete data,
since it was apparent that there was a need for a manual
that would make it possible for a demo­
grapherIstatistician to derive the maximum of reliable
information from data in a census or demographic sur­
vey. At the request of the United Nations, Ansley J.
Coale and Paul Demeny, with the assistance of R. D.
Esten, Erna Harm and S. B. Mukherjee, prepared
Manuol IV: Methods of &timQting Basic Demographic
Measures from Incomplete Data.3 which was published in
1967. Its importance and usefulness were quickly recog­
nized by demographers and statisticians throughout the

I United Nations publication, Sales No. E.74.XIII.3.
2 United Nations publication, Sales No. E.78.XIII.8.
3 United Nations publication, Sales No. E.67.XIII.2.
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world. Manual IVwas reprinted in 1969and 1978to ac­
commodate the many requests.
. Since the publication of ManuoIIY, a number of new

techniques for estimating fertility and mortality levels
.and trends have been developed and many of the earlier
methods have been refined. At its nineteenth session in
1977, the Population Commission recommended that
Manual IV be revised to take into account the advances
in methodology and the changes in the demographic sit­
uation in recent years.s Since such a revision was al­
ready under way through a project initiated by the Com­
mittee on Population and Demography of the Assembly
of Behavioral and Social Sciences of the National
Research Council, United States National Academy of
Sciences, it was decided that the recommendations of
the Population Commission would be best served by
joint efforts to develop the present manual.

The Committee on Population and Demography was
established in April 1977 under the Assembly of
Behavioral and Social Sciences of the National
Research Council. Funded by the United States Agency
for International Development, the Committee has un­
dertaken three major tasks: (a) to evaluate available evi­
dence and prepare estimates of levels and trends of fer­
tility and mortality in selected developing countries; (b.)
to improve the technologies for estimating fertility and
mortality when only incomplete or inadequate data exist
(including techniques of data collection); and (c) to
evaluate the factors determining the changes in birth
rates in developing countries.

The Committee approached the first task through
careful assessment, by internal and external comparison;
and through analysis, by application of the most reliable
methods known, of all the data sources available. Each
of the country studies undertaken therefore consisted of
the application of a range of methods to a number of
data sets. Best estimates of levels and recent trends were
then developed on the grounds of their consistency and
plausibility, and the robustness of the individual
methods from which they were derived. Several country
reports on levels and trends of fertility and mortality
have been published.t

The Committee's second task, refinement of metho­
dology, was seen as a by-product of achieving the first.
The application of particular methods to many different
data sets from different countries and referring to
different time periods would inevitably provide valuable
information about the practical functioning of the

.. Official Records of the Economic and Social CoUN:I/' Sixty-l«Ond
Session, Supplemelll No.4, para. 186.

S Available from the National Academy Press, 2101 Constitution
Avenue, N.W., Washington, D.C. 20418, United States of America.
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methods themselves. Particular data sets might also re­
quire the development of new methodology or the
refinement ofexisting techniques.

Manual X has its origins in the first task of the Com­
mittee on Population and Demography, but it has grown
to include the presentation of the methodological
developments resulting from the Committee's work on
its second task. When the Committee was first consider­
ing the establishment of panels to prepare country stud­
ies, it recognized that much of the valuablemethodolog­
ical work carried out in the preceding decade was widely
scattered through technical publications which were
difficult to obtain. To facilitate the panel's estimation
work, the Committee decided that it would be useful to
have a manual of the most up-to-date analytical
methods. As the work of the Committee progressed,
several new methods were developed and a number of
existing methods were refined. In view of the United
Nations work in this area, it was decided that the manu­
al, rather than being a mere tool.in the preparation of
'country. studies, should become an up-to-date com­
.prehensive demographic estimation manual to be
developed with the collaboration of the Population
Division of the Department of International Economic
and Social Affairs of the United Nations Secretariat.

The project that is the subject of this report was ap­
proved by the Governing Board of the National
Research Council, whose members are drawn from the
councils of the National Academy of Sciences, the
National Academy of Engineering and the Institute of
Medicine. The members of the Committee responsible
for the report were chosen for their special competences
and with regard for appropriate balance. The report has
been reviewed by a group other than the authors, ac­
cording to procedures approved by a committee consist­
ing ofmembers of the Academies and the Institute.
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INTRODUCTION

A. ORIGINS AND SCOPE OF Manual X

Manual X wasoriginallyconceivedas an aid to popu­
lation experts, mainly from developing countries, to
carry out the bestpossible evaluationand exploitationof
local data sources. It was also meant to serve as the
framework on which the detailed country reports
prepared by the Committeeon Population and Demog­
raphy and its panels should be based. Use of prelim­
inary sections of the Manual to carry ou~ .the
Committee'swork programme demonstrated that It IS a
useful research tool, disseminating the most recent tech­
niquesof demographicestimation. The collaboration of
the Population Division of the Department of Interna­
tional Economic and Social Affairs of the United
Nations Secretariat with the Committee on Population
and Demography assures.an even wideraudience for the
Manual, making it yet more important that usersunder­
stand something of its origins in order to be forewarned
of the limitations of the presentation.

Manual X is particularly valuable because it is the
most complete compilation to date of techniques suited
for the analysis of incomplete or defectivedemographic
data. Even in this respect, however, the Manual is not
perfect. During the past four years, the field of demo­
graphic estimation has expanded considerably, and the
task of maintaining the Manual completely up-to-date
wasbeyond the capabilitiesof its authors. Furthermore,
as new methods were proposed and tested, it frequently
became apparent that their robustness to error was not
as high as expected. Therefore, in several instances,
methodsincluded in preliminaryversions of the Manual
had to be altered. It is possible that some of the methods
included in the present version will require future
modifications to improve their performance. Thus, in
termsboth of scope and of detail, this volume cannot be
considered the last wordon demographicestimation.

The second quality of Manual X is that it is "user­
oriented". Emphasis has been given to the way in which
estimation techniques are applied. Detailed examples
are provided, and the overall tendency has been to
includetoo much detail rather than too little. This strat­
egy contrasts sharply with the practice normally fol­
lowed in papers published by professional journals,
often the only published sources of information about
recently developed methods. Obviously, those already
familiar with the methods described may consider such
a level of detail unnecessary or overwhelming. How­
ever, experience has shown that. the detail is useful for
the less sophisticated user, for whom it is essential that
no errors resulting from the faulty application of a
method be confoundedwith those already present in the
data used.

As a consequence of this user-oriented approach, a
conscious effort has been made to simplify as much as
possible the description of each method and of the
rationale underlying it. Such a strategy is certainly in
agreement with the "how to" character of the Manual,
but it reduces its theoretical significance. Therefore, the
user of Manual X will find information concerning the
available techniques, the basic hypotheses underlying
them, certain guiding principles about cases in which it
is not appropriate to use given methods, detailed exam­
ples of how to apply the techniques proposed and some
guidance as to the interpretation of the results they
yield; but even the mastery of the entire Manual will
provide the user with little insight into how new tech­
niques or alternative approaches to available techniques
can be developed. In this sense, the Manual is more a
tool than a general theory of indirect estimation. The
user who is interested in a more theoretical treatment
should consult the papers available in the demographic
literature, references to whichare provided in the text.

A further limitation of the Manual is that it deals
mainly with the estimation of fertility and mortality in
developing countries. There are other demographic
processes affecting the populations of these countries
(migration, for example) which are not treated here.
There is no theoretical reason that the techniques
described should not be applied to accurate data from
developed countries (and indeed many of them have
been, with generallyvery satisfactory results)except that
such applications are not necessary from the point of
view of evaluating the data, though they are often of
interest in evaluating the methodology itself. One area
of demographic analysis for developed countries in
which the techniques have proved useful is historical
demography, where the data cannot always be assumed
to be accurate. As long as the underlying assumptions
are more or less met, the methods presented can be
applied under any conditions, though their use may not
be necessary.

Perhaps the most serious limitation of Manual X is
that it docs not provide sufficient guidance for the
assessment of results, an aspect of analysis that is also
somewhat perfunctorily considered in the literature.
The reason for this omission is that the task of assess­
ment is extremely complex, varying widely from appli­
cation to application. Hence, it is almost impossible to
lay down general rules to perform it. This limitation is
exacerbated to some degree by the modular structure of
the Manual. Indeed, since every section is designed to .
be as self-contained as possible, most examples are
treated independently, leaving little room for the inter­
method, intertemporalor interdata comparisons that are
so illuminating in actual analysis. Because the country



studies prepared for the Committee on Population and
Demography of the National Research Council attempt
to establish coherent pictures of the demographic evolu­
tion of a population. taking into account all the relevant
data available, they provide more insights into the
assessment of results from different methods. data sets
and time periods, and into the way that sense can be
made of a variety of imperfectly consistent estimates.
Therefore. it is recommended that users of the Manual
refer to the country reports listed at the end of this
introduction as examples of how the results yielded by
the methods described herein can be used effectively in
combination rather than in isolation.

B. DEFINITION OF INDIRECT TECHNIQUES
IN DEMOGRAPHIC ESTIMATION

Demographic estimation consists of the attempt to
measure values of basic demographic parameters. such
as the birth rate. the death rate or the level of total fertil­
ity. under less than perfect conditions. These basic
parameters indicate the way in which a population will
evolve. in terms ofsize and age structure. over time.

The term "indirect" used to qualify some of the tech­
niques Used in demographic estimation has its origin in
the fact that such techniques produce estimates of a cer­
tain parameter on the basis of information that is only
indirectly related to its value. The classic example is the
use of the proportion of children dead among those ever
borne by women aged 20-24years to estimate the proba­
bility of dying before age 2. The observed proportion of
children dead is clearly related to mortality conditions,
but it is not a pure mortality measure because it is
affected by other. non-mortality parameters. In order to
transform this proportion into the desired life-table
function, the other parameters must be allowed for. gen­
erally by using procedures founded on demographic
models. Therefore. not only is the information used
"indirect". but the procedure followed. although consid­
erably simplified in practice, is by no means straightfor­
ward theoretically. The extent of indirectness varies
greatly, however, among procedures, in terms both of
the reliance on models and of the number of unwanted
factors that have to be allowed for. The term "indirect"
is therefore used to describe any estimation method that
depends upon models or uses consistency checks, or
indeed uses conventional data in an unconventional
way.

C. NEED FOR INDIRECT ESTIMATION

Traditionally, demographic estimation has been based
on data collected by censuses and by a vital registration
system. A continuous registration system usually has the
task of recording vital events (births, deaths, marriages,
divorces etc.) as they occur. When this system is coup­
led with periodic counts of the population (censuses),
the calculation of demographic parameters becomes
possible. Assuming that, both the registration of vital
events and the census counts were perfect, demographic
parameters could be calculated directly from the data
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reported and there would be no need for indirect estima­
tion. Unfortunately. however. in many countries today.
either the data-collection systems described above do
not exist or their performance is so poor that the esti­
mates obtained directly from the data they produce are
severely ftawed.

Some of the possible deficienciesof a vital registration
system, where it exists at all, may be outlined. The main
deficiency is its failure to record all vital events as they
occur. For example, it is well known that births may go
unregistered for several years. Only when the child is
ready to join the public education system, or some other
type of organization for which a birth certificate is
required. is the birth reported. In countries where a
sizeable proportion of the population has never attended
school or been in any way connected with officialorgan­
izations demanding identity certificates, many births
may never be registered. The same may be true of the
births of children who die very young; in such cases, the
parents may consider the registration of either the birth
or the death to be futile. Adult deaths are likely either
to be reported near the time of their occurrence or not at
all. In most countries, a death must be registered before
a burial permit is issued. Hence. more people may find
it necessary to report deaths soon after they occur, espe­
cially in urban areas where burial grounds are often re­
stricted to certain areas whose administrators are closely
supervised by government officials. However, the neces­
sity for a burial permit may be practically non-existent
in rural areas. where ties with the government adminis­
tration are weaker. Therefore, it is not surprising to find
that, in spite of the legal necessity of registering deaths,
many of them are never recorded. The vital registration
system may also be deficient in recording characteristics
of events, such as age at death, age of mother at a birth,
or mother's parity after a birth.

Censuses, the second component of the traditional
demographic estimation input, are also far from yielding
perfect data. They suffer mainly from two types of
error: the failure to enumerate all the members of the
relevant population (though, occasionally, some cen­
suses have also produced population overcounts) and
poor age-reporting on the part of the population can­
vassed. Differential coverage of the population by age
and sex is also very often present (young children, espe­
cially, tend to be undercounted to a greater extent than
the adult population), and its effects cannot always be
separated from those ofage misstatement.

D. EVOLUTION OF INDIRECT ESTIMATION
AND THE CONTENTS OF Manual X

Faced with the impossibility of obtaining reasonable
measures of demographic parameters directly from the
traditional data sources, demographers have developed
a set of techniques that allow their indirect estimation.
The development of these techniques has taken tWo
main courses: either the search for robust methods to
analyse data that have been collected by the traditional
systems (such as a method designed to estimate a death



rate from vital-registration data of uncertain accuracy);
or the search for questions that can be answered with
reasonable accuracy and that provide enough informa­
tion about a certain demographic phenomenon to per­
mit the indirect estimation of its level (for example, the
use of information on the incidence of orphanhood to
estimate adult mortality).

Because of their reliance upon special types of
questions, indirect methods of estimation of the second
type have come to be closely associated with sample sur­
veys. Indeed, the sample survey provides perhaps the
best means for collecting the data required for these
techniques.' .

During the first attempts to obtain estimates of demo­
graphic parameters from data gathered by sample sur­
veys, the questions tried were the straightforward queries
suggested by the traditional data sources. If a birth rate
~as to ~ estimated, the number of births occurring dur­
109 a gIVen year had to be known; hence, the question
"How many births have occurred in this household dur­
ing the past year?" was to be asked. It was soon realized
that one could do better by asking each woman of child­
bearing age in the household: "How many children
have yo~ had du~ng the past year?"; and recording her
age. With that information, age-specific fertility rates
could also be estimated. If an estimate of the death rate
was needed, a question on deaths in the household dur­
ing the year preceding the survey would be used. If a
death had occurred, recording the age and sex of the
deceased w~uld permit the estimation of age-specific
and sex-specific central mortality rates from which a life
table could be derive.d. Thus, a.complete demographic
profil~ was at hand, Just by asking two or three simple
questions.

Unfortunately, the results obtained from these surveys
did not match expectations. The death rates obtained
were almost invariably too low and the birth rates usu­
ally seemed implausible. The failure of the question on
deaths was explained by arguing that people do not like
to talk of such events; they wish to forget them. Also, it
was argued that the occurrence of a death within a
~ousehold might bring about the household's disintegra­
tion, so that the households existing at the time of the
survey would be more likely not to have experienced
~eaths of any of their adult members during the preced­
Ing year than would those which were in existence at
some time during the course of the year.

A further r~ason postulate~ for the poor performance
of these questions was the existence of a misconception
on ~e pa!l of the respondent of the length of the time
penod being alluded to. The vague expression "during
th~ p~cedin.g year" might not be interpreted by those
being Interviewed as exactly the 12 months preceding
the in~rview, but instead as a longer or shorter period,
according to cultural factors.

, For ~n in-depth analysis of the various data-collection techniques
now.. av~lable, se~. Panel on Data ColI~ction. Collecti", Data for the
E.r!tmtII,01I of F~rtll!tyand Mortality, Nallonal Research Councif Com­
mittee on. Population and Demography Report No.6 (Washington,
D.C., ~allonal Academy Press, 1981).
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. Further trials with other ways of phrasing these ques­
!Ions have shown that their performance may be
Improved to some extent by making them more specific.
For .example, the period being considered should be
specified as exactly a~ possible, preferably by quoting
da~es ~hat ~ave special relevance for the population
bel~g interviewed. Thus, when a survey is taking place
~unng the second half of November 1978, for example,
It ma~ be better to ask "How many children have you
ha~ smce I January of this year?" than "How many
children have you had since 22 November 1977?" The
first versi~n of the question does not cover a complete
year, but It would perform better than the second in a
calendar-conscious society because 22 November is not
likely to be a significant date for the respondents. The
systematic errors int~oduced by restricting the informa­
tion collected ~o penods that are shorter than a year in
!ength are easier to correct than are those arising from
incorrect responses.

Yet, although the data produced by these questions
(or by the most recent and best version available to
explore recent births-namely, "What was the date of
your.most recent birth?"-posed to all women of repro­
duc~v~ ages) are better, they are still far from perfect.
Omission and recall errors are always present to varying
degrees so that special analytical tools are necessary for
the assessment an~ correction of the basic data. Some
20 years a~o, Brass proposed a method that made possi­
ble the adjustment of the reported data on births in the
past year. This method is based on the simple idea of
comparing the declared lifetime, or cumulated, fertility
of young women (children ever born) with cumulated
period fertility obtained from a question on births in the
p~t year. Brass argued that although the number of
bl~hs reported as occurring in the year before the survey
might not be correct, the proportionate error might be
more or less constant with the mother's age, so that the
age.pattern of recent fertility could be accepted even if
the level could not. Similarly, one would expect
younger wo~en to .re~rt their lifetime fertility more
accurately, since the.lr births would have occurred fairly
rece~t1y, so th~t their level of lifetime fertility could be
considered rehable. The correction proposed by Brass
~as to a~opt the ~o most reliable parts of the informa­
tion available, taking ~he a~e pattern of fertility from the
observed number of births 10 the past year and scaling it
to match the level of fertility indicated by the lifetime
fertility reported by younger women.

That idea gav~ rise to a series of methods exploiting
the data on children ever born, obtained by asking
w~men of reproductive ages the question: "How many
children, who were born alive, have you ever had?"
These methods are presented in chapter II. As far as
possible, all of them take into account the usual
deficiencies of data on children ever born, such as the
tendency of older women to declare fewer children than
the number they have really borne. This tendency has

2 ~. Brass, "Uses of census or survey data for the estimation of vital
~tes , (E/CN.I~/<;AS.4/V57), paper prepared for the African Sem­
anaron Vital Statistics, Addis Ababa, 14-19December 1964.



been explained by arguing that older women may either
omit those children who have died or report only those
who still live with them. Omission may be minimized
by asking more specificquestions, such as: "How many
children do you have who live with you?", "How many
children do you have who live elsewhere?", and "How
many children have you had who have died?" The sum
of the responses to these questions gives the desired
number of children ever born.

A by-product of the data on children ever born gath­
ered by the set of three questions just presented is the
number of children surviving among those ever born.
The ratio of these two numbers, that is, the proportion of
the children who are still alive, has long been recognized
as an indicator of child mortality, and Brass' was the
first to suggest a method to transform these ratios (com­
puted for women in each five-year age group) into life­
table measures of mortality. Some of the variants of his
original method are presented in chapter III. They con­
stitute probably the most powerful techniques of indirect
demographic estimation, especially in view of the
difficulty in obtaining valid estimates of child mortality
from registration data where, as pointed out earlier,
deaths Qfyoung children are particularly susceptible to
omission.

In the area of adult mortality estimation, two
approaches were developed almost simultaneously. The
first was based on the possibility of gathering data that
would indirectly provide information on adult mortality.
The demographic sample survey provides an ideal
means of collecting these data, because it allows the
types of questions that are expected to provide reason­
ably reliable results to be tested without great expense.
So far, two questions have proved useful for the estima­
tion ofadult mortality. One proposed by Brass and Hill4

to estimate female mortality investigates the maternal
orphanhood status of each member of the population
("Is your mother alive?"); the other is used to estimate
male or female mortality by investigating the survival
status of the first spouse of women or men, respectively,
whohave been married at least once ("Is your first hus­
band still alive?"; "Is your first wife still alive?").
Responses to these questions have been found to exhibit
some characteristic biases. Young children whose true
mothers have died are very often living with adoptive
mothers; and the respondent to a question on survival of
mother is not likely to make the distinction when
answering, either because he or she simply does not
know about the adoption or because he or she feels that
the matter should not be reported. (Indeed, with young
children, the "respondent" is not really the respondent
at all, since most information is provided by an adult
household member.) Therefore, the true incidence of
orphanhood at younger ages is often underreported and
the adult mortality of young adult females cannot be

31biJ.
.. W. Brass and K. H. Hill, "Estimating adult mortality from orphan­

hood", IlItmfQIiortOl PopU/otion Conference, Liere. 1973 (Li~ge, Inter­
uboul Union for the Scientific Study of Popufation, 1973),vol. 3, pp.
iu-m.
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estimated with confidence. Data on widowhood, on the
other hand, is affected by remarriage. To avoid this
problem, only the survival of the first spouse should be
investigated, and the question should make this distinc­
tion as clear as possible. Furthermore, in countries
where a substantial proportion of the unions are of a
consensual type (that is, not legalized) one must make it
clear to the respondent that "spouse" and "consensual
union partner" are equivalent. When phrased properly,
this question can yield data ofgood quality. All existing
methods of adult mortality estimation based on orphan­
hood and widowhood data are discussed in chapter IV.

In the second approach to adult mortality estimation,
Brasss tried to make use of already existing data,
obtained either by a registration system or by a question
on deaths in the past year asked in a survey, on the
number of deaths classified by age and sex occurring
during a given period (usually a year) to a certain popu­
lation of known age distribution. A simple model asso­
ciating the reported age distribution of deaths with the
age distribution of the population was developed, based
on the assumption that deaths are equally underreported
at each age and that the population is stable, and was
used as a method allowing the estimation of the extent
of relative underregistration. This method and a similar
technique proposed by Preston and Coale" are presented
in chapter V.

Most of the techniques described above are applied to
data that are generally gathered by sample surveys,
though it is primarily cost factors which prevent them
from being gathered by censuses, which are, after all,
only a special type of survey. Yet, typically, censuses
have not included many of the questions necessary for
indirect estimation, in part because of the necessity of
maintaining the census questionnaires short in order not
to prejudice the overall quality of the data. Hence, it is
fairly common for censuses to establish only the age and
sex distribution of the population being counted and,
perhaps, to gather some information on household
structure, as far as demographic information is con­
cerned. Only three questions are required to fulfil this
goal: one on age; one on sex; and one exploring the
relationship of each reported household member to the
head of the household. Almost every census carried out
during the twentieth century has included questions on
age and sex, so that age distributions of the population
by sex are available for many countries for different
points in time. The development of mathematical
models relating different asPee:ts of population growth to
the observed age distribution7 has given rise to several

S William Brass, MetlJodf for &timating Fertility and Mortality from
Umited and Defective Data (Chapel Hill, North Carolina, Carolina
Population Center, Laboratories for Population Statistics, 1975).

6 Samuel H. Preston, Ansley J. Coale, James Trussell and Maxine
Weinstein, "Estimating the completeness of rep<!rting of adult deaths
in populations that are approximately stable", Population Index, vol.
46. No.2 (Summer 1980),pp. 179-202.

7 Ansley J. Coale and Paul Demeny, Reg!onal Model life Tables and
StablePojnl1ations (Princeton, New Jersey, Princeton Umversity Press,
1966); and Ansley J. Coale, 1JIe ~It. rmd Structure of Hwnan Pop­
ulations: A Mathematical Investigation {Princeton, New Jersey, Prince­
ton University Press, 1972).



techniques of estimation based on the age structure of
the population at a given time.8 These techniques often
make use of sets of mortality models or of models of age
distributions of theoretically stable populations. Such
sets are known as "model life tables" and "model stable
populations", and some of the sets available are
described in chapter I. The estimation techniques that
use them are presented in chapter VII.

Traditionally, the information yielded by a census
question on relationship to the head of the household
was not used for demographic estimation purposes. That
situation changed when Ch09 suggested a method that
uses the stated relationship to head of the household to
identify, where possible, the mother of each enumerated
child. Once the child's.mother is identified, the age of
the child and that of the mother are available; and it is
possible to compute age-specific fertility rates for each
of the 10or IS years preceding the census whenever esti­
mates of child and female adult mortality are available.
In countries where young children are not differentially
undercounted, where most young children live with their
mothers and where age-reporting is reasonably accurate,
this method yields good results. It is especially suited for
the study of the age structure of fertility-provided, of
course, that age-misreporting is not severe. Since this
method requires for its application estimates of demo­
graphic parameters that are usually obtained by
methods described in earlier chapters, it is presented in
chapter VIII.

Lastly, if a country possesses a relatively good death
registration system, it may be possible to compare its
performance with indicators of mortality provided by
successive censuses, since the difference between counts
of the same cohort at two different points in time is, in
the absence of net migration, only the result of mortal­
ity. A method that, by comparing death registration and
census counts, permits the estimation of death under­
registration and relative census completeness of
enumeration lOis presented in chapter IX.

E. USE OF Manual X

MQIIUQ/ X is intended to describe some of the more
promising techniques currently available to make
indirect estimates of demographic parameters. Each of
the techniques presented is based on a more or less
simplifiedmodel of reality, where by "model" is meant a
set of mathematical relations between relevant demo­
graphic variables. Some understanding of the model
underlying each technique is essential for its adequate
use, and to understand a model is to have a clear idea of

8 MfmIIQ/ IV: Methods of E.stimatinf Basic Demofraphic M_
1rom IncO!"Plete Data (United Nations publication, Sales No.
E.67.Xlll.2).

9 Lee-Jay Cho, "The own-children approach to fertility estimation:
an elaboration", Intemational PopuJQI,on Conference. liege. 1973
(Li~Be, Internalional Union for tile Scientific 'Study of Population,
1973), vol. 2, PI" 263-280.

10 S. Preston and K. Hill, "Estimating the coml'leteness of death
registration", Population Studies, vol. 34, No.2 (July 1980). PI'. 349­
366.
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the hypotheses or assumptions on which it is based. In
describing each technique in this MtIItMDl, the assump­
tions on which its underlying model is based are always
emphasized.

The models underlying the techniques presented often
take into account some of the flaws that are likely to be
present in actual data. For example, the technique that
allows the estimation of total fertility by comparing
cumulated current fertility with reported average parity
specifically assumes that recent fertility has the right
shape but not necessarily the right level. In other words,
it takes into account the deficiencies noticed in data
referring to recent fertility and, in consequence, it is
designed to be robust to the typical errors found in
actual data. As far as possible, other techniques are also
based on models that make some allowance for the
existence of typical data errors and are therefore well
suited to permit the estimation of demographic parame­
ters from data sets that are less than ideal.

However, even though these techniques are quite
powerful, they do not solve all the problems that arise in
demographic estimation. For example, their perform­
ance is not totally immune to the effects of age­
misreporting, nor is it entirely adequate when
differential errors by age are present. Therefore, the
analyst using these techniques is well-advised to assess
fully the quality of the data being analysed before
accepting or rejecting the parameter values yielded by
particular indirect methods. If a range of indirect tech­
niques can be applied in a particular case, it is unlikely
that their results will be entirely consistent. The choice
of a final estimate among the possible candidates will be
based on knowledge of the ways the methods generally
perform, on knowledge of the particular data sets being
used, and on knowledge of the country itself and its cus­
toms. Such judgements are based largely on experience,
and no attempt has been made in this Manual to provide
general rules for them beyond indicating how particular
errors affect the results of particular methods.

The strategy followed in producing MQIIUQ/ X has
been to describe in the simplest possible way the
assumptions and, if necessary, the actual models on
which each technique is based; and to provide the
reader with a detailed description of the actual applica­
tion of each method. The organization of each section
describing a technique consists usually of four subsec­
tions. The introductory portion describes the basis of
the method and its rationale; the second lists the data
required for its application; the third describes, in
general terms, how the method is applied; and the
fourth is an example of its application to an actual data
set. Both the subsection describing the computational
procedure and that corresponding to the detailed exam­
ple are divided into different and clearly labelled steps.

As far as possible, the section describing a particular
technique is intended to be independent from other sec­
tions of the Manual, so that the user may refer to it
without having to work through the entire volume.
Occasionally, when a section is not entirely self­
contained or self-explanatory, the reader is referred to



other parts of the Manual where the necessary concepts
or procedures are explained. However. the user should
always read the introductory comments of a chapter
before using a method from that chapter. since the gen­
eral characteristics of the data are described in that sec­
tion.

In general. all the techniques presented are fairly easy
to apply. The procedures described are especially suited
for the analyst who possesses a hand calculator and
some patience. and who is willing to carry out some­
times lengthy computations carefully. The background
required to understand the assumptions and the pro­
cedures described in chapters II-IX consists of a famil­
iarity with basic demographic measures and a command
of algebra. However. it is realized that to grasp fully the
mathematical derivation of the demographic models
presented in chapter I. a good command ofstatistics and
of calculus is necessary. This chapter, although present­
ing some background material that is very useful in
understanding the other chapters of the Manual, does
not conform to their level of simplicity; and although it
is recommended that every user read it, full understand­
ing of its contents is not necessary for the successful
application of the methods described.

It is hoped that this Manual will fulfil two functions:
as a didactic tool especially suited for those wishing to
learn how to perform indirect demographic estimation;
and as a handbook for the experienced demographer
who needs a quick guide to the application of a variety .
of demographic estimation techniques. It is strongly
recommended that both types of users read this intro­
duction entirely before approaching the techniques
themselves, as it contains the information necessary to
understand the conventions and notations used
throughout the Manual. Furthermore, when only one
method in a given chapter is of interest to the user, it is
recommended that the introductory section of the
chapter be read before focusing on the method itself.
This section usually states the assumptions on which the

method is based and the errors typically found in the
type of data being used. It should not. therefore, be
overlooked.

The techniques presented have been grouped into
chapters according to the type of data they require and
not according to the type of estimates they yield. There­
fore, several chapters need to be considered when one is
interested in parameter types rather than in data types.
For example, age-specific fertility rates may be
estimated from data on children ever born or from
census or survey data where the identification of own­
children is possible; and while all the techniques using
data on children ever born to estimate fertility are
presented in chapter II, the own-children method of fer­
tility estimation is presented in chapter VIII, together
with other reverse-survival techniques. The same obser­
vation could be made about adult mortality estimation,
which can be performed either when a distribution of
deaths by age and sex exists or when data on orphan­
hood and widowhood or even when successive age dis­
tributions are available. It is hoped that table I and the
annotated index tables of each chapter may make the
selection of the techniques applicable to different data
sets straightforward.

To conclude, it should be pointed out that although
all the examples presented are based on real data, the
results obtained from the application of a certain
method to an isolated set of information should not be
considered definitive. Frequently, the application of a
method requires several pieces of information obtained
from different data sets or sources; and it is impossible
within the scope of this Manual to assess in each case
whether these external pieces of information are satis­
factory. In other instances. the application of a certain
method of estimation reveals inconsistencies in the data
that make the results suspect. In such cases, further
exploratory and explanatory work would be.required to
resolve these inconsistencies. Yet, since the purpose of
Manual X is to illustrate the way in which the methods

TABLE I. SCHEMATIC GUIDE TO Manual X

II. Estimation of fertility based on
information about children
ever born

III. Estimation of child mortality
from information on children
ever born and children sur­
viving

IV. Estimation of adult survivor­
ship probabilities from infor­
mation on orphanhood and
widowhood

Children ever born
Births in the past year
Number of women
Total population

Children surviving
Children dead
Children ever born
Number of women

Respondents with mother alive
Respondents with mother dead

Total fertility
Age-specific rates
Birth rate

Probabilities of survlvmg
from birth \(2): \(3):
1(5); 1(10): 1(15): 1(20)

Probabilities of surviving
from age 25 to age 25 +
x , for x= 10. 15..... 60
among females

Respondents with father alive Probabilities of surviving
Respondents with father dead from age 32.5 (or 31.5) to

age 35 + x (or 40 + x)
for x = 10. 15. .... 55
among males
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TABLE I (contilfJled)

Ever-married female popula­
tion with firsthusband alive

Ever-married female popula­
tion with firsthusband dead

Probabilities of surviving
from age 20 to age x, for
x = 25, 30, ..., 60 among
males

Ever-married male population
with firstwife alive

Ever-married male population
with firstwife dead

Probabilities of surviving
from age 20 to age x, for
x =2S, 30, ..., SS among
females

Birth rate
Death rate
Gross reproduction rate
Life table

Adjustment factor for
deaths

Adjusted age-specific cen­
tral mortality rates for
ages over 10

Complete life table

Deaths classifiedby age
Population classified by age
Growth rate

V. Estimation of adult mortality
from information on the dis­
tribution of deaths by age

VI. Derivation of a smooth life
table from a set of survivor­
ship probabilities

Estimates of child mortality
Estimates of adult mortality

from orphanhood, or widow­
hood, or death registration

VII. Fertility and mortality estima- Gl'QWth rate
tion using model stable age Child mortality (/(z»
distributions Age distribution

VIII. Estimation of fertility by Population classified by age
reverse-survivalmethods Estimates of child mortality

Growth rate

Birth rate

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

Total fertility for the same
time period

IX. Estimation of adult mortality
using successive census age
distributions

Enumerated children by single
year of age and single year of
mother's age

Female population by single
years

Estimates of child mortality
Estimates of female adult more

tality

Population enumerated at two Life table
points in time five or 10years
apart, classified by five-year
agegroup

Population enumerated at two
points in time classified by
age

Recorded intercensal deaths
classifiedby age

Completeness of death
registration

Completeness of census
enumeration

Life table

are applied and not to obtain complete, coherent demo­
graphic profiles of the cases studied, a thorough valida­
tion of the results obtained has not generally been
attempted. Hence, although this Manual is well suited
to instruct the user on how to obtain the pieces of the
puzzle, it does not go far enough in showing how to put
them together to form a consistent picture of the demo­
graphic situation of the population concerned.

F. DEFINITIONS AND CONVENTIONS

This section discusses briefly the conventions used
throughout this ManuoJ concerning both notation and
some ge~eral definitions. Of course, the specific
definitions needed in particular chapters are given there;
but in order to avoid repetition, frequently used symbols
are defined in thissection.

First to be discussed is notation. Because of the wide

variety of concepts used, it has been impossible not to
assign different meanings to the same symbol in
different chapters. Even though this practice clearly
violates strict mathematical conventions, its flexibility
far outweighs the slight confusion, if any, that it may
cause. In order to avoid such confusion completely, the
reader must be aware of the cases in which different
meanings are associated with the same symbol. Within
any chapter, a given symbol always refers to the same
type of data; however, its exact algebraic definition may
vary according to indices associated with it. For exam­
ple, the symbol N usually represents the number of per­
sons in some age group, but N(x) is the symbol used to
represent the number of persons in the age group from. x
to x +I; .sNx is the number of persons whose exact ages
range from x to x +5, N(x +) represents the number of
persons aged x and over, and N(x -) is the number of
persons below age x . Of course, the exact definition of
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each of these variations of the symbol N is stated within
the chapter where it is used, but it would be helpful for
the user to remember these frequently used variations of
meaning.

Another example is the use of P to represent average
parity. Usually, P(i) represents the average parity of
women whose ages range from x I = 10+5(i) to
X2= 10+5(; +1), although occasionally it represents the
average parity of women who were first married
betweenY1= 5(i -1) and Y2 = 5(;) years before the sur­
vey. Furthermore, in sections where more than one sur­
vey is considered, P (; , t) is used to represent the average
parity of women in group; at time t ,

Some symbols have different meanings in different
chapters. Since this Manual is organized in a modular
fashion, with each chapter or module being largely
independent of other chapters, this misuse of symbols is
not expected to cause problems. For example. it will be
quite clear to the reader that in chapter VII. C(x) is
used to represent the proportion of the population under
age x , while in chapter V, the letter C is used to
represent the estimated completeness factor for death
registration. Since each of these definitions of C is used
consistently within each chapter. it is unlikely that con­
fusion' will arise. as long as it is remembered that
chapters should be treated as modules.

On the other hand, some symbols are used con­
sistently throughout the Manual. These symbols are
defined below:

b: birth rate. More accurately called the "crude birth
rate", b is the ratio ofthe number of births occurring in
a population during a given period and the number of
person-years lived by the population during that time
period. The latter figure is usually approximated by the
size of the population at the mid-point of the period,
multiplied by the length of the period in years. This rate
is usually expressed in births per 1,000 population; that
is, its true value is multiplied by 1,000. Yet, in this
Manual, this convention is not followed. Therefore. all
birth rates quoted are numbers smaller than unity. which
require multiplication by 1.000 to be comparable to
figures cited elsewhere;

d: death rate. The complete name of d is the "crude
death rate". It is the ratio of the number of deaths
occurring in a population during a certain time period
and the person-years lived by the population during that
time period. An approximation of this number of
person-years lived is often obtained by multiplying the
mid-period population by the period length in years.

. Usually, death rates are also expressed per 1,000popula­
tion (that is, their true value is multiplied by 1.(00), but
this practice is not followed here. Hence. all death rates
quoted in the Manual are numbers smaller than unity;

r: growth rate. More properly known as the "crude
rate of natural increase," r is the difference between the
birth. and death rates defined above. Crude rates of
natural Increase are often .expressed as percentages.
This practice is entirely avoided in this Manual, but
especially in this case, the reader must be aware of it so
as to be able to' make the correct comparisons between
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the figures quoted here and those presented in other
sources. As an example, note that a value of r = 0.0280.
the form in which growth rates are expressed herein. is
equivalent to a growth rate of 2.80 per cent in conven­
tional form';

q(x): probability of dying. Throughout the Manual.
the life-table probability of dying between birth and
exact age x is denoted by q(x). Being a probability. the
value of q(x) cannot be greater than one. Although its
value can also be quoted as per 100 (pet tent) or per
1,000, it is not the usual practice to do so. Hence, the
reader will find that the q(x) values given here have the
same form as those generally used elsewhere;

I (x): probability of surviving. The value of I (x) is.
in probability terms, the complement of q(x ), that is,
I(x)= 1.0-q(x). By definition, I(x) is the probability
of surviving from birth to exact age x ; and it is conven­
tional practice to express the I (x) values in per 1.000or
per 10.000 form. This practice is especially prevalent in
the construction of life tables where I (x) is also, inter­
preted as the number of persons of exact age x in a sta­
tionary population with radix I (0). The arbitrary selec­
tion of the value of I (0) amounts to multiplying all the
true probability values of I (x) by a constant. in order to
avoid using decimal points. In most of this Manual. 1(0)
has the value of one; and therefore. I (x) is a probability
value never greater than one. However. an exception to
this convention occurs in section D of chapter IX. where
the radix of the estimated I(x) values cannot be known.
therefore making impossible their translation into true
probabilities of survival from birth. The user should
make a note of the general convention and of this main
exception in order to make allowance for the final posi­
tion of the decimal point when making calculations or
comparisons with respect to other estimates;

ex: expectation of life. The symbol ex is used to
denote the average expectation of life of a group of sur­
vivors on reaching age x . The expectation of life at
birth is denoted by eo. The value of ex represents the
average number of years that the members of the sta­
tionary (life-table) population alive at exact age x may
expect to live. The reciprocal of eAl.O/ex ) is the death
rate over age x for the stationary population. Another
name for ex is "life expectancy at age x";

smx : central death rates. specific by age. The symbol
smx is used to represent central death rates calculated
directly from the number of deaths occurring to the pop­
ulation in the age group from x to x +5 and the
person-yearslived. When the equivalent measure is cal­
culated for a stationary population (life table). an
upper-case M is used to indicate this fact (sMx );

P: average parity. Demographers define parity as the
number of live births a woman has had. Average parity
is. therefore, the average number of live births per
woman, or the average number of children ever born
per woman. The use of the index; to denote that aver­
age parities refer to different age groups of women has.
become common practice. Therefore, instead of denot­
ing the average parity of women in age group 15-19 by
sP IS. as the usual actuarial notation would dictate, the



symbol P( I) was selected. Ease in typing P(;) rather
than sPx has led to the widespread acceptance of the
former notation, and it was adopted for this Manual. In
fact. it has even been abused, in a sense, because ;
represents both age and marriage-duration groups,
according to the case at hand, and it was extended by
using it to index some variables other than parity.
Because of the simplicity and frequent use of the index­
ing variable ; in this Manual and elsewhere, the user is
advised to become familiar with it;
/ «» age-specific fertility rate. In this Manual, / (; )

represents the age-specific fertility rate of women whose
age ranges from xl=IO+S; to x2=IO+S(i+I). In
general, the index i used for parities is used in an identi­
cal fashion for age-specific fertility rates. Thus, /(1)
represents the age-specific fertility rate for women aged
15-19;

TF: total fertility. Total fertility is, by definition, the
average number of children born to women who survive
the entire reproductive life span; it can be either a
period or a cohort measure. When total fertility is meas­
ured on the basis of period data, it is an estimate of the
average number of children born to members of a

hypothetical, mortality-free cohort that is subject, during
its entire reproductive life, to the age-specific fertility
rates for the period. Thus, if the age limits of female
reproduction are taken as being IS and SO,

7

TF=S~f(i);
;=1

Exp and In: the exponential and the natural loga­
rithm, respectively. The symbol exp is used to denote
the value of e , an irrational number whose first seven
digits are 2.718282. This number is defined mathemati­
cally as the base of natural logarithms (denoted in this
Manual by In, though also commonly denoted by 108t).
The use of exponential and logarithmic functions is
common in the specification ofdemographic models and
the reader should be acquainted with their mathematical
properties.

Even though this list of consistently used symbols is
not exhaustive, it does highlight the most important
characteristics of the relevant ones. The reader may find
it useful to consult this section whenever any of the sym­
bols listed here appears in later chapters.
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Chapter I 

DEMOGRAPHIC MODELS 

A. GENERAL BACKGROUND 

Demographic models are an attempt to represent 
demographic processes in the form of a mathematical 
function or set of functions relating two or more measur- 
able demographic variables. The primary purpose of 
modelling is simplification, to reduce a confusing mass 
of numbers to a few, intelligible basic parameters, or to 
make possible an approximate representation of reality 
without its complexity. 

Because all demographic models attempt to represent 
reality. they are based to a greater or lesser extent on 
actual data. Yet, according to their degree of depen- 
dence upon observed data, two broad categories can be 
distinguished. On the one hand, there are models that 
can be derived solely from a set of simple assumptions 
or postulates. An example is the stable population 
model which arises from assuming that fertility and 
mortality have remained constant for a sufficiently long 
period. The proof of the convergence of almost any ini- 
tial age distribution to a stable state after being subject 
for a long time to constant fertility and mortality can be 
carried out mathematically without recourse to any type 
of observed data.' Yet, a model of this sort is powerful 
only to the extent to which it reflects an actual process. 
Therefore. even though the stable population model is 
not derived from actusl observations, only the good fit it 
provides to the age structures of populations that might 
reasonably be considered "stable" (i.e., having been 
subject to unchanging fertility and mortality for many 
years) establishes its value. 

On the other hand, there are models that could not be 
derived at all if suitable data were not available. In this 
category are most of the model life tables that have been 
proposed. These models arise from the systematic 
analysis of observed mortality patterns and from the 
discovery and exploitation of common patterns present 
in them. 

In general, most models fall between these two 
extremes: that is, their basis is neither purely empirical 
nor purely theoretical. In fact, some have evolved from 
a purely empirical to a purely theoretical foundation. 
An example of this type of evolution is the nuptiality 
model first presented by ~ o a l e ?  It arose from the 

I Alfred J. Lotka and F. R. Sha r. "A roblem in age- 
distribution". Philo~ophirrrl Ma aiine. vol. TI. No. 12$(April 191 1 ), pp. 
435438: and Ansley 1. coale. h Growth and S r ~ l ,  o Human Pop. 
ulotions: A Matkmarical lnvestiption (Princeton. New eney. Prince- 
ton University Press. 1972). 

J 
2 Ansley J: Coale. "A e patterns of marriage", Populaion Studies, 

vol. XXV, No. 2 (July 1991). pp. 193-114. 

analysis of marriage rates among selected populations. 
Coale discovered that by suitably changing the spread, 
the location and the area under the nuptiality schedules 
of these populations, they could all be made to conform 
to the same standard shape. Further analysis showed 
that this shape could be closely approximated by a 
probability density function corresponding to the sum of 
a normal and several exponential random variables. 

In probability theory, an exponentially distributed 
random variable is frequently used as a model of 
waiting-time periods. Hence, the density that approx- 
imates the standard nuptiality schedule suggests an 
appealing description of the process by which marriage 
takes place: women enter the "marriage market" (they 
become socially acceptable candidates for marriage) 
according to a normal distribution; and, once they reach 
this state, their actual time of entrance into marriage is 
just the sum of several waiting times (the time to find the 
right partner, the time to arrange a wedding etc.). 

The description of this particular process of model 
creation seems interesting because it clearly illustrates 
how profitable the interaction between fact and theory 
may be. Besides, this model is especially appealing 
because it achieves an almost perfect amalgamation of 
reality and mathematical theory. Not only does the final 
equation arrived at describe the observed data with high 
accuracy, but once discovered, its interpretation appears 
most reasonable. The model proposed serves at the same 
time as a summary and as an explanation of reality. 
Ideally, every model should fulfil these two purposes. 

Unfortunately, the modelling of other demographic 
phenomena has not been equally successful. Yet, 
undoubtedly, the aim of researchers in this field is to 
arrive at models that, while being as economical as pos- 
sible in the number of parameters they incorporate, are 
also flexible enough to approximate all the relevant vari- 
ations observable in real data, and whose form and 
parameters have meaningful interpretations in reality. 

The next sections describe several useful demographic 
models in the areas of mortality, nuptiality, fertility and 
population age structure. Attention is focused on those 
models which have been relevant in the development of 
indirect estimation techniques. mainly because of the 
important part such models have played in allowing the 
simulation of demographic data. These simulated data 
have been used as a basis for the investigation of the 
relations existing between. on the one hand. quantities 
that are measured without difficulty and. on the other 
hand. more useful demographic parameters whose 
values are not easily determined directly. 



B. MORTALITY MODELS: MODEL LIFE TABLES 

A life table provides a summary description of the 
effects of age-specific mortality rates upon a birth 
cohort. The very earliest demographic models attempted 
to describe in mathematical form the variations of mor- 
tality with age, particularly the increase in the risk of 
dying after childhood. Attempts to describe by a single 
mathematical function mortality experience throughout 
life have found it difficult to reproduce the characteristic 
U or J shape of mortality rates by age. This difficulty led 
to a new approach in creating mortality models or 
model life tables. Instead of trying to relate the risk of 
dying solely to age, risks at a given age were related to 
the risks observed at other ages or to risks observed in 
other populations at similar ages. Because the .relations 
explored have, in general, shed no light on a plausible 
theoretical interpretation of how the process of mortality 
occurs, most of the model life tables existing to date 
depend heavily upon empirical data. At least four sys- 
tems of model life tables have been developed on the 
principle of narrowing the choice of a life table to those 
deemed feasible on the basis of examination of mortality 
risks calculated for actual populations. These systems 
vary in the range of human experience they encompass, 
so that one may be more appropriate than another for a 
particular case. Each of them is described in detail 
below. 

1. United Nations model life tables 
The first set of model life tables was developed by the 

Population Division of the United Nations Secretariat 
during the 1950s: This set, subsequently published in a 
revised form! is based on a collection of 158 observed 
life tables for each sex. The model tables were con- 
structed by assuming that the value of each 54, (the 
probability of dying between age x and 2 + 5 in a life 
table) is a quadratic fbnction of the previous q value, 
namely, sq , -~  (except for the first two age groups, ~ q o  
and 44 1. all the other groups considered are five years in 
length). This assumption implies that the knowledge of 
only one mortality parameter (Iqo or an equivalent 
"level" that indexes the 1qo values used) would deter- 
mine a complete life table. The United Nations model 
life tables are thus a one-parameter system. 

Since the coefficients of the quadratic equations relat- 
ing each 5qx value to its predecessor were not known a 
priori, they had to be estimated on the basis of observed 
data. Regression was used to estimate these coefficients 
from the 158 mortality schedules available for each sex. 
Once they were estimated, calculation of the actual 
model life tables was straightforwaid: a convenient 
value of ~ q o  would be chosen arbitrarily; it would then 
be substituted in the equation relating 1qo to 4ql so that a 
value of 4ql would be obtained which, in tun. would be 
used to generate a value of sqs through the equation 
relating sqs to 44 ,. and so on. 

Age and Sex Parre? o/ Morraliry: Model Li e "&s or Under- 
kwloprd Countries (United vations publication. [ '  ales No. / 5x1 11.9). 

4 M a m l  111: Methods fw Population Ro'rrriom by Sex and Age 
(United Nations publication. Sales ~0.56.~111.3).  

There are inherent disadvantages in the "chaining" 
technique used in calculating the United Nations model 
tables, especially when, as in this case, the quadratic 
equations relating one parameter to the next are not 
exact. Although the regression method of fitting equa- 
tions to data does make some allowance for the 
existence of errors, it assumes that the distribution of 
these errors is known and that their mean is zero. The 
presence of systematic errors with non-zero mean 
(biases) may severely affect the estimates yielded by 
fitted regression equations, and their adverse effects are 
very likely to be augmented by the chaining technique 
described above whereby errors in one estimate would 
only contribute to accentuated errors in the next. 

Furthermore, the 158 tables used as the data base 
from which the regression coefficients of the fitted equa- 
tions were estimated were not all of the same quality. 
Because many tables from developing countries were 
used in the data base, mortality data with numerous 
deficiencies were included; and since large areas of the 
world did not possess any mortality statistics, life tables 
for those areas could not be included in the data base. 

Owing to these shortcomings and to the fact that a 
one-parameter system lacks the flexibility required' to 
approximate adequately the variety of cases encoun- 
tered in reality, the United Nations life tables were soon 
superseded by other model sets which, though based on 
a similar approach, tried to avoid the pitfalls encoun- 
tered by the creators of the first system. However, the 
United Nations set established the usefulness of a model 
life-table system. 

2. Cwle and &mmy regional model life tables 
re ional model life tables The Coale and  eme en? . g 

were published in 1966. They were derived from a set of 
192 life tables by sex recorded for actual populations. 
That set included life tables from several time periods 
(39 of them relate to the period before 1900 and 69 refer 
to the period after the Second World War) and was 
heavily weighted towards Westen experiences. Europe, 
Northern America, Australia and New Zealand contrib- 
uted a total of 176 tables. The remaining 16 tables were 
from Africa and Asia: 3 from Israel; 6 from Japan; 3 
from Taiwan Province; and 4 from the white popula- 
tions of South Africa. The 192 life tables were chosen for 
inclusion from an original set of 326 tables. Life tables 
in which age patterns exhibited large deviations from 
the norm were excluded. All of the 192 life tables 
selected were derived from the registration data and 
from the complete enumeration of the populations to 
which they refer. Most tables covered entire countries, 
but a few representing the mortality experience of subre- 
gions also were included, especially when that experi- 
ence showed distinctive characteristics that persisted 
over time. 

A preliminary analysis of the tables revealed that four 
different mortality patterns could be distinguished 

5 Ansley J .  Coale and Paul Demeny. Regioml Model Li/c T$lesacmd 
Srabk Populariom (Princeton. New Jersey. Princeton Unlverstty Press. 
1966). 



among them. Those patterns were labelled "North", 
"South", "East" and "West" because of the predom- 
inance of European countries belonging to the various 
regions in each category. Hence, the adjective 
"regional" was applied to the entire set. 

The countries whose life tables underlie each of the 
patterns identified and the outstanding characteristics of 
the patterns are discussed below: 

(a) East model. The life tables underlying the East 
model come mainly from Austria, Germany (before 
1900). the Federal Republic of Germany (after the 
Second World War), and northern and central Italy, 
although some from Czechoslovakia and Poland are 
also included. When the pattern of these tables is com- 
pared with the "standard pattern" (that exhibited by the 
majority of tables), their deviations from the standard 
follow a U shape. revealing their relatively high mortal- 
ity rates in infancy and at older ages (over age 50). A 
total of 31 tables was used to estimate this model. The 
life expectancy in those tables ranges from a low of 36.6 
years for Bavaria in 1878 to a high of 72.3 years for 
Czechoslovakia in 1958; 

(b) North model. The observed life tables underlying 
the North model come from Iceland (1941-1950). Nor- 
way (1856-1880 and 1946-1955) and Sweden (1851- 
1890). Nine tables were used to derive this pattern of 
mortality, characterized by comparatively low infant 
mortality coupled with relatively high child mortality 
and by mortality rates above age 50 that fall increasingly 
below those of the standard. The populations displaying 
this mortality pattern were very probably subject to 
endemic tuberculosis (positive deviations from the 
standard pattern in the middle age range, from age 10 to 
40, suggest this fact). Therefore, this model is recom- 
mended as an adequate representation of mortality in 
populations where the incidence of this disease is high. 
Life expectancy in these tables ranges from 44.4 years 
(Sweden. 185 1- 1860) to 74.7 years (Norway. 195 1- 1955); 

(c) South model. The South model is based on life 
tables for Spain, Portugal, Italy, southern Italy and the 
region of Sicily, covering a period from 1876 to 1957. 
The levels of life expectancy range from 35.7 years 
(Spain, 1900) to 68.8 years (southern Italy, 1954-1957). 
A total of 22 tables was used in deriving this model. 
Their mortality pattern is characterized by high mortal- 
ity under age 5, low mortality from about age 40 to age 
60. and high mortality over age 65 in relation to the 
standard; 

(d) West model. The West model is based on the 
residual tables, that is, those not used in the derivation 
of the other regional sets. Their mortality patterns do not 
deviate systematically from the standard pattern 
obtained when all the available life tables are put 
together; and, in this sense, they are closer to the stand- 
ard than those on which other regional sets are based. 
Furthermore, because this model is derived from the 
largest number and broadest variety of cases, it is 
believed to represent the most general mortality pattern. 
For this reason, the West model is often recommended 
as a first choice to represent mortality in countries where 

lack of evidence prevents a more appropriate choice of 
model. I t  is of interest that the age pattern exhibited by 
the West model is very similar to that of the earlier 
Un~ted Nations life tables. Life expectancy in these 
tables ranges from 38.6 years (Taiwan Province, 192 1 )  to 
75.2 years (Sweden, 1959). 

Having identified each of the four patterns present in 
the observed life tables, the coefficients of linear equa- 
tions relating the values of ,  qx to e l ~ ,  the expectation of 
life at age 10, and those relating the values of loglo(,qX) 
to e lo were estimated by using least-squares regression. 
From the equations thus established, it was simple to 
derive a complete set of ,qX values, and, therefore, a 
model life table, from any given value of elo. The exact 
equation used (whether on ,, qx or on loglo(n qx )) for each 
section of the age range changed according to some sim- 
ple   rite ria;^ but, essentially, the models derived from 
these equations depend, within each region, upon only 
one parameter, namely, e 10. Twenty-four values of e 
for females were selected so that they would produce eo 
values ranging from 20 to 77.5 years, increasing in steps 
of 2.5 years. 

The female e lo values were then used to estimate e lo 

values for males on the basis of the mortality 
differentials by sex present in the actual data. In this 
way, pairs of life tables (one for each sex) were gener- 
ated for each level of mortality considered. For simplic- 
ity, the pair of life tables with a female eo of 20 was 
identified as level 1 and that with a female eo of 77.5 
became level 24. An explanation of how the different 
functions that constitute a life table were calculated 
from the, qx values can be found in the life tables them- 
se~ves .~  

In order to give the user a better idea of the relation- 
ships between the four different mortality patterns 
embodied by these models, figures 1-4 show plots of the 
proportional deviations of the ,qX values of models 
North, South and East from those of West. In all cases, 
the ,, qx values compared refer to female level 9 (with an 
eo of 40 years). The exact function plotted in figures 1-4 
is 

where the index W indicates model West. 
As figure 1 shows, model North is characterized by a 

somewhat lower infant mortality than that of West, by 
significantly higher child mortality (over the age range 
from 1 to 10) and by adult mortality (over the range 
from 20 to 50) that, although lower than that of West, is 
higher than the values associated with either South or 
East (see figure 4). It is also worth noting that at older 
ages (over 65) North is the model with the lowest mor- 
tality. 

Model South (shown in figure 2) exhibits higher child 
mortality than West (over the range from 0 to 5). the 

lbid 
lbid. 



Figure 1. Relative deviations of North model values for the probability 
d dying, ,,q,. from those of the West model for females, level 9 

lowest adult mortality among all models (see figure 4) 
and somewhat high mortality over age 65. 

Model East (shown in figure 3) displays a relatively 
high infant mortality, coupled with the lowest child mor- 
tality in all models (see figure 4) and an adult mortality 
that falls between that of South and North. It is also 
characterized by having the highest mortality at older 
ages (over age 65). 

Note should be taken that, as shown in figure 4, the 
model having the highest probabilities of dying at adult 
ages (20-50 years) is the West model (although when 
mortality is very low, the North model shows higher 
adult mortality); and only the East model is lower than 
the West model in terms of child mortality (probabilities 
of dying between ages 3 and 10). 

At the time of its creation, this set of model life tables 
was probably the most general and flexible model of 
mortality available, and its widespread use has helped to 
demonstrate both its strengths and weaknesses. Among 
the latter, the most important is that, even though more 
varied than other sets of tables, the patterns embodied 
by the regional model life tables do not cover the entire 
range of human experience. For example, Demeny and 
~horte? found that none of the four model patterns con- 

Figure 2. Relative &viatioar of South model values for the probability 
ddying, ,,9,, from Lose of the West model for females. level 9 

tained in the model life tables adequately reflects the 
Turkish experience. In general, because the data upon 
which the regional model life tables are based include 
very few examples from developing countries, it is possi- 
ble that the patterns of mortality characteristic of these 
countries may be different from those represented by the 
models (see subsection B.5 for a discussion of the new 
United Nations model life tables). 

However, owing to their long-standing use and 
acceptance, the Coale-Demeny life tables have become 
a necessary tool in indirect estimation; and they are 
consistently used in the worked examples presented in 
this Manuol. 

When employing these models, a problem that always 
arises is the selection of the mortality pattern that best 
represents the mortality prevalent in the country or 
region being studied. As described above, the regional 
model life tables contain four families or patterns of 
mortality. The most striking differences between these 
families are well known; and because the tables them- 
selves are available, they can be investigated further by 
any analyst. Of course, if there are reasonable estimates 
of the mortality pattern for a given country, the best 
model can be selected by comparing the observed pat- 
tern to those embodied by the model tables. But when 
almost no reliable informition on the incidence of mor- 

8 Paul Demeny and Frederic C. Shorter. Estimating Turkish Morrali- 
rv. Fcrrilifv and Aee Sfnrctun (Istanbul. Istanbul Un~versitv. Statistics t a l i t~  age is the can do little 
(nstitute. 1968). than guess which pattern would be most appropriate. 
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In situations where all extra information is lacki 
the use of the West family is recommended because 
the relatively wider data base from which it was derived. C. 

As for the "extra information" that would permit a more 
enlightened selection, it can vary considerably in type child mortality is to be attempted. According to the 
and quality, ranging, for example, from estimates of description given above of the four mortality Patterns 
age-specific mortality rates derived from vital registra- contained in the regional model life tables, It is evident 
tion to knowledge of some fairly general facts, such as that they differ most markedly in their values at early 
the extent to which breast-feeding is practised or the ages and in the relation between infant (190) and child 
pn>bable incidence of tuberculosis. When a set of (49,) mortality. It follows that quite different child mor- 
observed age-specific mortality rates is available (prefer- tality estimates may be obtained from the same informa- 
ably a set adjusted according to the methods described ti0n according to which family is selected as Eprtsen- 
in chapter V), a model mortality pattern may be chosen tative. Furthermore, in this case, reasonably sound 
by comparing the observed 5rp?, values to those external evidence that would permit a solid selection is 
corresponding to model life tables belonging to different very hard to obtain, mainly because infant deaths a n  
families and whose levels (i.e., their expectation of life) very often grossly underreported. Currently, in the 
roughly correspond to those of the observed rates. This absence of adequate empirical data for selecting a fam- 
comparison may be carried out by dividing the observed ily of model life tables, only the few general guide-lines 
fix values by those of the model. Exact agreement given below may be ~ropdsed to narrow the Possibilities 
between the two values would 9eld a quotient value of and lead to a reasonable choice: 
one. Therefore, the family whose quotient values are, on (a)  In a population where breast-feeding is common 
the average, closest to one could be selected as an practice and where weaning occurs at a relatively late 
appropriate representation of 0 b s a ~ e d  mortality. A age (12 months or over), one may reasonably expect 
slightly more sophisticated procedure would be to select child mortality (44,) to be relatively higher than infant 
the model set that minimizes the sum of the squared mortality (,qo) since bmast-feeding may successfully 
deviations from 1.0 of the ratios of observed sm, over prevent deaths due to malnutrition and infectious 
model sMx values. diseases among young infants. When weaning takes 

The selection of an adequate family is especially place, however, the child is less protected from these 
important when the indirect estimation of infant and perils and is more likely to die. In these cases, mortality 
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in childhood is likely to be well represented by the 
North family. Yet, it cannot be inferred from these 
observations that the North family will also provide an 
appropriate mortality model for other sections of the age 
range. More information on the incidence of mortality 
in adulthood is necessary to establish this fact; 

(b) In some populations today, breast-feeding has 
been abandoned by a high proportion of the female 
population; and, from a very early age, infants are fed 
unsterilized and often inadequate rations of "milk for- 
mula". When this practice is adopted by women living 
in relatively unhealthy conditions, a higher degree of 
malnutrition and an increase of the incidence of infec- 
tious diseases among infants are observed. Under these 
conditions, a pattern of mortality similar to that of the 
South family may be a good representation of mortality 
in childhood; 

( c )  Early weaning may not be the only cause of mal- 
nutrition which results in a high child-to-infant mortality 
ratio. In some populations, breast-feeding is nearly 
universal but nutritional levels are low and both infant 
and child mortality are high. For such least developed 
countries, either the South or the North families of 
model life tables may be the most appropriate; 

(d) If it is known that infant mortality is very high in 
relation to child mortality because of the prevalence of 
neonatal tetanus or some other cause, the East family 
may best reflect the actual age pattern of mortality; 

(e) In the absence of data adequate to determine the 
most suitable family of model life tables to use for a par- 
ticular couny, one may select the same family as that 
employed for a neighbouring country with similar cul- 
tural and socio-economic characteristics; 

(f) If little is known about the population under 
study, the West model is recommended, simply on the 
grounds of generality. 

From these remarks, it is clear that the knowledge 
about mortality patterns is still fairly limited and that, 
certainly, better information concerning the mortality 
experience of populations in developing countries is 
needed to assess the adequacy of the models now avail- 
able. 

3. Ledermann 3 system of model life tables 
Ledennann and  rea as^ used factor analysis to identify 

the most important variables or factors explaining the 
variation among a set of 154 observed life tables. The 
data base was nearly identical to that used for the earlier 
United Nations tables (see subsection B. 1) and therefore 
had the same advantages and shortcomings. 

Five factors were found to explain most of the varia- 
bility among the observed tables. The first and largest is 
associated with a general mortality level; the second 
refers to the relation between child and adult mortality; 
the third is related to the pattern of mortality at older 
ages, while the fourth is related to the pattern of mortal- 

Sull Ledermann and Jean Bnas. "Les dimensions de la mor- 
talitC': Jo ulofion (Paris), vol. 14. No. 4 (October-December 1959). 
pp. s7&. 
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ity under age 5; and lastly, the fifth reflects the 
differential between male and female mortality in the 
age range from 5 to 70. 

At a later date, ~edermann" developed a series of 
one-parameter and two-parameter model life tables 
based on the regression analysis of the 154 actual life 
tables used in his first study of mortality patterns. The 
model life tables were obtained by estimating the proba- 
bilities of dying between ages x and x + 5, ~ q ~ ,  for 
males, females and both sexes combined, through loga- 
rithmic regression equations of the following type: 

for the one-parameter models, and 

for the two-parameter models, where Q, QI  and Q2 are 
the independent variables used in each case, and q ( x )  
and bi (x ) represent the estimated regression coefficients 
for the age group from x to x + 5. 

Ledermann's models form a flexible system. While the 
early United Nations and the four Coale-Demeny 
regression models are based on just one independent 
variable (Iqo and elo, respectively), Ledermann 
estimated different sets of regression coefficients for 
equations (B.1) and (B.2), each based on a different 
independent variable or pair of variables. In the case of 
the one-parameter models, seven independent variables 
were used, namely: eo, !go, 590, I S ~ O ,  20430, 20445 and 
mso+ (the central mortal~ty rate for ages 50 and over). 
The two-parameter models were obtained by using the 
following pairs of independent variables: 540 and ~ 4 s ;  

1540 and 20430; and ,590 and rnso+. Every parameter 
refers to both sexes, except for 20430, which refers only to 
females. The use of different independent variables to 
generate each set of model life tables makes it easier for 
the user to avoid the bias introduced when a model life 
table is identified by way of an observed value that is not 
the independent variable used to generate the model. 
For example, this type of bias is introduced when, in the 
Coale-Demeny system, a life table is identified on the 
basis of the observed l2 value rather than on the basis of 
the observed elo. However, even though the Ledermann 
set does provide a wider variety of entry values that 
minimize the bias in identifying an appropriate model, 
in practice most of these values are not easily estimated 
with an adequate degree of accuracy for developing 
countries, so that the introduction of some bias cannot 
be avoided. 

The Ledermann models also incorporate a feature 
absent in other tables. They provide not only the 
estimated values of the probabilities of dying but a 
measure of the dispersion of the observed values around 
the estimated values (2ax, where a, is the standard error 
of the 5qx values estimated through a regression equa- 

lo Sully Ledermann, Nouwlles fables-I s dc mortalifC, Travaux 
et Documents, Cahier No. 53 (Paris, E t i t u t  *national d'Ctudes 
dbmographiques, 1969). 



tion). Obviously, this measure refers only to the 
particular life tables from which the regression 
coefficients were calculated, and the former do not 
necessarily cover all possible situations. Nevertheless, 
the measures of dispersion presented do indicate the 
possible magnitude of the discrepancies between 
estimated and actual values. 

In addition, the Ledermann tables reflect the sex 
differentials in age patterns of mortality and the way in 
which these differentials vary with respect to the overall 
level of mortality in actual life tables. Thus, for example, 
the effects of maternal mortality at high mortality levels 
are translated into a marked excess of female mortality 
in the early reproductive ages, but such excess disap 
pears in tables of the same model corresponding to 
lower mortality levels. 

This characteristic, however, may be a potential 
shortcoming of the system, because even though regres- 
sion coefficients are given for the calculation of separate 
life tables for each sex, the independent variables used 
refer, with only one exception, to parameters obtained 
from data on both sexes combined. Thus, the user is 
forced to accept the relationships between male and 
female mortality that the model embodies, relationships 
that may not always be satisfactory. For instance, it is 
almost impossible to estimate from Ledermann's models 
a life table in which the male expectation of life exceeds 
that for females. When little is known about the sex 
differentials prevailing in a population, it is highly desir- 
able to analyse data for each sex separately. On these 
grounds, the Ledermann tables are of limited value for 
the study of such populations. It may also be noted that, 
for applications to developing countries, the Ledermann 
system is not easy to use, as its independent variables, or 
points of entry into the tables, cannot be readily 
estimated by the indirect techniques currently available. 

4. Brass logif life-fable system 
The main shortcoming of the model life-table systems 

described above is their dependence upon the type of 
data that generated them. The rather restricted data base 
used for this purpose and the fact that the model systems 
themselves consist of only a finite number of cases which 
cannot be expected to represent all possible human 
experience make them less than ideal. Another type of 
model is needed. Naturally, this model should ade- 
quately reflect the patterns found in empirical mortality 
data. However, it should not be constrained to represent 
exclusively the patterns these data embody for, as 
pointed out earlier, the true mortality experience of 
many populations has not yet been ascertained with any 
degree of accuracy, and it may or may not strictly con- 
form to patterns observed in countries where accurate 
measurement has been possible. 

A model that provides a greater degree of flexibility is 
that pwposed by Brass and colleagues," better known 
as the "logit system". Brass attempted to relate 

11 William Brass and others. The mphy o Z'kyid Africa 
(hinccton. New ,erscy. Princeton ~niversrt~%'rcn. dl). 

mathematically two different life tables. He discovered 
that a certain transformation of the probabilities of sur- 
vival to age x (l(x) values in life-table terms) made the 
relationship between corresponding probabilities for 
different life tables approximately linear. In other words, 
if one lets h(l(x)) represent some transformation of the 
value l(x), for empirical data, the linear relationship: 

where 1 *(x) and l(x) are two different life tables, and a 
and /3 are constants, is approximately true for all vaues 
of x if h is defined specifically as 

Those familiar with the logit as defined in statistics 
will notice that h is just a special case of this function, 
being calculated for the probabilistic complement of 
l(x) rather than for l(x) itself, as would be usual prac- 
tice in statistics where the logit of a probabilityp is: 

Assuming that, for any pair of life tables, values of a 
and /3 can be found such that equation (B.3) is satisfied, 
it can be proved that the h transformation of any life 
table can be expressed as a linear function of the h 
transformation of some "standard" life table. That is, if 
equation (B.3) holds for every pair of life tables, all life 
tables can be generated from a single life table by 
changing the pairs of (a,@ values used. In fact, this 
proposition is not strictly true because the assumption 
made, namely, that (B.3) represents an exact relation- 
ship between life tables, is not entirely true. Equation 
(B.3) is only approximately satisfied by pairs of actual 
life tables, but the approximation is close enough to 
warrant the use of this relation to study and fit observed 
mortality schedules. 

Before describing how equation (B.3) is used to gen- 
erate model life tables, a word about the meaning of the 
parameters a and /3 is in order. Consider the life tables 
l*(x) that can be generated by selecting a specific life 
table 1 (x ) and calculating h(l *(x )) for different values 
of a and /3. If /3 were to remain constant and equal to 
one, for instance, different values of a would produce 
life tables 18(x') whose shapes would essentially be the 
same as the l(x) table used to generate them, but whose 
overall levels would change (see figure 5). If, on the 
other hand, a remains fixed and /3 is allowed to vary, the 
resulting 1 * (x )  life tables will no longer display the same 
shape as l(x). All of the l*(x) tables will intersect at a 
single point located somewhere in the central portion of 
the age range. Therefore, their probabilities of survival 
will be either lower at younger ages and higher at older 
ages or lower at younger ages and higher at the older 
than the standard survival probabilities 1 (x ) from which 
they are generated (see figure 6). Hence, a changing 



Fjgwe 5. Wfe tables M v e d  thmugh the logit system, letting fl= 1.0 Figwe 6. Ufe tables derived through the logit system, letting a= 0.0 
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value of f l  modifies the shape of the generated mortality 
schedule rather than its level. Naturally, simultaneous 
changes of a and /3 will bring about changes in both the 
level and shape of the mortality schedule being gen- 
erated. 

From equations (B.3) and (B.4), the following expres- 
sion can be derived: 

so that, for any set of l(x) values defining a life table, 
another set I * ( x )  can be obtained by using any pair of a 
and f l  values. (Note should be taken that at the end- 
points of the age range, where I(x ) is either 0 or I ,  equa- 
tion (B.6) cannot be used to calculate l*(~) .  Rather, 
I*(O) and I*(o) should be arbitrarily set equal to one 
and to zero, respectively.) Equation (B.6) can be used to 
generate model life tables simply by selecting an ade- 
quate standard. Potentially, any life table can be used as 
a standard, but for simulation and fitting purposes the 
standard proposed by ~ r a s s ' ~  is very frequently used. 
This "general" standard (presented in table 2) is 
different from the so-called "African" standard also pro- 
posed by ~ ra s s . ' ~  The latter is characterized by lower 
infant mortality and higher child mortality. In this 
Manual, only the Brass "general" standard is used. 

Because of the mathematical simplicity of equations 

(B.4) and (B.6), the use of model life tables generated by 
means of the A transformation (also call the "logit" from 
here on) does not require that the resulting values be 
available in printed form. However, some such values 
have been printed. For example, Camer and ~ o b c r a f t ' ~  
produced a set of model tables from the African stand- 
ard by fixing the value of /3 at one. This set represents, 
therefore, a one-parameter system of model life tables. 

The simple mathematical form of equation (B.6) also 
simplifies its use in computer applications. For this rea- 
son, life tables generated by the logit system are very 
often used for simulation purposes. Furthermore, the 
logit system is particularly appropriate for projecting 
mortality. If the past and current mortality schedules of 
a population are known, trends in the a and /3 parame- 
ters can be determined by using the logit model life- 
table system to fit each mortality schedule, and with 
some caution these trends can be projected to generate 
estimates of future mortality. 

In this Manual, the logit system is used to fit the 
adjusted mortality rates of a population and to syn- 
thesize independent estimates of child and adult mortal- 
ity into coherent mortality schedules. 

5. United Nations d l  lift tables for 
dewloping countries 

As more data of better quality have become available 

l2 See K. Hill and J. Trussell, "Further develo merits in indirect 14 Norman H. Carrier and John Hobcraft, h ~ g r q p h i c  ,&imtion 
moftatity estimatbn". P e t i o n  Srfq 4 .  ~ 8 x 1 .  No. 2 (Juh fa &&pi# &&ties: 1 Mmd o T ihn ips fo r  the Iktection al 
1977). pp. 313-333. kduction of%mrs in Lkmogrqhic k (London. London School of 

13 W. Brass and othets, op. cit. Economics. Population Investigation Committee, 197 1). 



T m e  2. LCNllT VALUES FOR T H E  BlWS OENEML STANDARD LIFE TABLE 

for less developed countries it has become evident that 
the age patterns of mortality exhibited by their popula- 
tions otten differ from those recorded in the developed 
countries during the period 1850- 1960, and consequently 
from those embodied in the models described above. 
For this reason, the Population Division of the Depart- 
ment of International Economic and Social Affairs of 
the United Nations Secretariat prepared and recently 
published a set of model life tables based on data from 
developing c~untries.'~ 

Although the availability and reliability of data from 
the less developed regions have increased ~markably 
since the publication of the early United Nations life 
tables in 1955 and the Coale-Demeny tables in 1966, 
such data remain essentially poor. As a result, careful 
evaluation, selection and adjustment procedures were 
uscd to construct the data base upon which the new 
United Nations models were constructed. This data 
base consists of 36 life tables by sex (72 in total), cover- 
ing a wide range of mortality levels (for 10 life tables, a0 
is below 50 years; and for another 10, eo is 70 years or 
greater). Geographically, 16 pairs of male/female life 
tables wen obtained from 10 countries of Latin Amcr- 
ica, 19 from I I countries of Asia, and one from Africa. 
The meagre contribution by Africa reflects both a short- 
coming and a strength of this system-a shortcoming 
in that the lack of data from Afiica casts doubts about 
the use of the resulting mdels to represent the experi- 
ence of this major area, a strength in that the rejection of 
whatever data were available for subSaharan Africa, 
usually of extremely low quality, is to some extent a 
validation of the evaluation procedures used to select 
the data base and a partial assurance that the empirical 
tables underlying these models are of generally high 
quality so that the models themselves reflect distinctive 

15 M&l U e T e  or &&ping Cam~rfes (United Nations publi- IG 4 cation, Sales o. E.81. 111.7). 

patterns of mortality in developing countries rather than 
typical patterns of data flaws. 

The new United Nations model life tables are similar 
to the Coale and Demeny set in that distinct patterns of 
age-specific mortality schedules have been identified 
and are published in detail. In addition, the new models 
incorporate a greater degree of in-built flexibility, allow- 
ing the user to construct mortality patterns different 
from those actually published. In this sense, they are 
more akin to the logit system proposed by Brass. 

Four distinct patterns of mortality were identified on 
the basis of the data available. Because of the predomi- 
nance of these patterns in certain geographical regions, 
they are identified in regional tenns as the "Latin Amer- 
ican", the "Chilean", the "South Asian" and the "Far 
Eastern" patterns.'6 A fifth pattern, called the "general" 
pattern, was constructed as the overall average of those 
listed above. 

In order to illustrate the differences between the Coale 
and Demeny models and the United Nations patterns, 
figure 7 shows plots of the ratios ,,qx /, q:, where the 
superscript W indicates the West model In the Coale- 
Demeny set. Comparisons an made between ,, q, values 
corresponding to life tables with the same life expect- 
ancy at age 10. Levels 9, I5 and 21 of the Coale- 
Demeny tables for females are uscd as denominators. 
T h e  comparisons highlight the most distinctive 
characteristics of the new United Nations patterns, 
which are discussed below. 

The Latin American model, when compared with the 
West family of the Coale and Demeny models, exhibits 
high mortality during the infant and childhood years 
(due mainly to excess diarrhoea1 and parasitic diseases), 
and again during the young adult ages (largely due to 

16 The labelling uscd for these patterns does not relate to the geo- 
phi i l  divisions atrblished by the Population Division of the 

d lntcmtional F.umomic and Social Again of the 
Un~ted Nations Secretariat. 
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accidents). It also exhibits relatively low levels at older 
ages, apparently because of comparatively low death 
rates due to cardio-vascular diseases. 

The Chilean pattern is characterized mainly by 
extremely high infant mortality in relation to both the 
West family and its own child mortality. This excessive 
infant mortality appears to be due mainly to deaths from 
respiratory diseases and may also be related to early 
weaning. 

The South Asian pattern in typified by extremely high 
mortality under age 15 and relatively high mortality at 
older ages (over age 55 approximately). Correspond- 
ingly, mortality during the prime adult ages is relatively 
low. Data about causes of death are scarce in this 
region; however, those gathered by the International 
Diarrhoea] Disease Research Centre in Matlab, Bang- 
ladesh, and by the Indian Model Registration Project 
reveal high rates of diarrhoeal and parasitic diseases at 
younger ages and high mortality from diarrhoeal and 
respiratory diseases at older ages. 

The Far Eastern pattern exhibits very high death rates 
at the older ages compared with those at younger ages. 
There is some evidence that this distinctive pattern may 
be due to a past history of tuberculosis. 

The general pattern (not shown), which can be con- 
sidered an average of the four regional patterns de- 
scribed above, is very similar to the West family of the 
Coale-Demeny set. 

As mentioned earlier, these tables combine the advan- 
tages of the Coale and Demeny regional system and its 
detailed publication format with the type of flexibility 
inherent in the Brass logit system. Such characteristics 
were achieved by using principal component analysis to 
construct each model, after preliminary clustering of the 
data had been carried out. Clustering allowed the 
identification of the four distinctive patterns described 
above. Within each cluster equations of the form 

were fitted, where ,qx is the observed probability of 
dying between ages x and x + n; U6, is the overall 
average (in logit terms) for cluster c; UiC, represents the 
characteristic deviation of the observed from the aver- 
age;'and the coefficient ai indicates the size of such devi- 
ations. Because the fitting procedure used identifies the 
ex values as the princip~l:l'components of the observed 
, qx vectors (with x ranging from 0 to w), the Uox vector 
can be interpreted as a measure of the average mortality 
model within each cluster, while U I x  may be interpreted 
as a measure of the typical deviations from that average 
as mortality levels change. Deviations from the overall 
average not due purely to changes in level are embodied 
by the second and third principal components, Uz, and 
U J X ,  respectively. Hence, in constructing the one- 
parameter models printed in the tables, equation (B.7) 
with k = 1 was used, but setting k = 2 or k = 3 and 
selecting ai values judiciously allows the user to derive 
mortality schedules whose pattern deviates from that of 

the printed tables. In this way, the flexibility of the 
models is enhanced. 

In spite of their qualities, the United Nations life 
tables for developing countries are not used in this 
Manual, mainly because they were,not yet available at 
the time of its preparation. In addition, because some of 
the methods described in the remainder of this volume 
have been developed on the basis of the Coale-Demeny 
models, it would be unfair to judge their performance on 
the basis of new models. The development of variations 
of these methods specifically designed for use with the 
new United Nations models is currently being under- 
taken and will soon add to the tools available for the 
analysis of demographic data in the developing coun- 
tries. 

C. MODEL STABLE POPULATIONS 

The concept of a stable population was first formu- 
lated by ~ o t k a , ' ~  who proved that almost any popula- 
tion that is subject to constant fertility and mortality for 
a sufficiently long time acquires ultimately an unchang- 
ing age distribution which is characteristic of the pre- 
vailing fertility and mortality rates, and which is 
independent of the initial age distribution. He called the 
end-product of such constant fertility and mortality con- 
ditions a stable population and established that the 
stable age distribution has the following form: 

where c(x) is the infinitesimal proportion of the stable 
population at exact age x (c(x) is actually a density 
function), b is the constant birth rate, r is the constant 
rate of natural increase and I(x) is the probability of 
surviving from birth to age x (the usual life-table func- 
tion). 

Using equation (C.l) and recalling that an integral 
can be interpreted as a sum of infinitesimals, one can 
deduce that the proportion under agey, CO,), is 

and, since for the highest age possible, denoted by 
w, C(o) must equal one (that is, the portion of the popu- 
lation under the highest age attainable must be the 
entire population), it follows that 

Equations (C.2) and (C.4) allow the computation of 
the age distribution of a stable population whenever its 
mortality schedule (I(x)) and its growth rate (r) are 
known. 

l 7  A. J. Lotka and F. R. Sharpe. lor. cit. 



Model stable populations arise from the use of model 
mortality schedules or life tables to generate, through 
equations (C.2) and (C.4), stable age distributions for 
selected values of r. Among the five types of model life 
tables discussed above, at least four have been used to 
generate model stable populations. The Coale-Demeny 
set has probably been the most widely used for the pur- 
pose of demographic estimation (cf. chapter VII). Four 
families of model stable populations are included in this 
set: one for each of the patterns of mortality it contains. 
Stable age distributions are printed for each sex 
separately, for values of r ranging from -0.01 to 0.05 
(increasing in steps of 0.005 at a time), for values of the 
gross reproduction rate ranging from 1.0 to 6.0 (increas- 
ing in steps of 0.25) and for the 24 mortality levels of 
each family. Each age structure is accompanied by a 
series of other parameter values corresponding to the 
stable population it represents. These values include the 
death and birth rates and the gross reproduction rate. 
The degree of detail in which this set is tabulated makes 
it rather simple to use. 

Another set of stable populations was published by 
Carrier and ~obcraft," who computed stable age distri- 
butions based on life tables calculated by using the logit 
system with the African standard. Two types of life 
tables are presented: one in which #3 is held constant 
with a value of one, and another where both a and #3 are 
allowed to change. This set of stable populations is far 
less detailed than the Coale-Demeny set, but its use for 
estimation purposes may be required in situations where 
none of the Coale-Demeny mortality patterns is judged 
to approximate adequately the mortality experienced by 
an actual population. 

The United Nations also published a set of model 
stable populations that can be used for demographic 
estimation, especially in cases where the other sets are 
not able to provide an acceptable fit.I9 Lastly, the 
United   at ions has recently published a new set of 
model stable populations corresponding to its new 
model life tables.?) Stable populations are presented for 
each of the five United Nations mortality patterns, for 
growth rates from 0.0 to 4.0 per cent by 0.5 per cent 
increments and for life expectancies at birth from 35 to 
75 years by one-year increments. Intrinsic birth and 
death rates are also presented. 

D. NUPTIALITY MODELS 

As mentioned in section A of this chapter, while 
studying first-marriage frequencies (the number of first 
mamages taking place in a short age interval divided by 
the number of persons in that interval) in different 
female populations (or, more precisely, in different 
female cohorts), coale2' discovered that they could all 

18 N. H. Carrier and J. Hobcran, op. cjr. 
l9 lRe Compt of a Stabk Popularion: Application to the Study ofpop- 

&ions o Counrrics nith 111compkfe &y hie Staristies. Po ulation 
Studiks d o. 39 (United  ati ions p u b ~ i c a t a ~ a l e s  NO. 6 5 . ~ l l f 3 ) .  

20 Stabk Populalions Compmdin to the New United Nations Model 
u/. ~bb~es/or ~kw~oping cowtt&s &T /ESA/S E R.R /u). . - 

-21 A. J. ~ o a i c ,  "Age patterns of marriage" 

be made to conform to a common standard pattern. 
The observed curves of first-mamage frequencies by age 
differed from one another only in the age at which mar- 
riage began, the rate at which mamages took place and 
the ultimate proportion that ever married. Therefore, a 
transformation of their origin, and of the horizontal and 
vertical scales, was all that was required to make them 
conform to a standard. Once a common pattern was 
discovered among the transformed distributions, a 
standard was calculated on the basis of period data from 
Sweden (1 865- 1869). The availability of this standard 
permitted the calculation of an empirical risk function 
R(x), whose values quantify the risk of marrying for the 
first time at each age. By trial and error, Coale 
discovered that a good fit to R(x) was obtained by the 
double exponential function 

R,(x)= 0.174 exp( -4.41 1 exp( -0.309~)). (D. 1) 

It was later proved22 that this standard risk function is 
closely approximated by the density function associated 
with an infinite sum of independent, exponentially dis- 
tributed random variables. The exact form of this stand- 
ard density function, g(x),  is 

The fit of this function to the empirical standard is just 
as good as that of a density corresponding to the sum of 
a normally distributed random variable and several 
independent, exponential delays, and equation (D.2) 
was adopted as a model because it is easier to handle 
mathematically. 

If the effect of differential mortality and migration by 
marital status on the proportion of women who have 
ever been married is neglected, the existence of a stand- 
ard curve of first-mamage frequencies implies the 
existence of a standard curve describing the proportions 
ever married by age for any given cohort. The shape of 
this curve is standard but, naturally, there are differences 
in the beginning age at mamage (the age at which mar- 
riages begin taking place among members of a cohort), 
in the pace at which the curve rises and in the ultimate 
proportion getting mamed (the proportion ever married 
by the age at which first-mamage rates have fallen 
essentially to zero). If one denotes by G,(x) the stand- 
ard proportion ever mamed x years after marriages 
begin, then G(a), the proportion married by age a in 
some true cohort, can be expressed as 

where 8 is the ultimate proportion ever married, a. is 
the age at which first marriages begin and y is the scale 

22 Ansley J. Coale and Donald R. McNeil. 'The distribution by a e 
of the f n  uency of firn maniage in a female coho*: Ioumal of& 
American ltntisrid ~ssacibtion, MI. 67, No. 340 (December 1972). pp. 
743-749. 



factor expressing the number of years of nuptiality in the 
given population which are equivalent to one year in the 
standard population. 

Since, mathematically, Gs(x) is just the integral of 
gi (x ), 

the density g (a )  associated with the cohort described 
above can be obtained from equations (D.3) and (D.4) 
by making a change of variable in the latter and substi- 
tuting in the former. The result implies that g(a)  has the 
form 

No analytical experssion for G(a) has been found, but 
its value for any age a can be calculated by the numeri- 
cal integration of g(a ), since 

The problem of fitting a model of the type defined by 
equation (D.5) to an actual population consists of identi- 
fying values of the parameters 8 ,  a. and y that ade- 
quately reflect the experience of the population in ques- 
tion. Approximate values for these parameters may be 
estimated from the knowledge of the proportions single 
classified by age. Normally, the proportion single in age 
group 50-54 may be considered an estimate of U(w), the 
proportion who never marry. Therefore, the proportion 
who will eventually marry, 8, may be estimated by: 

Furthermore, it is known that the mean of the fitted 
first-marriage schedule is a. + 1 1.37~. This mean, also 
known as the "singulate mean age of marriage", 
SMYM, can be estimated from the proportions single 
classified by age by a simple procedure first proposed by 
~ a j n a l ~ ~  and described in detail in annex I. Since 

used to estimate y. Once valum for 8 ,  a0 and y have 
been estimated, ~ o a l e ~ ~  providds tables that make the 
calculation of first-marriage frequencies and of the pro- 
portion ever married by age a simple matter. 

To conclude, it may be mentioned that although, 
strictly speaking, model (D.5) only describes the first- 
marriage experience of a cohort, in practice, the propor- 
tions of women who have ever been married observed 
during a given period may also be closely approximated 
by this model, particularly if marriage patterns have 
remained constant, but also, and more surprisingly, in 
cases where marriage patterns have been changing. 

E. FERTILITY MODELS 

1. Coale and TnrsseN model 

Louis  en$^ discovered that in populations where 
there is little or no voluntary control of fertility the age 
pattern of fertility within marriage is approximately con- 
stant. According to Henry, voluntary control is any 
behaviour affecting fertility that is modified as parity 
increases. He called "natural fertility", h (x), the fertility 
observed in the absence of control and was able to infer 
its general pattern from the study of several populations 
where voluntary fertility control was presumed absent. 
In these populations, the level of natural fertility varied, 
but its age pattern remained the same. Henry attributed 
level variations between populations to differences in 
overall health, the practice of breast-feeding and any 
other physical or social factors that might affect the mar- 
ital fertility experience of women irrespective of their 
parity. 

In 1974, Coale and ~ rus se l l*~  proposed a model that, 
by generalizing the pattern of natural fertility, was able 
to represent the fertility experience of populations where 
voluntary fertility control was exercised. This model is 
based on the following assumption: marital fertility 
either follows natural fertility (if deliberate birth control 
is not practised); or it departs from natural fertility in a 
way that increases with age according to a typical pat- 
tern. Therefore, if one denotes by + ( x )  marital fertility 
at age x and by h(x) natural fertility at the same age, in 
a population where fertility is controlled voluntarily, 

then 

y= (SMAM -ao)/l 1.37 0 9 )  

so that if both SMAM and a0 are known, y can be easily 
estimated. The estimation of a. is usually carried out in 
a very rough way. It is assumed that marriages in most 
developing countries begin early; and unless there is evi- 
dence to the contrary, a0 is selected to be 13 or 14 years. 
Values of 12 or I5 may also be used. The exact value of 
a. is generally not crucial. Equation (D.9) can then be 

23 John Hajnal. "Age at marriage and proportions marrying". Popu- 
lation Studies, vol. VII. No. 2 (Novemher 1953). pp. 1 1  1-136. 

where M is a parameter indicating the level of natural 
fertility that the population would experience in the 
absence of all voluntary control and 6(x ) is a function of 
age indicating the typical pattern of departure from 
natural fertility when voluntary control is exercised. 

By examining the function 6(x ) calculated for several 

24 A. J. Coale. "Age patterns of marriage" 
25 Louis Henry. "Some data on natural fertility". Eugenics Quarterlv, 

vol. VIII, No: 2 (June 1961). pp. 81-91, 
26 Ansley J. Coale and T. James Trussell. "Model fertility schedules: 

variations ~n the age structure of childbearing in human populations", 
Population Index, vol. 40. No. 2 (April 1974). pp. 185-258. 



populations, Coale and ~ ~ s s e l l ~ ~  found that it could be 
represented by 

where the function of v(x) was very nearly the same for 
different populations and the parameter m changed 
from population to population. They interpreted these 
results as meaning that v ( x )  represents the typical pat- 
tern of deviation from natural fertility when deliberate 
birth control is practised, while m measures the degree 
to which this control is practised. The final model of 
marital fertility arrived at is appealing both mathemati- 
cally and theoretically. I t  can easily be derived from 
equations (E. 1) and (E.2) and has the form 

where the index i is used in place of age x to indicate 
that, in general, only data refemng to five-year age 
groups are used. Values of the two functions h(i) and 
v(i) have been estimated, and are shown in table 3. 

TABLE 3. STANDARD PAWERN OF NATURAL FERTILITY AND OF DEVIA- 
TIONS FROM NATURAL FERTILITY. BY AGE GROUP. FOR THE COALE AND 
TRUSSELL FERTILITY MODEL 

Therefore, this model can be fitted to any population 
whose marital fertility rates are known by just identify- 
ing the values of the parameters M and m. Coale and 
~russell~* suggest two possible ways of estimating M 
and m . According to the first and simplest procedure, 

and 
7 

m = 0.2 2 ln[+(i )/Mh (i )I /y(i ). (E.5) 
i = 3  

That is, the level of marital fertility 'M is defined by the 
relation between the observed marital and natural fertil- 
ity rates at ages 20-24, at which ages voluntary control of 
fertility is deemed to have no effect on pattern; while m 
is just the mean of the m (i) values that can be estimated 
directly from the observed +(i ) once M is known. 

28 Ihid: and Anslev J. Coale and T. James Trussell. "Technical 

The second approach makes use of the following re- 
expression of (E.3): 

which clearly shows that the quantities ln(+(i)/h (i)) and 
v(i) are linearly related. Therefore, In(M) and m can be 
estimated by identifying the line that best fits 
the observed [In($(i )/h (i )), v(i )] points. Coale and 
~ r u s s e l l ~ ~  recommend the use of the least-squares 
method to fit this line and suggest that only the points 
corresponding to age groups from 20-24 to 40-44 (i 
ranging from 2 to 6) should be considered. 

Note that the values of the standard function v(i) 
indicating the pattern of deviations from natural fertility 
(cf. table 3) are all either negative or zero. Furthermore, 
the absolute value of v(i) increases as age increases. 
Therefore, a positive value of m indicates that in the 
population being studied marital fertility falls increas- 
ingly short of natural fertility as age increases (see figure 
8). A negative value of m would indicate, on the con- 
trary, that marital fertility is increasingly higher than 
natural fertility as age advances. If m = 0, natural fertil- 
ity and the marital fertility under observation follow the 
same pattern. 

Figure 8. Coale and Trussell fertility schedules: combinations of early 
marriage and various degrees of fertility control; and late marriage 
with the same degrees of fertility control 

Model (E.3) can be used not only to investigate the 
pattern of marital fertility that a population experiences 
but to generate model marital fertility schedules that can 
be very useful for simulation purposes. Yet, since in 

.. -. ............ ,~ - 
note: findin the two arameters that specify a model schedule of - 
marital fenifty", PopuLtion in&, vol. 44, No. 2 (April 1978). pp. 29 A. J.  Code and T. J. Trussell, "Technical note: finding the two 
202-213. parameten that specify a model schedule of marital fertility". 



many instances the function of interest is not marital fer- 
tility but overall fertility, the marital fertility model (E.3) 
may be combined with the nuptiality model described 
earlier (in section D) so that age-specific fertility, f (x ), 
can be obtained as 

where G(x) is the proportion mamed by age x defined 
by equations (D.5) and (D.6). 

Model (E.7) is a five-parameter model of overall fer- 
tility. Its parameters are: 8, the ultimate proportion that 
ever marries; ao, the age at which mamage begins; y, 
the pace at which mamage takes place; M, the overall 
level of marital fertility; and m ,  the degree of departure 
from natural fertility. Since 8 and M appear only as 
constant multipliers in G(x) and y(x), respectively, they 
determine the level off (x) and not its shape. The latter 
aspect is influenced only by the values of the three other 
parameters present. Coale and ~ r u s s e l l ~  constructed a 
set of model patterns of age-specific fertility f (x) by 
evaluating equation (E.7) for different values of ao, y 
and m.. The model fertility schedules generated in this 
way fit a wide range of observed fertility experience and 
permit the investigation of extreme patterns which have 
never or only rarely been accurately measured in prac- 
tice. 

2.  B r a  relational Govnpertz fertility model 
~ r a s s ~ '  has sought to reduce the number of parame- 

ters determining the shape of age-specific fertility from 
the three required by the Coale-Trussell models to two 
by postulating, once more, a relational scheme between 
a "standard" fertility schedule and any other schedule. 
Specifically, denoting by F(x) cumulated fertility up to 
age x and by TF total fertility, the ratio F(x)ITF, the 
proportion of total fertility experienced up to age x ,  is 
assumed to follow a Gompertz distribution function, 

the logarithm of a negative number is not defined. 
To simplify notation, one may denote the 
In(-ln(F(x )/TF)) transformation of F(x ) by r)(F(x)). 
Then equation (E.lO) becomes 

q(F(x))= In(-A )+Bx. (E. 1 1) 

This model, in which q(F(x)) is linear function of age, 
approximates the observed F(x)ITF ratios fairly well 
over the central ages of childbearing, but its fit 
deteriorates at the extremes. Brass discovered that a 
better fit can be obtained by substituting for the age 
variable x a function of x that can be interpreted as an 
q transformation of a specific, standard fertility 
schedule. According to this finding, the relation 
expressed in equation (E.11) can be transformed into 

rl(.F(x 1) = a +MF, (X 1). (E. 12) 

That is, the q transformation of the observed fertility 
schedule is a linear function of the q transformation of 
the standard. The parallel with the Brass logit life-table 
system is obvious; in both cases, a transformation that 
tends to linearize the distribution under consideration is 
used to relate any observed schedule to a standard pat- 
tern by the use of two constants. In the case of model 
life tables, the two parameters can be interpreted as 
determining the gene'ral level of mortality a d  the re- 
lationship between mortality early in life and that late in 
life. In the case of the relational fertility model, a in 
equation (E.12) can be taken as determining the age 
location of the fertility schedule or, more specifically, 
the age by which half of the total childbearing has 
occurred, while /I may be interpreted as determining the 
spread or degree of concentration of the schedule. (To 
see the effects that changes in a and /3 have on the shape 
of fertility schedules, refer to figures 9 and 10.) 

whose form is 
Figure 9. Fertility schedules generated through the 

F(x )ITF = exp(A exp(Bx )) (E.8) Gompertz relational model with p= 1.0 

where A and B are constants, A < 0. This expression 
,#-. 

can be reduced to a linear function of x by taking loga- o,oS \\ 

rithms (In) twice. The two steps necessary to carry out 
this transformation are 

ln(F(x )/TF)= A exp(Bx ) 

and 

In(-ln(F(x)/TF))=ln(-A)+Bx. (E.lO) 

A minus sign must be introduced when transfor 
equation (E.9) into (E.lO) because the quantity F(x 
is smaller than one; hence, ln(F(x)/TF) is negative and - - o = -0.25 - 0 = 0.0 ----- o = 0.25 

30 A. J. Coale and .T. J. Trussell. "Model fertility xhedules: varia- 
tions in the age st~cture of child bearing in human populations". 

31 William Bnss. 'The relational Gompcrtz model of fertility by 
af of woman", h d a  S c h d  of Hygiene and Tmpkal Medicine. 2s P 4s 
I 78 (mimeographed). MP * 



Brass derived an appropriate standard from the 
Coale-Trussell model 'schedules . Values of its q 
transformation for each age within the childbearing 

Figure 10 . Fertility schedules generated through the 
Cornpertz relational model with a = 0.0 

span are shown in table 4 . The Brass model is definitely 
easier to use than the one developed by Coale and 
Trussell. and may prove very useful for simulation and 
projection purposes . However. its development is still 
fairly recent and experience with its use is limited . 

TABLE 4 . VALUES OF THE TRANSFORMATION OF A 

STANDARD FERTILITY SCHEDULE . M0.r)) 

ADDITIONAL REFERENCES 

Cork . Ansley J . and T . James Trusscll . Erratum . Populo~ion in&x (London) 30( 1 ).59.76 . March 1976 . 
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Page. H . J . cudG . Wunrh . Parental survival data: some results o f  the Unpub i ied  doctoral dissertation . Princeton . New Jersey . Prince- 
application of Ledennann's model life tables . Population srdes ton University . 1974 . 



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. 

lbid 



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. 



Step 2: calculation of duration-speciJic 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 ,r(i). 
Thus, 

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, r(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 

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: 

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 occur. The first duration period 

is thus only 4.5 years; and at the beginning of it. cumu- 
lated fertility equals zero. Hence, for the first duration 
group, 04, G ( i )  is estimated by 

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: 

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 of reported average parity and average 
parity equivalents for duration-of-wriage 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 )lG(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- I 
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. i 
(c) A detailed example 

Data on children ever born and date of most recent 
I 



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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ES)TIMATION OF CHILD MORTALITY FROM INFORMATION 
ON CHILDREN EVER BORN AND CHILDREN SURVIVING 

A. BACKGROUND OF METHODS Brass found that the relation between the proportion 
of children dead, D(i), and a life-table mortality meas- 

1. Use of&ta on child survivorship ure, q ( x ) ,  is primarily influenced by the age pattern of 
It is well known that the proportions of children ever fertility, because it is this pattern that determines the dis- 

born who have died are indicators of child mortality and tribution of the children of a group of women by length 
can yield robust estimates of childhood mortality. The of exposure to the risk of dying. He developed a set of 
births to a group of women follow some distribution multipliers to convert observed values of D(i) into esti- 
over time, and the time since birth is the length of expo- mates of q(x ), the multipliers being selected according 
sure to the risk of dying of each person. The proportion to the value of P(I)/P(2)-a good indicator of fertility 
dead among the children ever borne by a group of conditions at younger ages-where P(i)  is the average 
women will therefore depend upon the distribution of parity or average number of children ever born reported 
the children by length of exposure to the risk of dying by women in age group i .  Brass estimated the k(i) mul- 
(that is, upon the distribution in time of the births) and tipliers by using a third-degree polynomial of fixed 
upon the mortality risks themselves. BY allowing for the shape but variable age location to represent fertility? the 
effects of the distribution of the births in time, such a togit system generated by the general standard (see 
proportion of dead children can be converted into a chapter I, subsection B.4) to provide the mortality ele- 
conventional mortality measure expressing their average ment, and a growth rate of 2 per cent per annum to gen- 
experience. Specifically, the proportions of children erate a stable age distribution for females. 
dead claSSified the mother's five-~ear age group Or An important =umption made in the development of duntion of mamag provide estimates of the proC this method is that the risk of dying of a child is a func- abilities of betwen birth and various tion only of the age of the child and not of other factors, In certain culturn to be such as mother's age or the child's birth order. In prac- 
likely to Of mamabe than to give tice, it appears that children of young mothers experi- comet infomation about 'ge* x, the estimation ence momlity risks well above average. For this r e a m  
pmadure On data by mar- the estimate of the infant mortality rate p(l) (the proba- 

be prefemd' However' the use Of data bility of dying before age 1) that can be derived from classified by duration is not recommended in countries of aged 15-19 fmluently susesk heavier where oonsemua' unions am 'quent and mhtivel~ child momlity than derived from mpoa  of 
unstable. older women. Therefore, mortality estimates based on 

Bras' was the first to a prwedur con- the reports of women aged 15-19 are generally disre- 
verting proportions dead children ever born =ported garded, in part for this reason and in part because the 
by in age groups 20-249 etc. into estimates numbers of children born and dead are usually small. 
of the probability of dying before attaining certain exact 
c ~ l d h d  ages. ~ ~ l l ~ ~ i ~ ~  the nomtion in he litenam Trying to increase the flexibility of Brass* original 
and dng the symbol D ( ~ )  to denote the method. Sullivan' computed another set of multipliers 
dead among children ever born to women in succesive by using least-quares regression to fit equation (A.0 to 
five-year age (where = 1 aignifia age group data generated from observed fertilit schedules and the Y 
15-19: i = 2 denotes 2044; etc.), B~~ developed a pro- Coale-Demeny life tables? Trussell estimated a third 
cedure to convert D(i ) values into estimates of q(x ), set of multipliers by the same means but using data gen- 
where q(x)= l . ~ - l ( ~ ) ,  the probability of dying erated from the model fertility schedules developed by 
between birth and exact age x. The basic form of the 
estimation equation proposed by Brass is William Brass Merirodsfir fitlmatin Fertility and Momlity fmm 

United and lkjktive h a  (Chapel tiiff, North Carolina. Carolina 

q(x)= k(i) D(i) Po ulrtion Center, Laboratories for Population Statistics, 1975). 
( I )  rJermiah M. Sullivan. "Models for the estimation of the pmbabili- 

ty of dying between birth and exact ages of early childhood '. Popula- 
where the multiplier k (i ) is meant to adjust for non- tion Studies. vol. XXVI. No. I (Mach 1972). pp. 79-97. 

mortality factors determining the value of D(i ). ' Ansley J. Coale and Paul Demeny. R e g i o ~ l  Model Li/c Tables and 
Stabfe Popukr~ioonr (Princeton. New Jeney. Princeton University Press 
1966). 

I William Brass. "Uses ofcensus or survey data for the estimation of T. lames Tnrsseli. "A R-estimation of the multiplying factors for 
vital ntes" (E/CN.14/CAS.4/V57), aper prc arcd for the African the Brass technique for determining childhood survivorshi rates". 
Seminar on Vital Statistics, ~ d d i s  ~ b a g a .  14- 19 becember 1964. Population Sfudies, vol. XXIX. No. I (March 1975). pp. 97-10!. 
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Coale and ~russell! The general theow on which these 
methods are based is eskntiallv the'same. but thev 
arrive at somewhat different r n ~ l t ~ ~ l i e r s  because the dati 
bases used in each case are different. Since the Sullivan 
variant has no obvious advantages over that proposed 
by Trussell. whereas the latter is based on a wider range 
of cases, the Trussell procedure is described here. It 
must be mentioned, however, that the multipliers 
presented are a more recent and more satisfactory ver- 
sion of those originally proposed by Trussell in 1975. 

It is important to take note that this method of estima- 
tion is based on the assumption that fertility and child- 
hood mortality have remained constant in the recent 
past. If, for example, fertility has been changing, the 
ratios of average parities obtained from a cross-sectional 
survey will not replicate accurately the experience of 
any cohort of women and will not provide a good ~ndex 
of the distribution in time of the births to the women of 
each age group. 

The problems caused by declining fertility can be 
avoided when data for true cohorts are available (from 
censuses or surveys taken five or 10 years apart). In this 
case, an estimation method specifically designed for 
cohorts experiencing fertility change should be used? 

Preston and ~alloni' propose an alternative approach 
to estimate the time location of births, which circum- 
vents all the problems associated with changing fertility. 
This approach is closely related to the "own-children" 
procedure for estimating fertility from an age distribu- 
tion (see chapter VIII, section C). If it is possible to link, 
within households, the records of mothers and their sur- 
viving children, it becomes possible to tabulate surviving 
children according both to their own age and to that of 
their mothers. Given an age pattern of mortality, say, 
from one of the Coale-Demeny regional model life 
tables, the combination of the proportion of children 
dead and the age distribution of the surviving children 
of women from some particular age group uniquely 
determines a level of mortality. The age distribution of 
surviving children is used to define the age distribution 
of children ever born without recourse to fertility 
models. In an actual application, the choice between the 
age distribution of surviving children and the ratio of 
consecutive parities to estimate the real distribution of 
births over time, depends upon data availability and 
upon a rough assessment of the likelihood each 
approach has of yielding the best possible estimate. In 
cases where age-reporting is good and most children live 
with their mothers, the approach suggested by Preston 
and Palloni may be the better, particularly if fertility is 
changing. In cases where age-reporting or completeness 
of enumeration is poor, or where a sizeable proportion 

Ansley J. Coale and T. James Trussell, "Model fertility schedules: 
variations in the age structure of childbearing in human populations". 
Po ulorion Index, vol. 40. No. 2 (April 1974). pp. 185-258. 

'Phis method is presented in r t i o n  E and it uses the estimation 
equations and coefficients given in tables 70-7 1. ' Ssmuel H. Preston and Alberto Palloni, "Fine-tuning Brass-ty 
mortalit estimates with data on a ea of surviving children". PoPuE 
6on d c r i w  o the United Nations, k 104977 (United Nations publi- 1$ cation, Sala o. E.78.Xl11.6). pp. 72-87. 

of children do not live with their mothers or cannot be 
properly linked to them because of poor information, 
the parity-ratio approach is very likely to be better. A 
detailed description of the Preston-Palloni method is not 
included here, in part because in most cases where mor- 
tality needs to be estimated indirectly, age distributions 
are at best only moderately reliable, and in part because 
the data required for its application are not as widely 
available as the proportions of children dead. However, 
the user who has access to the former data for cases 
where biases due to fertility change may be a problem is 
encouraged to consider the application of this method. 

Probably a more widespread problem is posed by de- 
clining mortality. The procedures outlined above all 
assume that a constant pattern and level of mortality 
have prevailed in the recent past of the population under 
study. In most countries, however, mortality has been 
declining. 

~ e e n e ~ ~  was the first to examine the effects of chang- 
ing mortality on the performance of the child-mortality 
estimation procedure. Using infant mortality as an 
index of mortality level in a one-parameter logit life- 
table system, he calculated the proportions of children 
dead that would be observed if infant mortality were 
changing linearly through time. On the basis of these 
simulated cases, he showed that for plausible annual 
rates of change in infant mortality, the q(1) values 
estimated from data on children ever born and surviving 
for different age groups of mother could be matched 
with the q(1) values prevalent during a set of years 
before the survey; and that this set of years was, for all 
practical purposes, invariant with respect to the rate of 
mortality change. Using this empirical finding, Feeney 
developed an estimation procedure to establish the set of 
years to which infant mortality rates estimated from data 
on children ever born and children surviving refer. This 
procedure was developed from data generated by using 
a one-parameter logit life-table system derived from the 
general standard (see cha ter 1, subsection B.4) and the 
Brass fertility The use of g(l), infant mor- 
tality, as an indicator of mortality level and as the 
estimated parameter makes the underlying age pattern 
of mortality important to the results, since similar 
overall levels of mortality (life tables with the same 
expectation of life at birth, for example) can be associ- 
ated with markedly different infant mortality rates. As a 
result, the Feeney method is likely to yield biased q(1) 
estimates when the mortality pattern in early childhood 
of the population under study does not resemble that 
embodied 'by the general standard. For this reason, 
Feeney's original method is not described in detail. 

It is fairly straightforward to apply Feeney's approach 
to data generated with other mortality models. Coale 

Griffith Feeney. "Estimating infant mortality rates from child sur- 
vivorship data by age of mother". Asian and Pacc Census Neu~Ie~ler. 
vol. 3. No. 2 (November 1976). p. 12-16: and &fith Feene . "Er 
timating infant mortalit trends %m child survivorship dutr". b@u- 
lion Srudies, vol. XXXIJ, No. I (March 1980). p p  109-128. 

lo W. Brass. Mc~hads/or fiiimaaring FcrtiIity and Morroli!r fkq~ Lima; 
ired and Drfitiw &fa. 



and ~russell" carried out this exercise by assuming that 
period mortality changes can be modelled as movements 
through successively higher (or lower) levels of a set of 
model life tables, so that cohort life tables may be 
obtained by chaining together the mortality rates experi- 
enced by true cohorts living through the different 
periods. In this case, it can also be shown empirically 
that the child mortality estimate of the Brass type 
obtained from data for women in age group i ,  for exam- 
ple, is equal to the corresponding value prevalent during 
some particular period t ( x )  years before the survey, and 
that this period is, for most practical purposes, invariant 
with respect to the speed of mortality change, so long as 
the rate of change is roughly constant over time. 
Because these time-location estimates have been derived 
in a manner that is consistent with that used in deriving 
the Trussell multiplying factors employed in estimating 
child mortality in this chapter, this timing procedure is 
described here. 

An alternative solution to the problem of declining 
mortality is possible if data on children ever born and 
surviving are available from two surveys taken five or 10 
years apart. It arises, once again, from the use of a 
hypothetical cohort representing the intersurvey experi- 
ence; and it provides mortality estimates that refer to the 
intersurvey period. This estimation approach is not sen- 
sitive to the exact shape of mortality changes, but 
changes in the completeness of reporting of dead chil- 
dren from one survey to the next or population changes 
that are selective for the number of dead children may 
seriously affect the results. 

To conclude these preliminary remarks on the 
methods presented in this chapter, it should be pointed 
out that for several of them two variants are presented: 
one variant to be applied when data on children ever 
born and surviving are classified by age of mother; and 
another when they are classified by duration of first mar- 
riage. The variants based on data classified by duration 
of marriage are, strictly speaking, based on the assump- 
tion that women, once mamed, stay mamed until age 50 
(the assumed upper limit of the potential reproductive 
life of a woman). Therefore, the duration-based 
methods should strictly be applied only to data from 
currently mamed women still in their first union. How- 
ever, in practice, no serious biases will arise when they 
are applied to data pertaining to all ever-married 
women, as long as their marriage duration is calculated 
as the time elapsed since first marriage. 

As a last word of caution, it must be said that the per- 
formance of the duration variants of these methods can 
be rather poor when "duration" is not accurately 
measured. Problems in the measurement of this variable 
have been described in chapter 11, subsection A.2, and 
are only briefly cited now. Duration of marriage is 
defined as the time elapsed since first union, regardless 
of whether that union is legal. Data on duration of mar- 

I 1  Ansley J .  Coale and James Trussell. "Estimating the time to 
which Brass estimates apply". annex I to Samuel H. Preston and Al- 
berto Palloni. "Fine-tuning Brass-type mortality estimates with data 
on ages of surviving children", Population Bulletin of the United Na- 
tions, No. 10-1977, pp 87-89. 

riage will be less than ideal when only legal unions are 
considered; when the time elapsed is not measured from 
the beginning of the first union, but rather from that of 
the current union; or when, as in some Muslim cultures, 
the entrance into a legal mamage predates the initiation 
of cohabitation. In populations where these problems 
are likely to arise, the duration variant should not be 
used. 

2. Organization of this chapter 
All the estimation procedures presented in this 

chapter have one characteristic in common: they use 
data on children ever born and surviving. However, the 
methods can be separated into categories according to 
the exact type of data they require (whether classified by 
age or by duration of mamage, for example), or accord- 
ing to the practical constraints that their assumptions 
impose (whether fertility is assumed to be constant or 
not). Sections B-E are devoted to the different 
categories. To aid the user in selecting that most suited 
for a particular application, brief descriptions of each 
section follow (see also table 46): 

Section B. Erlimation of child mortality using &ta 
clars~jied by age. In this section, the most recent version 
of the original Brass estimation procedure is presented 
(Trussell's method). Estimates of q(2), q(3). q(5). q(10). 
q(15) and q(20), as well as of the periods to which they 
refer in cases where a smooth change in mortality can be 
assumed, are obtained from data on children ever born 
and surviving classified by age of mother. Fertility pat- 
terns are assumed to remain constant; 

Section C. Ertimation of child mortality wing &la 
clarsijied by duration of -age. In this section, a variant 
of the original Brass method that may be applied to data 
classified by duration of first marriage is presented. Esti- 
mates ofq(21, q(3), q(5). q(10), q(15), q(20) and q(251, 
as .well as of the periods to which they refer in cases 
where a smooth change in mortality can be assumed, are 
obtained from data on children ever born and surviving 
classified by the mother's marriage duration. Marital 
fertility patterns are assumed to remain constant; 

M i o n  D. Ertimation of intersumy child mortality using 
&fa for a hypothetical intersurvey cohort. In this section, 
data from two censuses or surveys five years apart are 
used to estimate average intersurvey child mortality. 
The use of hypothetical cohorts circumvents the neces- 
sity of assuming that fertility and mortality have 
remained constant. Therefore, if the data at the two 
points in time considered are similar in quality and 
moderately reliable, intersurvey estimates are to be pre- 
ferred over those derived by other means; 

Section E Estimation of child mortality when the fertil- 
ity exwence of true cohorts is known. In this section, 
data from two censuses or surveys five or 10 years apart 
are used to determine the parity ratios for true cohorts; 
and these ratios, in turn, are employed in estimating 
child mortality from data collected by the second census 
or survey. Both an age and a duration variant are 
described in subsection E.2. The time location of the 
child mortality estimates obtained is also estimated and 
constant fertility is not assumed. 
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B. Estimation of child mortal- 
ity rates using data 
classified by age (one 
 SUN^)') 

C. Estimation of child mortal- 
ity using data classified 
by duration of marriage 
(one survey) 

D. Estimation of intersurvey 
child mortality using 
data for a hypothetical 
intersurvey cohort (data 
by age from two surveys 
five years apart) 

E. Estimation of child mortal- 
ity when the fertility ex- 
perience of true cohorts 
is known 

Wo/~gu* 
Children ever born classified by 

five-year age group of mother 
Children surviving (or dead) 

classified by five-year age 
group of mother 

Women classified by five-year 
age group 

Children ever born classified by 
five-year duration of marriage 
group of mother 

Children surviving (or dead) 
classified by five-year duration 
of marriage group of mother 

Ever-married women classified 
by five-year duration of mar- 
riage group 

Children ever born classified by 
five-year age group of mother 
from two surveys or censuses 
five years apart 

Children surviving (or dead) 
classified by five-year age 
group of mother from two sur- 
veys or censuses five years 
apart 

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

Children ever born classified by 
five-year age (duration) group 
of mother from surveys or cen- 
suses five or I0 years apart 

Children surviving (or dead) 
classified by five-year age 
(duration) group of mother 
from the second survey or 
census 

Women (ever-married women) 
classified by five-year age 
(duration) group 

B. ESTIMATION OF CHILD MORTALITY RATES 
USING DATA CLASSIFIED BY AGE 

The data required for this method are listed below: 
(a )  The number of children ever born, classified by 

sex (see note) and by five-year age group of mother; 
(b) The number of children surviving (or the number 

dead), classified by sex (see note) and by five-year age 
group of mother; 

(c) The total number of women (irrespective of mari- 
tal status), classified by five-year age group. Note that 
all women, not merely ever-mamed women, must be 
considered. 

Note should be taken also that classification by sex for 

-ycnmr 
q(2). q(3). q(5). q( 10). q( 15) and 

q (20) 
Reference period for each q(x) 

estimate 

q(2). q(3). q(S). q(10). q(l5). 
q(20) and q(25) 

Reference period for each q(x) 
estimate 

Intersurvey estimates of q(2). 
q(3). q(5). q(10). q(15) and 
q(20) 

q(2). q(3). q(5) and q( 10). and 
their time reference periods 
when data are classified by age 
and surveys are five years apart 

q(3). q(5) and q(10) with refer- 
ence periods when data are 
classified by age and surveys 
are 10 years apart 

q(3). q(5) and q(10) with refer- 
ence penods when data are 
classified by duration and sur- 
veys are five years apart 

q(5) and q(10) with reference 
periods when data are 
classified by duration and sur- 
veys are 10 years apart 

children ever born and surviving is desirable, not essen- 
tial. If it is available, child mortality for each sex can be 
estimated separately; whereas if it is not available, esti- 
mates for each sex can only be obtained by assuming 
that the sex differentials in the population being studied 
are the same as those embodied by model life tables 
whose mortality level is consistent with the estimated 
child mortality of both sexes, or by making some other 
assumption about the relationship between male and 
female child mortality. 

When data on children ever born are classified by sex, 
their consistency may be ascertained by computing the 
sex ratios (defined as the average number of male chil- 
dren per female child) of children ever born by age of 
mother. Ideally, these sex ratios should not vary sys- 
tematically with age and their values should be between 



1.02 and 1.07. Studies made in countries when birth 
regiitration is fairly complete have shown that the sex 
ratio at birth is remarkably constant and that its usual 
value is around 1.05 males per female. In populations 
originating in Africa south of the Sahara, this value 
appears to be closer to 1.03. In either case, however, its 
constancy and the fact that women are supposed to 
declare all the children they have ever borne alive, 
whether these children survived or not, allows a simple 
consistency check. In populations other than those orig- 
inating in sub-Saharan Africa, sex ratios higher than 
1.07 or lower than 1.02 suggest differential omission of 
females or males, respectively, or misreporting of the sex 
of the reported children. 

2. Computationalprocedure 
The steps of the computational procedure are 

described below. 
Step 1: calculation of awmge parity per wman. Parity 

P(1) refers to age group 15- 19, P(2) to 20-24 and P(3) to 
25-29. In general, 

where CEB(i) denotes the number of children ever 
borne by women in age group i ;  and FP(i) is the total 

number of women in age group i ,  irrespective of their 
marital status. Recall that, following the usual conven- 
tion, variable i refers to the different five-year age 
groups considered. Thus, the value i = 1 represents age 
group 15-19, i = 2 group 20-24 and so on. The treat- 
ment of women whose parity is not stated is discussed in 
chapter 11, subsection A.2, and annex 11. In general, if 
the El-Badry technique for estimating w e  non-response 
cannot be applied, women of unstated parity should be 
included in the female population denominator when 
calculating average parity, since childless women are 
often misclassified as cases of non-response. 

Step 2: calcuIation ofproportion of childnn de4d fw each 
age group of mother. The propol-tion of children dead, 
D(i), is defined as the ratio of reported children dead to 
reported children ever born, that is, 

where CEB(i ) is defined as in step 1 ; and CD(i ) is the 
number of children dead reported by women in age 
group i . 

Step 3: calculation of muItipIiers. Table 47 presents the 
estimation equations and the necessary coefficients to 
estimate the multipliers, k(i), according to the Trussell 
variant of the original Brass method. A different set of 

 TABLE^^. COEFFICIENTS FOR ESTIMATION OF CHILD MORTALITY MULTIPLIERS. 
TRUSSELL VARIANT. WHEN DATA ARE CLASSIFIED BY AGE OF MOTHER 

North ....... 15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 

South ....... 15-19 
20-24 
25-29 
30-34 
35-39 
4-44 
45-49 

East ....... . . . 15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 

West ......... 15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 

Estimation equations: 
k ( i ) = a ( i ) + b ( i )  (P(I)lP(2))+cfi)(P(Z)lP(3)) 

' Ralio or probability of dying to proportion of children dead. This ratio is set equal to the multiplier 
k ( i ) .  



coefficients is provided for each of the four different 
families of model life tables in the Coale-Demeny sys- 
tem. 

Step 4: calculation o f p d d i l i t i e s  4dying and of surviv- 
ing. Estimates of the probability of dying, q ( x ) ,  are 
obtained for different values of exact age x as the prod- 
uct of the reported proportions dead, D(i) ,  and the 
corresponding multipliers, k ( i ) .  Note that the value of 
x is not generally equal to that of i , because x is related, 
in broad terms, to the average age of the children of 
women in age group i . 

Once q ( x )  is estimated, its complement l ( x ) ,  the 
probability of surviving from birth to exact age x ,  is 
readily obtained as I(x ) = 1.0 -q (x  ). 

Step 5: calculation 4 mfemnce period. As explained 

earlier, when mortality is changing smoothly, the refer- 
ence period, t ( x ) ,  is an estimate of the number of years 
before the survey date to which the child mortality esti- 
mates, q ( x ) ,  obtained in the previous step refer. The 
value of t ( x )  is also estimated by means of an equation 
whose coefficients were estimated from simulated cases 
by using linear regression. The equation used in this 
case is presented in table 48 together with a set of values 
for its coefficients. 

3. A detailed example 
The data shown in table 49 were gathered by a survey 

carried out in Panama between August and October 
1976. They are used to illustrate the method just 
described. However, before proceeding with the estima- 
tion of child mortality, a quick check of the consistency 

 TABLE^^. COEFFICIENTS FOR ESTIMATION OF THE REFERENCE PERIOD,I(X)~ TO WHICH 
THE VALUES OF Q(X) ESTIMATED FROM DATA CLASSIFIED BY AGE REFER 

A@ I d x  A@ Avmtu - C Q ~  

77 i u~hwfe di) b(i) r(r) i;, (1) (3) (5) - (6) f 7) (8) 

North ....... 15-19 I I q ( l )  1.092 1 5.4732 - 1.9672 
20-24 2 2 q ( 2 )  1.3207 5.375 1 0.2 133 
25-29 3 3 q ( 3 )  1.5996 2.6268 4.3701 
30-34 4 5 q ( s )  2.0779 - 1.7908 9.4 126 
35-39 5 10 q(1O) 2.7705 -7.3403 14.9352 
40-44 6 IS q ( l s )  4.1520 - 12.2448 19.2349 
45-49 7 20 q(20)  6.%50 - 13.9160 19.9542 

South ....... 15-19 I I q ( l )  1 .O900 5.4443 -1.9721 
20-24 2 2 9 0 )  1.3079 5.5568 0.202 1 
25-29 3 3 q ( 3 )  1.5173 2.6755 4.747 1 
30-34 4 5 q ( 5 )  1.9399 -2.2739 10.3876 
35-39 5 10 q(10)  2.6157 -8.4819 16.5153 
40-44 6 15 q ( l s )  4.0794 - 13.8308 21.1866 
45-49 7 20 q(2O) 7.1796 - 15.3880 2 1.7892 

East ...... .. .. 15-19 1 I q ( l )  1.0959 5.5864 - 1.9949 
20-24 2 2 q ( 2 )  1.292 1 5.5897 0.363 1 
25-29 3 3 q ( 3 )  1 .SO2 1 2.4692 5.0927 
30-34 4 5 q ( 5 )  1.9347 -2.6419 10.8533 
35-39 5 10 q(  10) 2.6197 -8.9693 17.098 1 
4044 6 15 q ( l s )  4.1317 - 14.3550 2 1.8247 
45-49 7 20 q(20)  7.3657 - 15.8083 22.3005 

West ......... 15-19 I I q ( l )  1.0970 5.5628 - 1.9956 
20-24 2 2 q ( 2 )  1.3062 5.5677 0.2962 
25-29 3 3 9 0 )  1.5305 2.5528 4.8962 
30-34 4 5 q ( 5 )  1.999 1 -2.4261 10.4282 
35-39 5 10 q(10) 2.7632 -8.4065 16.1787 
4044 6 I5 q ( l 5 )  4.3468 - 13.2436 20.1990 
45-49 7 20 q(2O) 7.5242 - 14.2013 20.0 162 

Estimation equation: 

' Number of  years prior to the survey. 

TABLE@. CHILDREN EVER BORN AND CHILDREN SURVIVING. 
BY SEX AND AGE OF MOTHER. PANAMA. 1976 



of the data presented is camed out by computing the sex 
ratios of the number of children ever born. Column (7) 
of table 49 shows these ratios. They are computed by 
dividing the number of male children ever born by the 
corresponding number of female children. As an exam- 
ple, for age group 20-24, the sex ratio is 

and the overall sex ratio is 

The sex ratios given in column (7) of table 49 fluctuate 
somewhat by age of mother but show no systematic 
trend, and the overall sex ratio is acceptably close to the 
expected value of 1.05. Furthermore, since some varia- 
tion of the sex ratios by age is expected because of the 
relatively small sample being considered, it is concluded 
that this test shows no clear deficiency in the data. 

Step I: calculation of m g e  ponponty per woman. Aver- 
age parities P(1), P(2) and P(3) are calculated by divid- 
ing the number of children ever born of each sex 
(appearing in columns (3) and (5) of table 49) by the 
total number of women (column (2) of that table). Thus, 
for example, Pm (I), the mean number of male children 
ever borne by women aged 15- 19 is 

The complete sets of Pm (i) and Pf (i) values are 
shown in columns (3) and (4) of table 50. 

Note that the values of P(i) for both sexes combined 
are just the sum of Pm (i) and Pf (i), the mean number of 
male and female children, respectively, born to women 
of age group i . 

TABLE 50. AVERAGE PARITY PER WOMAN, BY SEX OF CHILD AND 
AGE OF MOTHER. PANAMA, 1976 

To calculate the D(i) values for both sexes combined, 
the deaths have to be added and then divided by the 
total number of children ever born (sum of males and 
females). Hence, D, (I)  for both sexes would be 

Table 51 shows a complete set of the proportions of 
children dead. 

TABLE 5 1. PROFORTIONS OF CHILDREN DEAD. BY SEX OF CHILDREN AND 
AGE OF MOTHER. PANAMA. 1976 

Step 3: calculation of mult@liers. The multipliers, k (i), 
required to adjust the reported proportion dead, D(i), 
for the effects of the age pattern of childbearing are cal- 
culated from the ratios P(l)/P(2) and P(2)/P(3), by 
using the equation and the coefficients listed in table 47. 
Thus, 

It is assumed that the West family of model life tables is 
an adequate representation of mortality in Panama, so 
values of a(i), b(i) and c(i) are taken from the bottom 
panel of table 47. Given the values of P(l), P(2) and 
P(3) shown in table 50, values of k(i) can be calculated 
for each sex and for both sexes combined. The full set 
of k(i) values is shown in table 52. As an example, the 
multiplier for the male children of women aged 20-24 
(i = 2) is 

TABLE 52. TRUSSELLS MULTIPLIERS FOR CHILD MORTALITY ESTIMATION. 
WEsr MODEL; PANAMA. 1976 

A& InLx  M u f i ~ I m  kfl) fa: 

77 i mkJ F d  Mua 
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Step 2: calcularion of proporrion of chilbn d e d  for 
each age group of mother. The values of this proportion, 
D(i), are computed from table 49 by dividing the 
number of children dead of each sex, given in columns 
(4) and (6), by the children ever born of the correspond- 
ing sex, shown in columns (3) and (5). Thus, Dm (I), the 
proportion of male children dead among those ever 
born to women aged 15- 19 is 

Dm (I)= 24/278 = 0.0863. Step 4: calculation of probabjlities of dying and of mrviv- 



TABLE 53. Emrum OP W O M B U m E S  OP DYlNO AND OF WRVIVINO. BY SEX DERIVED FROM 
CHILD SURVIVAL DATA CLASSIFIED BY AOE OF MOTHPA, WBIT MODEL: PANAMA. 1976 

ing. The estimated values of the probabilities of dying, 
q(x), are now calculated by multiplying the k ( i )  values 
appearing in table 52 by the corresponding proportions 
dead, D(i) ,  given in table 51. A complete set of q(x) 
estimates is shown in table 53. As an example, the value 
of qy (5) is obtained as follows: 

Since every q(x) value is the probabilistic comple- 
ment of the probability of surviving, I(x), the latter 
value can be obtained by subtracting the former from 
1.0. Thus, 

In table 53, every q(x) value is accompanied by its 
corresponding I(x ) value. 

Step 5: calculation of reference period. Since mortality 
is not liely to have remained constant in Panama until 
1976, it is useful to know the reference period, t(x), of 
each q ( x )  estimate. The values of the ratios P(l)lP(2) 
and P(2)/P(3) that are needed to estimate t (x) have 
already been computed in step 3. The form of the esti- 
mation equation and the values of the coefficients 
needed to estimate t(x) are obtained from table 48, 
again assuming a West mortality pattern. The value of 
r /  (3) is calculated here as an example: 

Thus, the estimated qf (3) value of 0.0595 is similar to 
that corresponding to the period life table in operation 
4.24 years before the date of the survey, which may itself 

be regarded as the average date of interview. Since the 
survey took place between August and October 1976, in 
rough terms ~ ( 3 )  refers to mid-1972. The complete set 
of estimated t (x ) values is presented in table 54. 

Note that the t(x) values imply that the estimates of 
q(l), q(2), q(3) and q(5) obtained above refer to mortal- 
ity conditions prevalent approximately one year, hvb 
and one-half years, four and one-half years and six and 
one-half years before the survey, respectively; thematter, 
the estimated values of t(x ) increase by some two and 
one-half to three years per age group. These values 
appear to be quite consistent with the notion that 
because the estimate of q(2), for example, is based 
mainly on information corresponding to women aged 
20-24, whose childbearing experience is relatively 
recent, the q(2) estimate should also refer to the recent 
experience of the population. The plausibility and con- 
sistency of the values oft (x) is reassuring. They provide 
important information for the study of child mortality 
trends over time. 

4. Comments on the &tailed example 
The calculation of the sex ratios of children ever born 

by age group of mother did not reveal any irregularities 
that could not be explained by the small numbers 
involved in most cases. Another way to assess the qual- 
ity of the data on children ever born is by examining the 
behaviour of the average parities reported by women of 
each age group. Unless fertility rose at some time in the 
past, average parities should increase with age up to age 
group 45-49. According to this rough test, data for 
Panama again appear to be satisfactory,. although the 
very small increase in parity from ages 40-44 to ages 45- 
49 is somewhat suspicious (the average number of male 
children actually declines slightly). It is of interest to 
examine the parities because any omission of children 

TABLE 54. ESTIMATES OF THE REFERENCE PERIOD' TO WHICH THE ESTIMATED PROBABILITIES 
OF DYING REFER. WEST MODEL; PANAMA. 1976 

Number of years prior to the survey. 
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ever born might be made up disproportionately of dead 
children, thus greatly affecting the proportion dead. In 
the case in hand, the parity data show no clear evidence 
of omission. The proportions of dead children increase 
rapidly with age of mother, especially above age 35, if 
one ignores the value for women aged 15-19 (this value 
is almost always out of line with subsequent values, 
probably because the children of young women are, in 
fact, subject to higher mortality risks); these proportions 
thus give no indication of increasing omission of dead 
children as age rises. The very rapid increase in the pro- 
portions dead with age of mother suggests that a combi- 
nation of effects is in operation: an increasingly longer 
average exposure to the risk of dying of the children and 
considerably higher child mortality from 10 to 15 years 
before the survey. 

One simple way of exploring the consistency of the 
mortality estimates obtained by this method is to convert 
them into mortality levels in the Coale-Demeny system, 
in order to compare the age pattern of the estimates 
obtained with that of the models. When estimates are 
available by sex, it is worth calculating the mortality lev- 
els associated with the q(x) estimates for each sex. 
Table 55 shows the levels, as derived from the West 
model life tables by interpolating between the values of 
tables 236 and 237 (see annex VIII); levels for both sexes 
are not shown, since, being effectively averages of the 
levels for the two sexes individually, they would not con- 
tribute any more information. 

TABLE 55. MORTALITY LEVELS IN THE WEST MODEL LIFE TABLES CON- 
SInENT WITH THE CHILDHOOD MORTALITY ESTIMATES. 9 ( ~ ) .  PANAMA, 
1976 

As an example, the level consistent with the estimated 
q(2) for females is calculated here. According to table 
53, (2) is equal to 0.0440 and the corresponding l(2) is 
0.95 % . Since only l(x) values are tabulated in table 236 
in annex VIlI (females, model West), this last value is 
used for interpolation purposes. In the column labelled 
'tl(2)" in table 236, the two values that enclose the 
observed l(2) are 120(2)= 0.95392 and lZ1(2)= 0.96559 
(the l(2) values at levels 20 and 2 1, respectively). There- 
fore, the interpolation factor 8 is 

and because the distance between levels 20 and 2 1 is just 
one, the level consistent with qj(2) is 20.178 or 20.2 
when rounded. All other values shown in table 55 are 

obtained in a similar way. For a detailed explanation of 
the procedure for linear interpolation, see annex IV. 

An examination of the levels displayed in table 55 
shows that, as mentioned above, the estimates of g(l) 
imply relatively high mortality (they are associated with 
relatively low levels in the Coale-Demeny models) and 
should not be considered. Making some allowance for 
the random variation inherent in any measure derived 
from probability samples, the remaining estimates of 
level decline steadily as age of mother rises, strongly 
suggesting that child mortality has been falling. Further- 
more, the estimates of level are fairly consistent for the 
two sexes, indicating that child mortality differentials by 
sex in Panama are rather similar to those embodied in 
the West model life tables. Note that in table 55, 
referencedate estimates calculated by subtracting the 
r(x) estimates given in table 54 from 1976.7 (the average 
date of the survey) are also shown. These estimates, in 
conjunction with the mortality levels, can be used to 
determine the trend of child mortality through 'time, 
especially because neither the data nor the results of 
their analysis reveal any obvious problems. 

C. ESTIMATION OF CHILD MORTALITY USING DATA 
CLASSIFIED BY DURATION OF MARRIAGE 

The data required for this method are given below: 

(a) The number of children ever born classified by 
sex (see the note below) and by the mother's five-year 
duration-of-mamage group. Duration of marriage is 
defined as the time elapsed since entry into first union, 
regardless of whether this union is legal; 

(b) The number of children dead classified by sex 
(see the note given below) and by the mother's five-year 
duration-of-marriage group; 

(c) The total number of ever-married women in each 
five-year mamageduration group. (The term "ever- 
married" means, in this instance, having entered into at 
least one union.) 

As in the case of data classified by mother's age, note 
should be taken that the classification of children ever 
born and children surviving by sex is desirable, but not 
necessary. If it is available, child mortality for each sex 
can be estimated separately; otherwise, estimates by sex 
may be imputed by assuming that a certain mortality 
model represents the mortality pattern of the population 
being studied. .When a classification by sex is available, 
sex ratios may be used to ascertain the consistency of the 
data. 

2. Colmputational procedure 

The steps of the computational procedure are 
described below. 

. Step 1: calculalion of average parity per woman. Parity 
P(1) refers to women whose first union has lasted 
between 0 and 5 exact years (that is, the 0-4 duration 



group), P(2) to women in the 5-9 duration category and average parities derived in step 1 and the coefficients 
P(3) to those in category 10-14. In general, shown in table 56. The equation for obtaining k ( i )  is 

where CEB(i) is the number of children ever born 
reported by women belonging to duration group i and 
MFP(i) is the total number of ever-married women in 
duration group i. Note that in this case the index i 
represents duration groups and not age groups. The 
value i = 1 is associated with the first duration group (of 
length W), i = 2 with the second (5-9), and so on. 

Step 2: calculation of proption of childen dead for each 
duration group of mother. This proportion, D (i ), is again 
defined as 

Note should be taken that table 56 lists coefficients for 
duration-of-marriage groups up to 30-34 years in length. 
In practice, data are often only tabulated for groups up 
to 15-19 or 20-24 years; coefficients for longer duration 
periods have been included for the sake of complete- 
ness, even though they may not be used very often. It 
should also be noted that in all cases, the duration 
categories used must span exactly five years. Data refer- 
ring to an open-ended duration interval, such as 20+ 
(20 years or more), should not be used to estimate child 
mortality. 

Step 4: calculation of prohbilities of dying and of surviv- 
where CD(i) is the total number of dead ing. Each pmbability of dying b e f o ~  exact age x,  

in gmup and CEB(i) is denoted by q(x), is calculated as the p d u c t  of the pm- 
Ihe number of ever born declared by Ihose portion of children dead among the ever born, D(i ), and 
women. the corresponding multiplier k(i) obtained in step 3. 

Step 3: calculation ofmultipliers. The multipliers, k (i ), Thus, 
are obtained by substituting into equation (C.3) the 
appropriate average parity ratios calculated by using the q(x)= k(i)D(i) (c-4) 

TABLE 56. COEFFICIENTS FOR ESTIMATION OF CHILD MORTALITY MULTIPLIERS. TRUSSELL VARIANT. 

WHEN DATA ARE CLASSIFIED BY DURATION OF MARRIAGE 

Moa 
(1) . - - 

North ....... 

South ....... 

East ....... .. . 

West ......... 

Index 
i 

131 

I  q (2 ) : 0 (1 )  1.2615 
2 q ( 3 ) l W )  1.1957 
3 q (5 ) /D (3 )  1.3067 
4 q (  lOVD(4) 1.4701 
5 q ( l 5 ) l D ( 5 )  1.5039 
6 q (20 ) lD (6 )  1.4798 
7 q (25) /D(7)  1.4373 
1 q ( 2 ) ' D ( I )  1.3103 
2 q ( W D ( 2 )  1.2309 
3 a q (5 ) /D (3 )  1.2774 
4 q ( lO ) /D (4 )  1.3493 
5 q ( 1 5 ) / 0 ( 5 )  1.3592 
6 q(2O)iD(6) 1.3532 
7 q (2s ) /D (7 )  1.3498 
I q ( Z ) l D ( I )  1.2299 
2 q (3 ) /D (2 )  1.161 1 
3 q (5 ) /D (3 )  1.2036 
4 q ( lO ) /D (4 )  1.2773 
5 q (15 ) lD (5 )  1.3014 
6 q(2O)/D(6) .1.3160 
7 q ( W D ( 7 )  1.3287 
1 q ( Z ) / D ( I )  1.2584 
2 q (3 ) /D (2 )  1.1841 
3 q (5 ) lD (3 )  1.2446 
4 q ( IOt lD(4)  1.3353 
5 q (15) lD(5)  1.3875 
6 q(2O)lD(6) 1.4227 
7 q (25) lD(7)  1.4432 

Estimation equations: 
k( i )=a ( i )+b ( iMP( I ) /P (2 ) )+c ( iMP(2 ) /q3 ) )  
g(x)= k ( i ) D ( i )  

--- --- 

a Ratio of  probability of  dying to proportion ofchildren dead. This ratio is set equal to the multiplier k ( i ) .  



for some pair (x, i )  defined in table 56, from which the 
coefficients needed to calculate k (i ) were obtained. 
From the q ( x )  values, their probabilistic complements, 
I ( % )  (the probability of surviving from birth to exact age 
' x )  are easily obtained by subtraction from one, that is, 

Step 5: calculation 4 refireme period. As before, t (x ) 
is an estimate of the number of years before the survey 
to which the estimates of childhood mortality obtained 
in step 4 refer when mortality has been changing. .The 
t(x) values are obtained by using an equation whose 
form and coefficients for the case in which data are 
classified by marriage duration are presented in table 57. 

3. A &tailed example 
Data on the number of children ever born and chil- 

dren surviving obtained during a survey carried out in 
Panama between August and October 1976 were tabu- 
lated not only by age of mother but by the time elapsed 
since her first union. The data classified by duration are 
summarized in table 58. 

These data are used to illustrate the duration-based 
procedure for estimating mortality in childhood. Only 
data for the first five duration groups are given in table 
58; data for longer duration groups, spanning five years 

each, are not available. Once again, as a consistency 
check, the sex ratios of the reported number of children 
ever born are examined. Just as in the case in which 
these data are classified by age, the values of these sex 
ratios for different marriage durations are expected to be 
reasonably stable and to be close to 1.05 (although some 
allowance must be made for the random variability 
inherent in the small numbers considered). The sex 
ratios are shown in column (7) of table 58. They were 
obtained by dividing the number of male children ever 
born by the corresponding number of female children. 
The sex ratio values shown in table 58 are not exactly 
constant, but, except for that referring to duration group 
04.  they all fall acceptably close to the expected figure. 
The large deviation shown by the sex ratio of the chil- 
dren born to women married only a few years (duration 
group 0-4) is probably due to the relatively small 
number of cases considered. Survival probabilities 
estimated from the data corresponding to this duration 
group may well be subject to similar biases and should 
be treated with reserve. 

The steps of the computational procedure are given 
below. 

Step I: calculation of average p ' i y  per wloman. Aver- 
age parities are computed in a way very similar to step 1 
of the age version: each of the entries in columns (3) and 
(5) (male and female children ever born. respectively) of 

TABLE 57. COEFFICIENTS FOR ESTIMATION OF THE REFERENCE PERIOD.I(X ).' TO WHICH THE VALUES OF q ( x  ) 
ESTIMATED FROM DATA CLASSIFIED BY DURATION OF MARRIAGE REFER 

MorIdrIy Ikmt~m I&x Paww~rr  Caejkirnlr 

I 1 ertiwte HI) w NO 
-- - - -- - 

mdrr 77" 0) - ---- - -- - - - - (3) (4) (3) (6) - (') -- -- (8) 

North ....... 0-4 1 2 q ( 2 )  1.031 1 1.3149 -0.3282 
5-9 2 3 q ( 3 )  1.6964 4.2 147 -0.0160 

10-14 3 5 q ( 5 )  1.4285 3.2687 4.4073 
15-19 4 10 q(10)  -0.0753 - 1.0800 12.928 1 
20-24 5 15 q(15) - 1.9749 - 3.4773 21.3318 
25-29 6 20 q(20) -2.1888 0.6 124 23.9376 
30-34 7 25 q(25)  0.96 13 4.44 16 21.4661 

South ....... 0-4 I 2 q ( 2 )  1.0202 1 3064 -0.3297 
5-9 2 3 q ( 3 )  1.6601 4.5105 -0.0335 

10-14 3 5 q ( 5 )  1.2146 3.4684 4.9524 
15-19 4 10 q(10)  -0.6454 - 1.6045 14.6773 
20-24 5 I5 q ( l 5 )  -2.9104 -4.1352 24.0072 
25-29 6 20 ~ ( 2 0 )  -3.1641 1.2106 26.35 15 
30-34 7 25 q(25) 0.4456 5.6384 23.2565 

East .......... 0-4 I 2 9 0 )  1.0380 1.4213 -0.3545 
5-9 2 3 q ( 3 )  1.644 1 4.7042 0.0642 

10-14 3 5 q ( 5 )  1.1068 3.3032 5.4464 
15-19 4 10 q( 10) -0.8678 - 1.9683 15.5187 
20-24 5 15 q ( l 5 )  -3.2154 -4.1 123 24.8624 
25-29 6 20 q(20)  -3.3885 1.6746 26.9798 
30-34 7 25 q(25) 0.47 16 5.8775 23.7246 

West ......... 0-4 I 2 q ( 2 )  1.0349 1.37 14 -0.3390 
5-9 2 3 q ( 3 )  1.6654 4.5855 0.0233 

10-14 3 5 q ( 5 )  1.2109 3.3291 5.1402 
15-19 4 10 q(1O) -0.5370 - 1.7679 14.6370 
20-24 5 15 g(15) -2.4694 -3.9194 23.0999 
25-29 6 20 q(20) -2.2 107 1.3059 24.4479 
30-34 7 25 9 0 5 )  1.7815 5.0415 20.6725 

Estimation equation: 
t ( x ) = a ( i ) + b ( i ) ( P ( I ) l P ( 2 ) ) + c ( r  H P ( ~ ) / P ( ~ ) )  

Number of  years prior to the survey. 



TABLE 58. CHILDREN EVER BORN AND CHILDREN SURVIVING. BY SEX OF CHILD AND 
MARRIAGE DURATION OF MOTHER, PANAMA, 1976 

table 58 is divided by the corresponding entry in column 
(2), the number of ever-mamed women. Thus, for 
example, P,,, (1) for male children is 

where the subindices indicate whether the value~of D(2) 
is for males (m ), females (f ) or both sexes combined (t ). 
All values of D(i) are given in table 60. 

P,,, (I)= 836/1,523 = 0.5489. TABLE 60. PROPORTIONS OF CHILDREN DEAD. BY SEX OF CHILD 
AND MARRIAGE DURATION OF MOTHER. PANAMA. 1976 

The average parities corresponding to all births 
(shown in table 59 under the label "Both sexes") can be 
obtained in the same way; or, alternatively, they can be 
obtained simply by summing the average numbers of 
male and female children (P,,, (i ) and Pf (i )). 

Thus, for both sexes, PI (2) would be 

or, simply 

Other values of the average parities are shown in table 
59. 

TABLE 59. AVERAGE PARITIES, BY SEX OF CHILDREN AND 
MARRIAGE DURATION OF MOTHER. PANAMA, 1976 

."'='~P"YP'- 
LL.rakn l n l x  MdeS I;cmder Bmh xxe 
PI i p (0 D) p (0 6) p fi) 
(1) (2) 15) 

0-4 . . . . . . . . . . I 0.5489 0.5660 1.1 149 
5-9 ........ . . 2 1.3413 1.2836 2.6249 
10-14 ........ 3 2.0756 1.9435 4.0191 
15-19 ........ 4 2.5331 2.45 14 4.9845 
20-24 ........ 5 2.9991 2.8550 5.8541 

Step 2: calculation of proportion of chilrlren cdecd for 
each duration gmcp of mother. This proportion, D(i ), is 
computed from table 58 by dividing the number of chil- 
dren dead (column (4) for males, column (6) for 
females) by the number of children ever born (column 
(3) for males, column (5) for females). When both sexes 
a n  considered, the number of male and female dead 
children has to be calculated by adding the figures in 
columns (4) and (6) and then dividing by the sum of 
male and female children ever born (columns (3) and 
(5)). The calculation of D(2) for all cases is shown 
below: 

Step 3: calculation of multipliers. The coefficients 
needed to compute the multipliers, k(i), are given in 
table 56. The estimation equation has the form: 

where the independent variables used are P(l)/P(2) and 
P(2)/P(3) Once more, the West mortality pattern is 
selected. Because of the simple form of equation (C.5) 
the computation of the k(i) multipliers is straightfor- 
ward. Results are summarized in table 61; as an exam- 
ple, &,,, (3) for males is computed as 

k,,, (3) = 1.2446 +(O.O 13 1 X0.4092) 

TABLE 61. MULTIPLIERS FOR THE PROPORTIONS OF CHILDREN DEAD 
TABULATED BY DURATION OF MARRIAGE. ASSUMING A WEST MORTALI- 
TY PAlTERN. PANAMA, 1976 

Step 4: estimation ofproixabilities of dying and of surviv- 
ing. Estimates of q(x ) ,  the probability of dying between 
birth and exact age x ,  are obtained by multiplying the 



proportions dead, D(i), obtained in step 2 by the k(i) corresponding to each i is given in table 56. Table 62 
multipliers just calculated. Thus, q(x )=k (i )D(i ). One shows the final results for q(x ) and for 1 (x ), the proba- 
must be careful in matching the indices; the value of x bility of surviving. 

TMLE 62. ESTIMATES OF PROBABILlTlESOF DYING AND OF SURVIVING, BY SEX. DERIVED FROM CHILD SURVIVAL DATA 
CLASSIFIED BY DURATION OF MARRIAGE. WEST MODEL: PANAMA. 1976 

Step 5: calculation of refirem period. Since mortality 
is very likely to have changed recently in Panama, the 
estimation of the qference period, t (x), is appropriate. 
For this purpose, one requires the values of P(l)/P(2) 
and P(2)/P(3), which have already been calculated in 
step 3 (see table 61). The equation used to estimate t(x) 
and the appropriate coefficients appear in table 57. The 
calculation of t(x) is straightforward. As an illustration, 
t, (3) for males is computed below: 

Values oft (x) are shown in table 63. 

4. Comments on the &~~u'led example 
As in the case of the age-based analysis, the child sur- 

vival data of the survey conducted in Panama in 1976, 
when classified by duration of mamage, appear to be of 
acceptable quality. The sex ratios at birth of children 
ever born are close to the expected value of 1.05, the 
average parities increase monotonically with duration of 
mamage, and the proportions of children dead also 
increase with marital duration. The consistency of the 
final mortality estimates, both internal and with respect 
to the estimates obtained from the age-based method, 
can be conveniently assessed by finding the mortality 
level in the Coale-Demeny West family of model life 

 TABLE^^. ESTIMATESOF THE REFERENCE PERIOD. I (X ),' TO WHICH THE ESTIMATED PROBABILITIES 
OF DYING REFER, WEST MODEL. PANAM& 1976 

-- - - - - - 

E--?t*P-+'' 
w Mkud W r  * b , h  xxa 

57 RI '"zw 4, 1 (XI 
74, 

I (4 

Number of yean prior to the survey. 

tables consistent with each estimate and then comparing 
these levels. Table 64 shows the mortality levels implied 
by the q(x) estimates for each sex. They are obtained 

TABLE 64. MORTALITY LEVELS IN THE WEST MODEL LIFE TABLES CON- 
SISTENT WITH THE DURATION-BASED ESTIMATES OF CHILD MORTALITY. 
PANAMA, 1976 

by interpolation using the tables refemng to the West 
model in annex VIII. 

The estimated mortality levels show a fairly coherent 
a n d  and reasonable consistency by sex. The average of 
the duration-based mortality levels is somewhat higher 
(by about half a level) than that obtained when the data 
were classified by age, but the reference period of the 
duration-based estimates is somewhat more recent, for 
any given value of x. Therefore, although the overall 
duration-based estimates indicate lower mortality than 
do the age estimates, their differences are very moderate. 
Given the instability of marriage in Panama and the 
resultant danger that the date of first union might be 
incorrectly reported or that unions may be frequently 
interrupted, the age-based estimates should probably be 
preferred in this instance. 



D. ESTIMATION OF INTERSURVEY CHILD MORTALITY 
USING DATA FOR A HYPOTHETICAL INTERSURVEY 
COHORT 

1. Daro ~quired 
The data required for this method are described 

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

five-year age group of mother (or by five-year duration 
group when women can be classified by the time elapsed 
since their first union) from two censuses or surveys 
taken five or 10 years apart; 

(b) The number of children surviving (or its comple- 
ment, the number of children dead) classified by five- 
year age or duration group of mother for the same two 
censuses or surveys; 

(c) The total number of women in each five-year age 
group when data are classified by age, or the number of 
ever-mamed women belonging to each five-year dura- 
tion group if data arc classified by the time elapsed since 
the first union, from each of the surveys being con- 
sidered. 

Note that the classification of children by sex is desir- 
able, but not necessary. When data are not classified by 
sex, sex differentials in childhood mortality may be 
imputed by using mortality models. 

2. Gmpdationalpracedue 
The estimation procedure described here differs from 

those described in sections B and C only in the way in 
which the proportion of children dead and the average 
number of children ever born per woman (average par- 
ity) are calculated. Once the proportion dead, D (i ), and 
the average parity, P(i), have been obtained, the calcu- 
lation of multipliers k (i) and the estimation of q(x) (the 
probability of dying between birth and exact age x )  
proceed exactly as described in steps 3 and 4 of the com- 
putational procedures presented in subsections B.2 and 
C.2. Therefore, these steps are not described again. 
Furthermore, since the calculation of proportions of 
children dead and parities for hypothetical cohorts are 
essentially the same whether data are classified by age or 
by duration, the steps needed to perform these calcula- 
tions are described for the age model only. When data 
are classified by duration, the same steps can be fol- 
lowed, using ever-mamed women instead of all women, 
and'bearing in mind that the index i refers to duration 
groups rather than to age groups. 

Note should be taken that, when considering 
hypothetical cohorts, the value of t(x), the reference 
period, has no clear meaning and its estimation is 
unnecessary. In any case, the objective of using data for 
a hypothetical cohort is to obtain estimates of child mor- 
tality referring specifically to the intersurvey period, so 
here would be no point in estimating the. t (x ) values. 

The s tep of the computational procedure are given 
below. 

ties or average number of children ever born per woman 
in each age (duration) group a n  just the quotients of the 
observed number of children ever born, CEB, and 
the number of women in that age (duration) group, FP. 
In this case, average parities are calculated for each sur- 
vey separately and the index j is used to indicate the 
survey to which they refer. Therefore, following the 
notation used in subsection B.2: 

P(i, j ) =  CEB(i, j) lFP(i ,  j). (D. 1) 

Sr4p 2: calculation of awmge number of chilhn deod 
per nwnun. In this step, the average number of children 
dead per woman in each age group and for each of the 
surveys being used is calculated. Let CD(i , j ) be the 
number of children dead among those born to women in 
age group i and reported in survey j ,  and let FP(i, j )  be 
the total number of women in age group i at survey j. 
Then, the average number of children dead among 
women in age group i during survey j ,  denoted by 
ACD(i, j) ,  is just the quotient of CD(i, j) and FP(i, j),  
or 

ACD(i, j ) =  CD(i, j)lFP(i, j). (D.2) 

Step 3: estimation of proportion of chilhn &&for a 
hypothetical cohort of numen. Usually, the proportion of 
children dead is calculated as the number of dead chil- 
dren divided by the number of children ever born. 
However, when a hypothetical cohort of women is being 
considered, this proportion is calculated by dividing the 
average number of children dead by the average 
number of children ever born per woman of the 
hypothetical cohort. The average number of births per 
woman occurring to a true cohort between two surveys 
is the increment in the average parity of the cohort from 
one survey to the other, and the average number of chil- 
dren ever born for a hypothetical intersurvey cohort can 
be constructed by adding such increments (see chapter 
11, Section C). The average number of dead children for 
a hypothetical cohort of women can be obtained in a 
similar way, since the increment in the average number 
of dead children per woman for a true cohort between 
two surveys is a measure of the effect of mortality during 
the intersurvey period. However, when fertility has been 
changing, the average number of children dead for a 
hypothetical cohort of women cannot, strictly speaking, 
be obtained by summing the intersurvey increments of 
different female cohorts, since the intersurvey deaths 
include deaths both to children born between the sur- 
veys and to children born before the first survey; and the 
latter (number of children born before the first survey) 
will not be adequately represented by the parities of the 
hypothetical cohort which reflect the intersurvey fertility 
change. A procedure to estimate the appropriate aver- 
age number of children dead for a hypothetical cohort 
under conditions of changing fertility is available." Yet 

Step 1: &&don 4 -ge per w-. As 12 Hania Zlotnik and Kenneth H. Hill, "The use of hypothetical 
cohorts in estimatin demo ra hic parameters under conditions of 

dsr ibed in step 1 of the com~utational ~ r ~ e d u r e s  chan in tertilit a n i  momEty9 b g w ,  "01. 18. N O  I (~ebru- 
described in subsections 8.2 and C.2, the average pari- a v  I&& pp. 1d3-122. 



unless fertility is falling unprecedently fast, the error 
introduced by using the simpler procedure described 
here is very small. Therefore, the former procedure is 
not described. 

Thus, if mortality is changing but fertility has 
remained constant, the proportions of children dead for 
a hypothetical intersurvey cohort of women can be cal- 
culated by summing the intersurvey increments 
observed both in the average number of children dead 
and in average parities, and then dividing the sum of the 
former by the sum of the latter. In such a case, mortality 
estimates for the intersurvey period can be obtained by 
the procedures described in subsection B.2 (or subsec- 
tion C.2 when the data are classified by duration of first 
mamage). 

A detailed description of the calculation of the aver- 
age parities and average numbers of children dead for a 
hypothetical cohort follows. If the length of the inter- 
survey period is n five-year intervals, the average 
number of children ever borne by women of age group i 
in the hypothetical cohort exposed to intersurvey fertility 
rates and denoted by P(i , s )  is 

Similarly, the average number of children dead per 
woman of age group i in the hypothetical cohort, 
denoted by A CD (i , s ), is 

+ACD(i -n, s). (D.4) 

Note that in both equations (D.3) and (D.4), if i is 
smaller than or equal to n, the hypothetical-cohort value 
is assumed to be equal to the value observed at the 
second survey. For estimation of child mortality, the 
hypothetical-cohort approach is of little value if the sur- 
veys are more than 10 years apart, since with a 15-year 
interval, the proportions of children dead for women 
under age 30 are estimated as equal to the reported pro- 
portions of children dead from the second survey; there- 
fore, the estimates of q(l), q(2), and q(3) will not reflect 
the complete intersurvey experience. 

The hypothetical-cohort proportions dead, D(i,s), 
are then obtained by dividing the average number of 

children dead obtained from equation (D.4) by the aver- 
age parities obtained from equation (D.3), that is, 

DO, s ) =  ACD(i, s) lP(i ,  s). (D .9  

Note that, since the calculations use average numbers 
per woman, it is not important, except because of the 
effects of sampling errors, whether the two data sets 
come both from censuses, both from surveys or one from 
each type of source. 

Step 4: estimation of probability of dying. As stated 
earlier, the estimation of q(x) here corresponds to steps 
3 and 4 of the computational procedures described in 
subsections B.2 and C.2 (age and duration versions, 
respectively). Their application is exactly the same as 
given before, using the parities for the hypothetical 
cohort of women, P(i,  s), and the proportions dead, 
D(i, s), also corresponding to the hypothetical cohort. ' 

3. A &tailed example 
Data on children ever born and surviving are avail- 

able for Thailand from a sample of the 1970 census and 
from two sample surveys held in 1974 and 1975. 
Weighted averages of the data from the two surveys that 
approximate those refemng to a point exactly five years 
after the census date were used. All the basic data are 
shown in table 65. 

Steps 1 and 2: calculation of average parity and of aver- 
age number of chilhen &adper woman. Average numbers 
of children ever born, P(i j ) ,  and dead, ACD(i,j), per 
woman are obtained for each age group of women and 
for each survey by dividing the recorded totals by the 
relevant number of women. Thus, the average number 
of children dead per woman aged 25-29 in 1970 is 
obtained as 

Table 66 shows the results for all age groups. 

Step 3: estimation of proportion of children dead for a 
hyptherical cohort of wemen. The interval between the 
1970 census and the 1975 blended survey results is five 
years, so n in equations (D.3) and (D.4) is I .  Thus, for 
the first age group, 15-19, the average parity and the 
average number of children dead for the hypothetical 

TABLE 65. NUMBER OF WOMEN. CHILDREN EVER BORN AND CHILDREN DEAD. BY AGE GROUP. THAILAND. 1970 AND 1975 

- 1970' - 1975 

Aff N m k r  Clulclhn ~ k i i  N M b n  C h k n  C l u k n  
P v  4- m r h  d d  o/- ewr brn clrod 
(1) (3) 13) (4) (9 (6) (7L 
15-19 ........ 1 883 232 245 069 15 223 13 054 1 662 188 
20-24 ... . .. . . 1 359 859 1 367 179 99 316 10 037 8 839 600 
25-29 ........ 1 141 937 2 795 340 74 526 7 812 16 787 1 329 
30-34 . . . . . . . . 1 075 972 4 175 274 504 766 6 508 22 969 2 375 
35-39 ........ 956315 4 93 1 749 732 342 6 244 29 557 3 515 
40-44 . . . . . . . . 765 291 4 477 365 829 656 5 454 31 298 4 598 
45-49 ........ 596 648 3 608 055 821 915 4 388 27 550 4 941 

'Obtained rmm an expanded 2 per cent sample. qweighted average of the 1974 and 1975 rounds of the Survey of 
Population Change. 



TABLE 66. AVERAGE NUMBER OF CHILDREN EVER BORN AND CHILDREN DEAD PER WOMAN. 
BY AGE GROUPOF MOTHER.THAILAND. 1970 AND 1975 

I970 197s 
Avenlgemano/: A wmgr Man o/: 

Childhn C h i h  ChiIrfm Chilctrn 
A F  Indrx em bDn dnd ~ r b o m  &ad 
PV i flk 1) ACD(1.I) fli .  2) AC&i. 2) 

(1) (2) (3) (4) (6) 

cohort of women are put equal to the corresponding 
values from the second survey: 

P(l ,  s ) =  P( l ,2)= 0.1273 
and 

ACD(1, s ) =  ACD(1,2)= 0.0090. 

Subsequent values are obtained by adding the cohort 
increments successively. Thus, for the second age group 
(20-24): 

= 0.8778 
and 

ACD(2, s)= ACD(2,2)-ACD(1, l)+ACD(l, s )  

Table 67 shows the results. (For a more detailed expla- 
nation of the procedure used to calculate average pari- 
ties for a hypothetical cohort, see chapter 11, subsection 
B.4 (c).) 

Once the average parities and the average numbers of 
children dead have been calculated, bearing in mind the 
caveat about changing fertility, the proportion of chil- 
dren dead for the hypothetical cohort can be obtained 
using equation (D.5). Thus, according to the values 
taken from table 67, the proportion of children dead 

TABLE 67. AVERAGE NUMBER OF CHILDREN EYER BORN AND CHII-DREN 
DEAD PER WOMAN OF A HYPOTHETICAL INTERSURVEY COHORT. BY AGE 

OF MOTHER. THAILAND. 1970- 1975 

among those ever born to women aged 25-29 years, 
D(3, s), is calculated as follows: 

Column (5) of table 67 shows the full set of D(i , s )  
values. 

Step 4: estimation of probability of dying. Estimates of 
the probability of dying, q(x), between birth and certain 
exact age x are obtained by using the procedure 
described in subsection B.2 with the North mortality 
pattern. The values of the ratios P(l)lP(2) and 
P(2)/P(3) are needed to estimate the appropriate multi- 
pliers, k (i ). These ratios are computed by using the par- 
ities listed in table 67 as illustrated below: 

The multipliers, k(i), are then obtained by using the 
equation appearing at the bottom of table 47 and the 
coefficients corresponding to the North mortality model, 
also shown in that table. The value of k(3). for exam- 
ple, is obtained as 

The complete set of multipliers used is shown in 
column (4) of table 68. The products of these multi- 
pliers and the proportions dead, D(i, s), yield estimates 
of intersurvey child mortality. Thus, q(5). for example, 
is obtained as 

All estimates of q(x) are listed in column (6) of table 
68. The mortality levels in the North model life tables to 
which each q(x) estimate corresponds, calculated by 
assuming a sex ratio at birth of 105 males per 100 
females, are shown in column (7). They were computed 
by interpolating within the values presented in table 242 
(see annex IX), corresponding to model North and sex 



TABLE68. CHILD MORTALITY ESTIMATESTHAILAND. PERIOD 1970- 1975 

ratio at birth equal to 1.05. For comparision, table 69 classified by sex of child, so one cannot check whether 
shows the child mortality estimates obtained by using the reported sex ratios at birth are plausible. However, 
only the 1975 data. the availability of data for two points in time more than 

compensates for this lack, since parameter changes for 
4. CmYnents on the &railed example true cohorts can be examined for plausibility. The aver- 

The data on children ever born and children surviving age parity of a cohort of women should increase from 
from the two surveys conducted in Thailand are not the first point in time to the second by an amount con- 

TABLE 69. CHILD MORTALITY ESTIMATES. THAILAND. 1975 

Using F( I)lP(2) = 0.1446 and P(2)/P(3) = 0.4098. Number o f  years prior to the survey to which estimates refer. 

sistent with the general age pattern of fertility; the aver- 
age parities corresponding to true cohorts and shown in 
table 66 do increase in every case and by amounts that 
look reasonable, so the reporting of children ever born 
at the two time-points being considered seems con- 
sistent. The average number of children dead for true 
cohorts of women should also increase, whenever migra- 
tion or selective mortality effects are not in operation; 
the data given in table 66 also pass this test, although the 
increases in average numbers of children dead for older 
women are very small. However, it can be concluded 
that, so far. these tests reveal no obvious shortcomings of 
the data. 

The behaviour of the proportion dead among children 
ever born, D ( i ,  s), provides a further test of data qual- 
ity; these proportions are expected to increase with age 
of mother, as the average exposure of her children to the 
risk of dying increases. Although the proportions dead 
reported at the two points in time being considered rise 
steadily with age of mother (leaving aside information 
for women aged 15-19), the proportions dead for the 
hypothetical cohort actually decline for age group 45-49, 
suggesting that there is some slight omission of dead 
childnn by older women, an omission masked in the 
original data sets by the effects of declining child mor- 
tality. 

It is clear from the estimates of mortality level given 
in table 68 that the child mortality estimate based on 

information from women under 20 years of age is not 
reliable, a finding that is fairly common. The estimates 
for women in the age range from 20 to 44 are highly 
consistent, indicating that child mortality in Thailand 
between 1970 and 1975 was approximately equal to that 
of level 18.5 of the North model. The estimate obtained 
from data refemng to women aged 45-49 indicates 
somewhat lower child mortality, probably because of 
the slight omission of dead children already detected. 
The consistency of the mortality estimates shown in 
table 68 is in marked contrast with that of the estimates 
presented in table 69, which show heavier mortality as 
age of mother rises, presumably because child mortality 
has been declining. 

The intersurvey method of estimation described and 
illustrated here assumes roughly constant fertility. Fer- 
tility in Thailand was falling before 1970, and it contin- 
ued to fall throughout the intersurvey period. In such 
circumstances, the estimated intersurvey child deaths 
exceed those expected on the basis of intersurvey births 
because they include the child deaths occumng during 
the intersurvey period to birth cohorts that were larger at 
the time of the first survey (or census in the case of Thai- 
land) than those constructed for the hypothetical female 
cohort on the basis of intersurvey fertility. Child mortal- 
ity will thus be overestimated somewhat by an amount 
that increases with age of mother, since the ratio of 
births during the intersurvey period to surviving children 



at the beginning of the intersurvey period declines with As usual, it is helpful to have the data on children 
age of mother. Thus, it is surprising to find that the ever born and dead classified by sex. When this 
estimated mortality levels given in table 68 tend to classification is not available, sex differentials in child 
increase somewhat with age of mother in spite of the mortality can only be imputed by using mortality 
fact that the methodological bias just described would models. 
affect them in the opposite direction. Zlotnik and ~ i l l ' j  
estimated that the magnitude of this bias in the case of 3. Compuatio~l procedure 
Thailand is approximately -0.1 of a mortality level for The steps of the computational procedure are given 
the estimate derived from age group 25-29, and of about below. 
-0.2 of a mortality level for that derived from age step 1: o/awraFpufrypr T~ cal- 
group 30-34. The fact that such small biases a n  coun- culate the average parity per P(i, j ) ,  let 
teracted by other, yet undetected. flaws in the data make CEB(~, j) be the number of children ever born to 
the average level, 18.5, an acceptable estimate of inter- women in age (duration) group at survey j, and let 
survey child mortality. FP(i, j) be the corresponding total number of women 

E. ESTIMATION OF CHILD MORTALITY WHEN THE (ever-mamed women if data are classified by duration) 
FERTILITY EXPERIENCE OF TRUE COHORTS IS KNOWN age group i. Then, as Ihe average 

number of children ever born per woman of age group i 
1. Basis of methad and its rafio~le and survey j is calculated as 

As explained in section A, if fertility has been chang- 
ing in the recent past, the observed parity ratios used as P(i, j ) =  CEB(i, j)/FP(i, j). (E.1) 
independent variables when estimating the multipliers, 
k (i), may not reflect adequately the true experience of Step 2: calculation ofproportion ofchi/hn dead reported 
cohorts in the population; and, hence, the resulting mul- ut time of second surwy. The values of this proportion, 
tipliers may not be suited for mortality estimation D(i, 2). are calculated only for the second survey or 
purposes. A method proposed to circumvent the prob- census. Thus, denoting the number of children dead to 
lems introduced by declining fertility consists of taking women of age group i from this survey by CD(i, 2). one 
into account the experience of true cohorts when has 
estimating the k(i) multipliers, instead of basing their 
estimates on ratios of parities referring only to one point D(i, 2)= CD(i, 2)/CEB(i, 2). 
in time. This method is described below in detail. 

(E.2) 

As in the methods presented before, two types of Step 3: calculation of multipliers. It is in this step that 
cohorts may be considered: those defined according to the use of cohort experience becomes relevant. The 
age; and those defined according to the duration of first values of multipliers k(i) are estimated by means of 
marriage or union. The estimation procedures used to equations fitted to model cases by means of least-squares 
analyze each of these types of data are very similar, so regression and whose independent variable is a ratio of 
only the case where data are classified by age is parities referring to a birth cohort of women at two 
described; the variations necessary to apply these pro- points in time. Therefore, if the surveys considered are 
ccdures to data classified by duration of first mamage five years apart, these parity ratios have the form 
are pointed out as the need arises. P(i - I ,  I)lP(i ,2); while if the surveys are 10 years 

2. h a  required apart, the corresponding ratios would be 
P(i -2, l)/P(i, 2). The form of the equation to esti- 

The following data are required for this method: mate the k(i) multipliers, the values of the fitted 
(a) The number of children ever born classified by coefficients and the form of the corresponding parity 

five-~ear age (or duration) group of mother for two sur- ratios are presented in tables 70-73. Tables 70 and 71 
veys five or 10 years apart; are to be used when the data are classified by age, 

(b) The number of children dead (or surviving) whereas tables 72 and 73 are needed when the data are 
classified by five-year age (or duration) group of mother classified by duration of first marriage. The first table of 
for the most recent survey being considered; each set (tables 70 and 72) is to be used when the inter- 

(c) The total number of women (or of ever-mamed Survey interval is five years, whereas the second table of 
women) classified by five-year age (or duration) groups each set (tables 71 and 73) is needed when the interval is 
for each one of the surveys being considered. 10 years. After selecting the appropriate table for the 

It is not necessary to have data on the number of chil- case at hand, the calculafion of the k(i) multipliers is 
dead for both of the surveys being considered. If straigh'orvud* as is in the exam~'es. 

these data are available (children dead for both surveys), S?P 4: estimation ? f m I i ! Y  ofdyng- The estimated 
it is strongly recommended that the method described values of q(x), the probability of dying between birth 
above in.section D be used to estimate intersurvey child and exact age x*  are as the products the 
mortality, in spite of the fact that it does not make any obsewed proportions. dead, ~ ( i ,  2), and the multipliers, 
explicit allowance for the effects of changing fertility. k (i ), computed in step 3. 

Step 5: estimation of reference period. The use of the 
I3 lbid. experience of true cohorts to estimate the multipliers, 

90 



TABLE 70. COEFFICIENTS FOR ESTIMATION OF THE MULTICLIERS, k(i). FROM THE EXPERIENCE Of TRUE ConOI'lS 
WHEN DATA ARE CLASSIFIED BY AOE OF MOTH& AND THE IW1EIUURVEY INTERVAL IS FIVE YEARS 

Nmh . . . . . . . 20-24 
25-29 
3@34 
35-39 

South ....... 20-24 
25-29 
30-34 
35-39 

East . . . . . . . . . . 20-24 
25-29 
30-34 
35-39 

West . . . .. . . .. 20-24 
25-29 
30-34 
35-39 

Estimation equations: 
k ( i ) = a ( i ) + b ( i )  P(i  - 1, l ) /P ( i ,  2 )  
q (x )=  k ( i )  D ( i . 2 )  

T m L E  71. CoePPrc lem ~o l l  esnnunolr OF THE ~ u ~ n n r e W  k (I ), m a  me exreulwc~ OF TRue cono~fs 
WH@N DATA ARE CLASSIFIED BY AOE OF MOTHER AND THE INTERSURVEY IlHlPRVAL IS 10 YEARS 

North ....... 25-29 
30-34 
35-39 

Edimation equations: 
k( i )=a ( i )+b ( i )  P( i  -2. l ) /P ( i ,  2 )  
q (x )=  k ( i ) D ( i .  2 )  

k(i), makes allowance for changes in fertility, but it 
docs nothing with respect to changes in mortality. 
Therefore, if there is evidence suggesting a mortality 
decline in the recent past, it is important to ascertain to 
which time period the q(x) estimates obtained in step 4 
really refer. The estimation of the reference period, 
r(x), the number of years before the second survey to 
which the comsponding q(x ) estimate refers, is camed 
out by means of equations whose coefficients were 
estimated by using least-squares regression applied to 
data generated by model schedules. The estimated 
values of thcse coefficients a n  given in tables 74-77. 
The order of these tables parallels that used in present- 
ing the tables needed calculate the k(i) multipliers. 
The first two tables are qscd when data are classified by 
age and the second two when data are classified by mar- 

riage duration. Within each set, the first table is used if 
the intersurvey period is five years and the second if it is 
10 years. The use of these tables is illustrated in the next 
exampIes. 

4. &lcltlcltlrd exaqdes 
This section presents two examples: that used in the 

previous section referring to Thailand and illustrating 
the estimation procedure applied to a five-year intersur- 
vey interval; and the case of Brazil, where data on chil- 
dren ever born and children surviving have been col- 
lected by several of its decennial censuses. 

(a) WIM 1970-1975 

The basic data available for Thailand for the years 



TABLE 72. C~~PPICIENTS FOR ISTIMATION OF THE MULTIPLIERS, k (i ), FROM THE EXPERIENCE OF TRUE COHORTS 
WHEN DATA AM CUP(IflED BY WMTtON OF MARRIAOE AND THE INTERSURVEY INTERVAL IS f lVE YEARS 

W l y  Wafi M 

%2P h b r  I h  -*wryr 
CorjidnmJ 

57 I A!' dl) W mi- I, l)/Rl, 1) 
(1)' (3) (4) fJ) (6) f 7) 

Nodl ....... 5-9 2 3 P(1. I)lP(2.2) 1.2000 
10-14 3 

-0.5977 
5 P(2. I)/P(3,2) 1.3060 

15-19 4 
-0.4662 

10 P(3. I )lP(4.2) 1.4789 -0.5290 

....... South 5-9 2 3 P(l.  I)lP(2.2) 1.2359 -0.5626 
10-14 3 5 P(2. IllP(3.2) I .2797 -0.3843 
15-19 4 10 P(3, I)lP(4.2) 1.3564 -0.3915 

Estimation equations: 
k(i)=a(i)+b(i)P(i -1, l)/P(i,2) 
q(x)= k(i) D(i, 2) 

T ~ 8 L e 7 3 .  COEFFICIENTS FOR ESTIMATION OF M E  MULTIPLIERS k(i ), FROM THE EXPERIENCE OF TRUE COHORTS 
WHEN DATA ARE CLASSIFIED BY DURATION OF MARRIAGE AND THE INTERSURVEY INTERVAL IS 10 YEARS 

LL.*bn I h  "&"a&- co* %ZY 7 I A!' p t i  -2. I)IP(I. 2) dl)  MU 
(1) (3) (4) fJ) (6) f 7) 

North ....... 10-14 3 5 P(l,  I)lP(3,2) 1.1650 -0.7209 
15-19 4 10 P(? 1)lP(4.2) 1.2697 -0.4084 

South ....... 10-14 3 5 P(l ,  1)/P(3.2) 1.1630 -0.5922 
15-19 4 10 P(2, 1 )/P(4.2) 1.2015 -0.3022 

Estimation equations: 
k(i)= a(i)+b(i)P(i -2, I)/P(i, 2) 
a(x)= k(i) D(i. 2) 

TABLE 74. COEFFICIENTS NEEDED TO ESTIMATE THE REFERENCE PERIOD. I (X ): FROM THE EXPERIENCE OF 
TRUE COHORTS WHEN DATA me CLASSIFIED BY AGE AND THE INTERSURVEY INTERVAL IS FIVE YEARS 

Estimation equation: 
~ (x)=a( i )+b( i )P( i  -I, l)/P(i, 2) 

Number of yean prior to the survey lo which estimates rrfer. 

1970 and 1975 are presented in table 65. From those values of average parities, P ( i ,  j), have already been 
data, child mortality is estimated by using only the pro- calculated in step 1 of. the detailed example given in 
portions of children dead reported at the second point in subsection D.3 and are given in table 66. 
time and the parity changes experienced by the different step 2: ofpmprtiOn ofchildren reprtd 
female birth cohorts. ar the time of the second surwy. The proportion of chil- 

The steps of the calculations are given below. dren dead at the time of the second survey (1975 in this 
Step I: calculation of awmgc parity per wman. The case), denoted by D( i  ,2), is calculated directly from the 



TABU 75. COEPflClEN?S NEEDED lU ESTIMATE THE REFEREWE PERIOD, I(x),' FROM THE EXPERIENCE OF 
TRUECOHORTS WHEN DATA ARECLMSlflED BY AOE ANDTHE INTERSURVEY INTERVAL IS 10 YeAflS 

Estimation equation: 
t(x)=a(i)+b(i) P(i -2. I)/P(i. 2) 

'See u b k  74. footnote a. 

TABLE 76. COEFFlCleMs NEEDED l 0  WIIMATE THE REFERENCE PERIOD, I (X ),' FROM THE EXPERIENCE OF 
TRUE COHORTS WHEN DATA M E  CLASSIFIED BY MARRlAOE DURATION ANDTHE INTERSURVEY INTERVAL IS 
fIVE YEARS 

Estimation quation: 
t(x)=a(i)+b(i) P(i -I, l)/P(i,2) 

See table 74. footnote a. 

TABLE 77. CO~PP~CIENTS NEEDED 'TV WlIMAl'E THE R E W N C E  PERIOD, t (x): FROM THE EXPERIENCE OF 
TRUE COHORTS WHEN DATA ARE CLASSIFIED BY MARRIAOE DURATION ANDTHE INTERSURVEY INTERVAL IS 
I0 \,EARS 

Estimation equation: 
r(x)=a(i)+b(i) P(i -2, I)/P(i, 2) 

'See u b k  74. footnote a. 

data given in table 65 by dividing the number of chil- since the intersurvey period is five years. The values of 
dren dead by those ever born for each age group of these ratios are shown in column (5) of table 78. For 
mother. For example, D(4,2) is calculated as follows: i = 4, the ratio is 

All values of D(i, 2) are shown in table 78. where the values of P(i -I, 1) and P(i, 2) are obtained 
Step 3: calculation 4 dtipliem. The independent from table 66- 

variables necessary to estimate the multipliers, k(i), are Once the necessary parity ratios are computed, the 
the.ratios of the observed average parities corresponding values of k ( i )  are estimated by using the coefficients 
to true cohorts at the two points in time being con- presented in table 70. As in the example given in sub- 
sidend. These ratios have the form P(i - I, I)/P(i, 2), section D.3, the mortality pattern selected is North. The 

TABue78. ESTIMATION OF CHILD MORTALITY PROM 1975 DATATAKINO INTO ACCOUNT 
THE FERTILITY EX?ERlENCE OF COHORT~TWLAND 



resulting values of k(i) are shown in table 78; k(4) is second survey. So it can be said that q(2) roughly 
calculated in detail below: represents the child mortality prevalent in 1973. since 

the second data set being considered is supposed to 
k (4)= 1.3408 +(-0.52 10)(0.6936) = 0.9749. represent 1975 experience. The complete set of t(x) 

values is listed in table 78. 

Step 4: calculation of probability of dying. Estimates of 
the probability of dying, q(x), are obtained as the prod- 
ucts of the proportion of children dead, D(i, 2), and the 
k(i) multipliers. Note that this time no estimate of q(l) 
is possible; consequently, there is no multiplier for 
D(1.2). The resulting values of q(x) are shown in 
column (7) of table 78. 

Step 5: calculation of reference period. Using the 
coefficients presented in table 74 and the parity ratios 
used in calculating k(i), the values of the reference 
period. t(x), are obtained by substituting them in the 
estimation equation shown at the bottom of table 74. 
For example, 

This value means that the estimate of q(2) obtained in 
step 4 refers to approximately 2.3 years before the 

Column (9) of table 78 shows the levels of mortality in 
the North family of Coale-Demeny life tables consistent 
with the estimated q(x) values. Once more, these levels 
suggest that child mortality has been declining. Their 
values are quite consistent with those shown in table 69, 
where child mortality estimates were obtained solely 
from the 1975 data. If anything. the new values suggest 
that the decline in mortality was more rapid. 

(b) Brazil, 1960-1 970 
The data on children ever born and surviving col- 

lected for the whole of Brazil during the 1960 and 1970 
censuses (both of which have exactly the same reference 
date, 1 September) are given in table 79. This wealth of 
data permits the application of most of the methods 
described in this chapter. Since the detailed application 
of these methods has already been described in the other 
examples presented so far, it is not repeated here, but 
results obtained by using each of them are shown. 

TABLE 79. DATAON CHILDREN EVER BORN AND SURVIVING. BRAZIL. 1960 AND 1970 
( n o ~ n d r )  

Before proceeding to apply these methods, it must be 
pointed out that the question used in the 1960 census to 
obtain information on children ever born was not 
phrased properly; consequently, the data collected 
exhibit a definite bias. Specifically, the question asked 
of women of reproductive age was: "How many chil- 
dren have you ever had?", instead of "How many chil- 
dren, who have been born alive, have you ever had?" It 
is therefore likely that the 1960 information on children 
ever born includes both those born alive and those born 
dead. So, before the 1960 data are used to estimate 
child mortality, the number of children ever born have 
to be corrected for the inclusion of stillbirths. The 
correction made consists in multiplying the reported 
numbers of children ever born by 0.97, on the assump- 
tion that the incidence of stillbirths among all births is 
0.03. In studies of similar data collected during the 1950 
census of Brazil, the proportion of stillbirths used for the 
purpose of correction was 0.05.'~ This estimate was 
based on the proportion of stillbirths yielded by the 1940 

14 Giorgio Mortara, "A fecundidade da mulher e a sobrevivencia 
dos filhos no Brasil. se undo o Censo de 1950". Contribuc6esparo o Es- 
,I& d. &no @ da Brasdl (Rio de Janeiro, Fundacao lnrituto 
Brasileiro de 6eoRrafia e Estatistica. 1970): and J.  A. M. Calvalho. 
"Regional trends of fertility and mortality in Brazil", Popula~ion Stud- 
ies, vol. XXVIII, No. 3 (November 1974), pp. 401-421. 

census, during which a definite distinction was made 
between live births and stillbirths. According to this 
census, about 7 per cent of all births were stillbirths, but 
the estimate of 5 per cent was accepted on the grounds 
that women were not as likely to report all their still- 
births when only a question on children ever born was 
posed as when two questions, one about live births and 
another about stillbirths, were asked. 

More information about the incidence of stillbirths 
among all births to the Brazilian population is now 
available. Two separate questions referring to these 
events were asked by the 1970 census and by several 
country-wide sample surveys carried out during the 
1970s. All these data reveal that the proportion of 
reported stillbirths among all births has declined to 
roughly 0.05 (0.045 may be a more accurate figure): and 
therefore, a 5 per cent correction for the 1960 data seems 
too high, especially because of the known tendency 
among women to underreport the number of children 
they have ever had. As a compromise, a 3 per cent 
correction was accepted. The corrected numbers of chil- 
dren ever born by age group of mother for 1960 are 
shown in column (4) of table 79. 

Table 80 shows the results of the steps needed to esti- 
mate child mortality from the information gathered in 



TABLE 80. CHILD MORTALITY ESTIMATION USING MULTIPLIERS BASEDON THE WEST MORTALITY PAlTERN, BRAZIL. 1960 

Ax Tk hb&Uty - war 
An lrdrx 

I 9= "r(T 
a i d  Multip@ ddyl~ WY 

b.T mi) Mi) 
0) (2) (3) (4) (!!-- (6) 7;) (8) A -- 

%' 

' Adjus ted  t o  exclude stillbirths. Number of years prior t o  the s u r v e y  t o  which e s t i m a t e s  refer .  
Based on P(I)lP(2)= 0.1 138 and P(2)lP(3)= 0.4335. 

TABLE 81. CHILD MORTALITY ESTIMATION USING MULTIPLIERS BASED ON THE WEST MORTALITY PATTERN. BRAZIL, 1970 

A m q *  
pUy = Wbt 

A l  Indrx f P"- w t i p p s  o/m 
P f  

I;, 
ryi) Wi) 4 0  76) (1) (3) (4) (-0 16) (8) 

Y? 
(91 

15-19 .................... I 1 0.1 187 0.1 159 1.1168 0.1294 1 .O 13.0 
20-24 .................... 2 2 0.9705 0.1265 1.0850 0.1373 2.1 14.3 
25-29 .................... 3 3 2.4274 0.1396 1.0258 0.1432 3.8 14.6 
30-34 .................... 4 5 3.7764 0.1550 1.0298 0.1596 5.9 14.5 

'Based on P(I)lP(2)= 0.1223 and P(2)IP(3)= 0.3998 See t a b l e  80, f o o t n o t e  c. 

1960 (see subsection B.2). Note that the levels of mor- 
tality implied by the q(x) estimates are fairly similar, 
except for that associated with q(l), which is clearly out 
of line with the rest, probably because child mortality is 
not independent of mother's age (see subsection A.l). 

Note that the raw data (table 79) provide the number 
of children surviving rather than the number dead. The 
latter, of course, are obtained by subtraction. 

Table 81 shows the estimates of childhood mortality 
obtained solely from the 1970 information (see subsec- 
tion 8.2). Once more, the estimate of q(1) is not con- 
sistent with the others. In general, the level of child 
mortality seems to have improved between 1960 and 
1970. 

It is worth remarking that when child mortality is 
estimated from a single data set, the estimated values of 

q(l), q(2). q(3) and q(5) refer approximately to one, 
two, four and six years before the census being con- 
sidered. Reference dates for the usual child mortality 
estimates always display this pattern. 

Tables 82 and 83 illustrate the steps necessary to 
obtain intercensal estimates of child mortality (see sec- 
tion D). The average number of children dead is 
obtained in this case by subtracting the number of chil- 
dren surviving from the total number of children ever 
born and dividing the result by the number of women in 
the relevant age group. Thus, for example, 

Final results are shown in table 83. Note that the 

TABLE 82. CHILD MORTALITY ESTIMATION FOR THE INTERCENSAL PERIOD 1960-1970. WITH 
1960 DATA ON CHILDREN EVER BORN CORRECTED FOR INCLUSION OF STILLBIRTHS. BRAZIL 

15-19 .................... I 0.1217 0.1187 0.0148 0.0138 0.0 138 
20-24 .................... 2 1.0686 0.9705 0.1488 0.1228 0.1228 
25-29 .................... 3 2.4650 2.4274 0.3828 0.3388 0.3378 
30-34 .................... 4 3.6865 3.7764 0.6464 0.5853 0.5593 
35-39 .................... 5 4.7610 4.8009 0.944 1 0.8222 0.7771 

'Adjus ted  t o  exclude stillbirths. 

 TABLE^^. INTERCENSAL ESTIMATES OF CHILD MORTALITY. BRAZIL. 1960-1970 

- 

15-19 .................... I I 0.1 187 0.1 163 1.1172 0.1299 12.9 
20-24 .................... 2 2 0.9705 0.1265 1.0849 0.1372 14.4 
25-29 .................... 3 3 2.4244 0.1393 1.0256 0.1429 14.7 
30-34 .................... 4 5 3.6783 0.1521 1.0296 0.1566 14.6 
35-39 .................... 5 10 4.7927 0.1621 1.0460 0.1696 14.6 

'Based on P(I)IP(2)= 0.1223 and P(2)lP(3)= 0.4003. 



TluLe 84. CHILD MORTl*lsn WnMATlON TNClNO INTO ~cc0UNl'mE EJWEWENCE 
OF nve COHORT& BRAZIL 1970 

mw& M Y  '-5' IIC* 
I d a  

1 9' mi-z 1 IN& 2) 
81 0) (4 T 

IS) 
#$? 
(6) 

% 
(7) 

* 
(8) 

25-29 .................... 3 3 0.0501 1.0138 0.1415 4.0 14.7 
3Q-34 .................... 4 5 - 0.2830 1.0166 0. I576 6.2 14.6 
35-39 .................... 5 10 0.5 134 1.0352 0.1773 8.7 14.3 

'Number of yean prior to the curvey to which estimates refer. 

mortality levels prevalent during the intercensal period almost the same mortality levels are obtained (see table 
almost coincide with those obtained solely from the 1970 84). Such consistency is reassuring. It permits one to 
data; and, excluding q(l), they are fairly consistent. conclude that the average West mortality level prevalent 

Lastly, when estimates for 1970 are obtained by tak- during the period 1960-1970, as measured by child mor- 
ing into account the fertility experience of true cohorts, tality, was approximately 14.5. 
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ESTIMATION OF ADULT SURVIVORSHIP PROBABILITIES 
FROM INFORMATION ON ORPHANHOOD AND WIDOWHOOD 

A. BACKGROUND OF METHODS 

1. Nahm and ure of indiwct information 
on d t  mortality 

Chapter I11 describes how information on the survival 
of close relatives-information from mothers about the 
survival of their childrek-can be used to make indirect 
estimates of child' mortality. The principle can be 
extended to information about the survival of other 
close relatives. This chapter describes procedures for 
obtaining estimates of adult mortality fkom information 
concerning the survival of parents and the survival of 
spouses. In both cases, a particular target person is 
known to have been alive at the time of some past event 
(the birth of the respondent in the case of mothers, the 
conception of the respondent in the case of fathers and 
marriage in the case of.spouscs); and some information 
is available about both the length of exposure to the risk 
of dying and about the age at which the exposure began. 
Sample surveys are the usual source of the necessary 
data, though on occasion, the necessary questions have 
been included in censuses. The great advantage of these 
methods of mortality estimation is that they rely upon 
information gathered by questions that are simple and 
easy to answer. The normal forms of the questions on 
orphanhood are "Is your father alive?" and "Is your 
mother alive?", the possible answers being yes, no or not 
known. For widowhood, all ever-married respondents 
arc asked whether their first spouse is still alive, the pos- 
sible answers again being yes, no or not known. It 
should be mentioned that the term "orphanhood" is 
used in a rather unusual sense in this chapter, since it is 
specific to a parent's sex. Thus, when describing 
methods based on proportions with a surviving mother, 
an orphaned respondent is one whose mother has died, 
regardless of the father's survival. 

Preston' points out that data on child survival col- 
lected from all women provide information about the 
overall proportion of persons in a given population with 
a surviving mother. In a closed population, the number 
of surviving children reported by all women, regardless 
of age, should be equal to the number of people in the 
population with a surviving mother. If no direct infor- 
mation on orphanhood is available, an estimate of the 
level of adult mortality can be made iteratively by 
finding the level of mortality that, when combined with 

' Samuel H. &ston. "Estimating adult female m o d t y  from 
repor& on number of ch i inn  surviving", University of Pennsylvania, 
Population Studies Center, 1980 (mimeographed). 

the observed age distribution and age-specific fertility 
rates, produces the same overall proportion orphaned as 
the proportion calculated from child survival data. If 
data on the survival of mother are available, the con- 
sistency of the reported number of respondents with a 
surviving mother and the total reported number of sur- 
viving children can be checked; a tendency to omit sur- 
viving children will reduce the latter figure, and a 
tendency to report incorrectly a surviving mother 'will 
increase the former, so typical errors in the two types of 
data should show up clearly. 

Information on the survival of parents or spouses is an 
indicator only of adult mortality, since the exposure to 
risk of the target person begins in adulthood, at the 
birth, conception or marriage of the respondent. Thus, 
strictly speaking, such data should be used only to esti- 
mate survivorship probabilities from one adult age to 
another; the first group of techniques presented in this 
chapter permits the estimation of such conditional sur- 
vivorship probabilities, and the methods in this group 
are described as "conditional". However, if an estimate 
of the level of child mortality is available, in the form of 
an estimate of 1(2), and some assumption can be made 
about the form of the relationship between child'and 
adult mortality in the population under study, the infor- 
mation on child mortality can be combined with an 
indicator of adult mortality to estimate an unconditional 
survivorship probability, that is, the probability of sur- 
viving from birth to some adult age. The second group 
of methods presented in this chapter, described as 
"direct" methods, allows the estimation of such uncon- 
ditional survivorship probabilities. In choosing between 
these two approaches, it should be remembered that the 
estimates of conditional survivorship are less dependent 
upon assumed models, but they are also more difiicult to 
incorporate into a full life table, than are the direct esti- 
mates, which, in turn, are determined, to a considerable 
extent, by the estimates of child mortality used in their 
calculation. 

Estimates of adult mortality derived from information 
on the survival of close relatives represent averages of 
the mortality experienced over the period during which 
the relatives were exposed to the risk of dying. If mor- 
tality has been changing in a regular way, each estimate 
has a time reference; that is, there is a time before the 
survey with a period life table having the survivorship 
probability that has been estimated. The number of 
years, t ,  before the survey that define the period to 
which this life table refers will depend mainly upon the 
average exposure to risk of the target persons and upon 



the average age range of their exposure; in general, this 
number of years t will be somewhat less than half the 
avenge e x k u n  to risk. It is possible to estimate the 
time period to which the survivorship probabilities 
derived ftom a single survey refer if certain assumptions 
about the regularity of the prevalent mortality trend are 
made. Brass and ~amgboye' propose such a method of 
estimation. In addition, when data are available from 
two surveys held five or 10 years apart, it is possible to 

' W i m  Bnss and E. A. Bamgboye, "The time location of re 
of nuvivolrbip: estimates for maternal and OOES 
the .ever-widow+", W e g  h p e r  No. g;-?mtb%!&hl of 
Hygcne a d  T r o p d  Med~cme, Cen- for Population Studies 198 1. 

derive estimates refemng to the intersurvey period by 
reconstructing the experience of a hypothetical intersur- 
vey cohort. 

2. Oganization of this chqter 
All the estimation methods described in this chapter 

share two characteristics in common: they allow the 
estimation of probabilities of survivorship to ages in 
adulthood (beyond age 20); and they use data on the 
survival of close relatives (parents and spouses). The 
methods presented can 'be classified into several 
categories according to whether they permit the estima- 
tion of direct or conditional probabilities of survivorship 

TABU 85.  H HE MA TIC GUIDE TO CONTENTS OF CHMIER IV 

B. Edmlion of conditional B.2(b) Maternal orphanhood 
d u l t  avvivonbip data: Brass method 

B.2(b) Paternal orphanhood 
&ta: Brass method 

B . ~ c )  Maternal orphanhood 
data: regression 
method 

B.%d) Maternal orphanhood 
data from two surveys 

sk.r/r*uh 

Number of respondents with 
mother alive (or dead) classified 
by five-year age group 

Total number of respondents 
clasified by five-year age group 

Number of respondents who did 
not know or did not state the 
survivorship status of their 
mothers 

Number of births occurring in a 
given year classified by five-year 
age group of mother 

Number of respondents with father 
alive (or dead) classified by 
five-year age group 

Total number of respondents 
classified by five-year age group 

Number of respondents who did 
not know or did not declare the 
survivorship status of their 
fathers 

Number of births occurring in a 
year classified by five-year age 
group of father (or of mother. if 
nothing elre is availabk) 

Number of mpondents with 
mother alive (or dead) classified 
by five-year age group 

Total number of respondents 
classified by Bve-year age group 

Number of respondents who did 
not know or did not declare the 
survivonhip status of their 
mother 

Number of births occurring in a 
given year classified by five-year 
age group of mother 

Number of respondents with 
mother alive (or dead) classified 
by five-year age group. for two 
surveys five or 10 years apart 

Tot.1 number d respondents by 
five-year age group for the same 
two WNe)5 

Number of respondents who did 
not declare the survival status of 
their mother for the same two 
SUNCYS 

Number of births occurring in a 
given year (preferably during 
the intersurvey period) classified 
by five-year age group of mother 

Probabilities of surviving from age 
25 to ages 35, 40, 45, ..., 85 for 
females 

Probabilities of surviving from age 
32.5 to ages 45, 50. 55. .... 90; or 
the probabilities of surviving 
from age 37.5 to ages 50.55.60, 
.... 95 (depending upon the 
value of M, the mean age of 
fathers at the birth of their 
children) for males 

Probabilities of surviving from age 
25 to ages 35. 40, 45. .... 75 for 
females 

The time period to which each es- 
timated probability refers when 
mort.lity is changing 

Probabilities of surviving from age 
25 to ages 35, 40, 45. .... 75 for 
females during the intersurvey 
period 



Scum ~ I b n r J m l W  

B. Estimation of conditional B.Z(d) Paternal orphanhood 
adult survivorship data from two surveys 

B.3(b) Widowhood data by age 

B.3(c) Widowhood data by 
duration o f  first mar- 
riage 

B.3(d) Widowhood data from 
two surveys 

Number of respondents with father 
alive (or dead) classified by 
fiye-year age group for two sur- 
veys five or I 0  years apart 

Total number of respondents by 
five-year age group for the same 
two surveys 

Number of respondents who did 
not declare the survivorship 
status of their father, classified 
by five-year age group for the 
same two surveys 

Number of births occurring in a 
given year (preferably during 
the intersurvey period) classified 
by five-year age group of father 
(or of mother, if nothing else is 
available) 

Number o f  ever-married male (fe- 
male) respondents with first 
spouse alive (or dead) classified 
by five-year age group 

Total number o f  ever-married 
male (female) respondents by 
five-year age group 

Number o f  ever-married male (fe- 
male) respondents who did not 
declare or did not know the sur- 
vivorship status of first spouse. 
by five-year age group 

Singulate mean ages at marriage 
for both males and females (see 
annex I) 

Number o f  ever-married male (fe- 
male) respondents with first 
spouse alive (or dead) classi- 
fied by five-year duration-of- 
marriage group 

'rota1 number of ever-married 
male (female) respondents 
classified by five-year duration- 
of-marriage group 

Number o f  ever-married male (fe- 
male) respondents who did not 
declare or did not know the sur- 
vivorship status of first spouse. 
by five-year duration group 

Singulate mean age at marriage for 
females (males) 

Number o f  ever-married male (fe- 
male) respondents with spouse 
alive (or dead) classified by 
five-year age (duration) group 
for two surveys five or 10 years 
apart 

Total number of ever-married 
male (female) respondents 
classified by five-year age (dura- 
tion) group from the same two 
surveys 

Number o f  ever-married male (fe- 
male) respondents who did not 
state the survivorship status of 
their first spouse classified by 
five-year age (duration) group 
for the same two surveys 

Singulate mean ages at marriage 
for. males and females for the 
two surveys 

The probabilities-oi surviving from 
ages 32.5 to ages 45.50. ..., 90: or 
the probabilities of surviving 
from age 37.5 to ages 50, 55, .... 
95 (depending upon the value o f  
M, the mean age of fathers at 
the birth of their children) for 
males during the intersurvey 
period 

The probabilities o f  surviving from 
age 20 to ages 25. 30. 35, ..., 55 
(60) for females (males) 

The time period to which each es- 
timate refers when mortality is 
changing 

Probabilities of surviving from age 
20 to ages 25, 30. .... 50 for fe- 
males (males) 

The time period to which each es- 
timate refers when mortality is 
changing 

Probability of surviving from age 
20 to ages 25. 30. .... 50 for fe- 
males (males) during the inter- 
survey period 
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TABLE 85 (continued) -- -- -- - - - - - - - - -- - . - -- -- - -- - - . . - - - 

C. Estimation of survivorship C.2 Maternal orphanhood data Number of respondents with l(45). l(50). .... l(75) for female\ 
to adulthood from birth mother alive (or dead) classified 

by five-year age group 
Total number of respondents by 

five-year age group 
Number of respondents who did 

not declare or did not know the 
survivorship status of their 
mother classified by five-year 
age group 

Number of births in a year 
classified by five-year age group 
of mother 

An estimate of l(2) for females 
C.3(b) Widowhood data by age Number of ever-married male (fe- I(25). l(30) ..... l(55) (or l(60)) for 

male) respondents with first females (males) 
spouse alive (or dead) classified 
by five-year age group 

Total number of ever-married 
male (female) respondents by 
five-year age group 

Number of ever-married male (fe- 
male) respondents who did not 
declare the survivonhip status of 
first spouse, by five-year age 
group 

Singulate mean age at marriage for 
both males and females 

An estimate of I(2) for females 
(males) 

C.3(c) Widowhood data by Number of ever-married male (fe- I(2O). l(25) ..... l(40) for females 
duration of first mar- male) respondents with 61x1 (males) 
riage spouse alive (or dead) classi- 

fied by five-year duration-of- 
marriage group 

Total number of ever-married 
male (female) respondents 
classified by five-year duration 
group 

Number of ever-married male (fe- 
male) respondents who did not 
declare the survivorship status of 
first spouse. by five-year dura- 
tion group 

Singulate mean age at marriage for 
females (males) 

An estimate of I(2) for females 
(males) 

and according to the type of data each method requires: 
information on the orphanhood status; or data on the 
widowhood status of respondents. The organization of 
the following sections closely follows this classification. 
In order to aid the user in selecting the method best 
suited for a particular application, brief descriptions of 
each section follow (see also table 85): 

Section B. Estimation of conditional adult survivorship. 
This section presents methods that allow the estimation 
of conditional probabilities of survivorship, that is, 
probabilities of surviving to age x given that the target 
population has already survived to age y ,  where y is less 
than x .  This section is divided into two main subsec- 
tions. In the first, methods using data on the orphan- 
hood status of respondents are described; in the second, 
methods using data on the widowhood status of ever- 
married respondents are presented; 

Section C. Estimation of survivorship to adulthoodfrom 
birth. This section presents methods that permit the esti- 
mation of the probabilities of surviving from birth to 
certain ages x ,  all greater than 20. All the methods 
described require as input an estimate of 1(2), the proba- 
bility of surviving from birth to exact age 2. The two 
main parts of this section present methods based on 
orphanhood and widowhood data, respectively. 

B. ESTIMATION OF CONDITIONAL ADULT 
SURVIVORSHIP 

1. General characteristics 
The methods described in this section deal with the 

estimation of adult mortality from information about the 



orphanhood or widowhood status of respondents. These 
methods may be called "conditional" because the 
estimated parameters are conditional probabilities of 
survival that do not, by themselves, define a complete 
life table. To derive life-table values from them more 
information is needed about child mortality; methods 
for combining information about child and adult mor- 
tality are described in chapter VI. 

2. Estimation of orkc11 survivorship bared on 
proprriom nor orphaned 

(a) h i s  of method and its rationale 
Data on the proportions of respondents whose mother 

(father) is still living can yield plausible estimates of 
adult mortality. The first method of estimation based on 
this type of data was proposed by ~rass? who estab- 
lished an equation relating the female probability of sur- 
viving from age 2'5 to age 25 + n to the proportions of 
respondents in two contiguous five-year age groups 
whose mother was still alive at the time of the interview. 
This equation has the form 

where S(n) is the proportion of respondents aged from 
n to n +4 with mother alive, and W(n) is a weighting 
factor employed to make allowance for typical age pat- 
terns of fertility and mortality. The set of W(n) values 
that Brass proposed was estimated on the basis of data 
simulated by using a single mortality pattern (the Afri- 
can standard) and model fertility schedules of fixed 
shape but variable age locations. Each age location of 
the fertility schedule is associated with a particular value 
of M, the mean age of women (or men) at the birth of 
their children. Thus, the weights, W(n ), depend both 
upon n, the central point of the age groups being con- 
sidered, and upon M. 

More recently, Hill and ~russel l~ proposed another 
estimation procedure based on the following equation; 

where a (n ), b (n ) and c (n ) are coefficients estimated by 
using linear regression to fit equation (B.2) to data from 
900 simulated cases. These cases were derived by using 
several fertility schedules generated by the Coale- 
~russell' model and a variety of mortality schedules 

W. Brass and K. H. Hill. "Estimatin adult mortality from orphan- 
h m ~ ,  k d n g s  of t k  ~nternatiotuk~o ulation Conference, fi1 e, 
,973 (Libge, International Union for the &ientific Study of popuf- 
tion. 1973). vol. 3, pp. 1 1  1-123. 

K. Hill and J. Trussell. "Further develo ments in indirect mortal- 
it estimation". Population Studies, "01. X X ~ .  No. 2 (July, 1977). pp. 
3i3-333. 

' ~ n s l e ~  J. Coale and T. James Trussell. "Model fertility schedules: 
vanatlons In the age structure of childbearing in human populations", 
Popukrtion Index, vol. 40, No. 2 (April 1974). pp. 185-258. 

generated by the logit system6 with the four different 
~oale- erne en^^ mortality patterns as standards (see 
chapter I, subsections B.2 and B.4). 

When both methods of estimation were applied to 
nearly 1,000 other cases simulated by using different fer- 
tility and mortality schedules, the method proposed by 
Brass was found to perform as well as or better than the 
regression method for n not exceeding 30 years, while 
the regression method produced substantially better 
results for higher values of n . 

Even though this comparison was camed out only on 
simulated cases that are not subject to the type of errors 
commonly found in real data, it does reveal the prob- 
able strengths and weaknesses of the different methods. 
Since these methods seem to complement each other in 
the realm of theory, both of them are described here in 
the hope that they may also complement each other in 
practice. 

Before proceeding with their description, some gen- 
eral features of methods that attempt the estimation of 
adult mortality based on the reported proportions of 
orphaned respondents by age and an indicator of the 
age pattern of fertility should be pointed out. 

First, the estimated probabilities of survivorship do 
not refer to the entire population, since they reflect only 
the mortality experience of parents with surviving chil- 
dren. Furthermore, if questions on orphanhood are 
asked of the entire population, parents with several sur- 
viving children will tend to be overrepresented. 
Theoretically, this problem can be avoided by using an 
additional filter question that seeks to identify only one 
child per parent, such as the oldest surviving child or the 
first-born child. However, in practice, errors in the 
reporting of family-order status have been found to be 
so large that methods of analysis using data where the 
responses have been limited to one child per parent have 
not yielded better estimates than the original methods* 

Secondly, survivorship estimates based on reports by 
young respondents, and thus corresponding to small 
values of n (under 20), tend to be affected by misreport- . 
ing of orphanhood status: young orphaned children are 
often adopted by relatives who report them as their own 
children. This phenomenon artificially inflates the pro- 
portion of young respondents having a surviving parent 
and biases upward the estimated survivorship probabili- 
ties of younger adults. 

Lastly, the estimated probabilities of survival do not, 
strictly speaking, refer to specific time periods, since they 
represent average measures over the somewhat ill- 
defined intervals of exposure to the risk of dying of the 
target population. In cases where mortality has 
remained essentially constant, problems in the interpre- 

William Brass, Methods for Erritnutin Fertility and Mortality f i  
Limited and Lkj2ctive O a  (Chapl ~ i l  North Carolina. Carolina 
Population Center, Laboratories for Population Statistics 1975). 

Ansley J. Coale and Paul Demeny, kgionol Modrl U/r T&s and 
Stable Popukztiom (Princeton, New Jersey. Princeton Un~versity Rtq 
1 %6). 

Kenneth Hill. Hugo Behm and Augusto Soliz. h sitwibn dc 1; 
mortalidad en Bolivia (La Paz, lnstituto Nacional de Estadlstica, 1976). 



tation of the estimates obtained do not arise since, in the index i to denote the different five-year age groups in 
absence of data errors. they should all imply the same, the reproductive life span of a woman and lets B(i) be 
unchanging mortality level. However, because mortality the number of births during a particular period to 
has not remained constant during the recent past in most women in age group i ,  then 
countries, the interpretation of survivorship probabilities 

7 
derived from orphanhood data is not always straightfor- 

7 

ward. Interpretation and assessment are easier when the 
M = a ( i ) ~ ( i ) / x  ~ ( i )  (B.3) 

r = l  1 = I  
estimates obtained can be related to specific time 
periods. If one can ~ s u m e  that mortality has been where a ( i )  is the mid-point of age group i .  (The user 
changing regularly (for instance, by assuming that in the should be reminded that, just as stated in chapters I1 and 
logit system the parameter indicating mortality level, a, 111, i = 1 represents age group 15-19, i = 2 is 20-24 and 
has been changing linearly with respect to time) and that so on.) Note that if the births used to calculate M are 
the adult mortality pattern of the target population is those reported as occurring during the year preceding 
similar to that represented by the general standard (see the survey and are tabulated by age of mother at the 
chapter I, subsection B.4), it is possible to estimate the time of the survey, the true age group of the mother will 
time t (as number of years before the survey) to which be, on average, six months younger than stated, so that 
each survivorship probability refers. The estimation six months should be subtracted from the mid-point of 
method used for this purpose has only recently been each age group when calculating M. 
proposed Brass and B ~ ~ ~ ~ Y ~ ; ~  and it has The estimation of M for males is one of the additional 
not yet been widely tested, its general rdevance wanants problems associated with the estimation of male adult 
its inclusion in this chapter. mortality from the proportions of respondents with a 
(b) Brass method surviving father. Fertility questions are generally not 

(i) m a  required asked of males, so the information from which the 
female M is estimated is usually not available for 

The following data are required for this method: fathers. Births during the year preceding a survey are 
(a) The propodon with a surviving sometimes tabulated by age of husband, but this tabula- 

mother (father) in each five-~ear age group from r~ to tion is generally limited to those cases in which the 
n +4. This propodon is S(n)- The set mother and her husband are enumerated in the same 
proportions S (n )  can be when any two the household. Calculating the male M from such a tabula- 
following items arc available: (a) the number of tion often biases its value upward because young fathers 
respondents with mother (father) alive; (b) the number are more likely to be temporarily absent. 
of ~ s p o n d e n a  with mother (father) dead: (c) the total A more mbust proceduR for estimating Br males number of r c s ~ n d e n u  mother's (father's) sur- of adjusting the female M by using information 
viva1 status is known. It is important to exclude from on status. The median age of the cunently mar- the calculations all respondents who did not know or did ried population can k calculated by wx, and the 
not declare their mother's (father's) survival status. In difference between the male and female medians can be 
every data must be by five-year age added to the previously calculated female M to obtain 
group; an estimate of the male M. Medians are used to reduce 

(b) The number of births in a given Year classified by the influence of older and, for the purpose in hand, 
five-year age group of mother (father)- This largely irrelevant couples. In principle, the assumption 
is needed to estimate M *  the mean age of mothers of constant fertility can be relaxed by employing 
(fathers) at the birth of their children in the population different values of M for different age groups of respon- 
being studied- The M to be estimated is the mean dents, but in practice the data required to follow this 
age of the fertility schedule (also known as "mean age of approach are often lacking. 
childbearing"); it is, rather, a mean age of the fertility Step 2: calculation of wighting factors. For the value 
schedule weighted by the age distribution of the female of calculated above and for each value of n ,  the 

population. It may be regarded as an estimate of weighting factors, W(n), are calculated by interpolating 
the average age mother (father) and linearly (see annex 1") in table 86 (table 87 is used when 
child in the population. thus being an indicator of the fathers are being 
average age at which the target persons (parents) begin 
their exposure to the risk of dying. Step 3: calculation of survivorship probabilities. If the 

survivorship of mothers is being considered, the proba- 
(ii) Computational procedure bilities of surviving from age 25 to age 25 + n are cal- 
The steps of the computational procedure are culated by using the equation 

described below. 
Step 1: Cdc1(larion of mean age at maternity (paternity). I f  (25 +n )/Ij (25) = W(n )S(n -5) +(I .0 - W(n ))S(n ) 

The mean age of mothers (fathers) at the birth of a 
group of children (normally those born in the year (B.4) 

the survey) is denoted by If One uses the wherp S(n)  is the proportion of respondents aged from 
n to n +4 who declared that their mothers were alive at 

W. Brass and E. A. Bamgboyc, op. cir. the time of the interview. 
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TMLE 86 . WUOHTINO FACTORS, W(n ). FOR CONVERSION OF PROPORTIONS OF RESPONDENTS WITH MOTHER ALIVE 
INTO s u R v ~ v o ~ n ~ P  m o w l L m e s  FOR FEMALES 

Estimation equation: 
lf(25+n)/lf(25)= W(n)  S(n -5) + (1 . W(n)) S(n)  

TMLE 87 . WE10HnN0 FACTORS, W(n ). FOR CONVERSION OF PROFQRTIONS OF RESFONDENTS WITH FATHER ALIVE 
INTO SURVIVORSHIP IROBAIIWIES FOR MALES 

(a) Bum 32.5- 
0.388 0.455 
0.429 0.522 
0.406 0.523 
0.335 0.474 
0.1 62' 0.319 

-0.047 0.109 
-0.379 -0.203 
-0.65 1 -0.495 
-0.776 -0.651 
-0.758 -0.667 

Estimation equation: 
lm(35+n)/Im(32.5)= W(n)S(n -5) + (1.0- W(n)) S(n)  

(b) From 37.5yruvs 

39 40 

0.613 0.687 
0.690 0.790 
0.708 0.833 
0.6 13 0.759 
0.450 0.614 
0.152 0.32 1 

-0.157 0.003 
-0.372 -0.237 
-0.47 1 -0.377 
-0.425 -0.366 

Estimation quation: 
Im(40+n)/lm(37.5)= W(n)  S(n -5) + (1.0- W(n)) S(n)  

In the case of fathers. the value 25 is replaced by the if the weighting factors W(n) are obtained from table 
values 32.5 or 37.5 to allow for the fact that men are 87. pan (a); and 
d l y  older than women at the birth of their children . 
The survivorship probabilities are estimated in this case 1, (40 +n)/l, (37.5) = W(n )S(n -5) +(1.0 - W(n ))S(n ) 
by tke following equations: 

lm(35+n)/l,(32.5)= W(n)S(n -5)+(1.0- W(n))S(n) (B.6) 

(B.5) if the weighting factors are obtained from table 87. part 
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TABLE 88. VALUES OF THE STANDARD FUNCTION FOR CALCULATION OF THE TIME REFERENCE 
FOR INDIRECT ESllMATES OF ADULT SURVIVORSHIP 

(b). In both cases, S(n) stands for the proportion of 
respondents in the age group from n to n +4 whose 
father was alive at the time of the interview. A decision 
has to be made whether to use the weights given in table 
87, part (a), and hence equation (B.5); or those in table 
87, part (b), and hence equation (B.6). In general, the 
choice depends upon the estimated value of M: if it is 
less than or equal to 36, part (a) should be used; if it is 
greater than 36, part (b) should be used. 

Step 4: calculation of number of years before the survey 
to which the survivorship estimates refer. It can be shown 
that if the level of mortality is declining linearly on the 
logit scale (see chapter I, subsection B.4), the survivor- 
ship estimates obtained from orphanhood data are equal 
to those prevalent at specific time periods prior to the 
survey and that the time location of these periods is 
largely independent of the rate of the mortality 
change.'' In addition, when female mortality in adult- 
hood has a pattern similar to that embodied by the gen- 
eral standard (see chapter I, subsection B.4), the number 
of years before the survey to which each estimate 
derived from maternal orphanhood data refers, denoted 
by t (n ), can be estimated as 

where 

and 

where Z(x) is still obtained from table 88; loS,,-s now 
represents the proportion of respondents aged from 
n -5 to n +4 with father alive; M is the mean age of 
fathers at the time of their children's birth; n is the mid- 
point of the age group considered; and 0.75 or three 
quarters of a year have been added to make allowance 
for the fact that a father must have been alive at the time 
of conception, but not necessarily at the time of the birth 
of his offspring. 

(iii) A &toiled e-le 
The data shown in tables 89 and 90 were collected by 

the National Demographic Survey camed out in Bolivia 
during 1975." They are used here to illustrate the way in 
which the estimation of female adult mortality is carried 
out using data on the maternal orphanhood status of 
respondents. 

Table 89 shows both the raw data gathered by the sur- 
vey and the proportions of respondents whose mother 
was alive at the time of the interview. Note that in calcu- 

u(n )= 0.3333 In (loS,, -5)+Z(M +n ) +0.0037(27 -M), 
TABLE 89. DATA ON MATERNAL OW.ANHOOD STATUS AND PROPORTIONS 

IMnanllmmd ol%r - P -  * ,k, -'%"- sn) 
and the value of Z(M +n) is obtained by interpolating (2) (3) (5) 

linearlv in table 88. 15-19 ........ 5540 448 6 0.9252 
20-24 ........ 3 995 Note that in this case loS, -5 represents the proportion 25-29 886 

541 10 0.8807 ........ 769 8 0.78% 
of respondents in the age group from n -5 to n +4 with 30-34 ........ 910 852 9 0.69 15 
mother alive, and that n is the mid-point of the 10-year 35.39 ........ I 661 I 234 1 1  0.5737 

........ age group being considered. 40-44 I 027 I 272 7 0.4467 
4549 ........ 855 I 556 6 0.3546 When data on paternal orphanhood are being used, 5654 ........ 369 1 243 6 0.2289 

equations (B.7) and (B.8) become 

I'  K. Hill. H. Behm and A. Soliz, op. cit. 
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TABLE90. CHILDREN BORN DURING THE 12 MONTHS PRECEDING 
THE SURVEY. BY AGE OF MOTHER AT TIME OF THE SURVEY. BOLIVIA. 1975 

W-dn, M 

six mo4uh) 
#O 
(3) 

17 
22 
27 

lating the latter figure, the numbers of respondents who 
were classified in the category of "unknown maternal 
orphanhood status" were ignored. In the case of the 
1975 survey in Bolivia, the numbers in the unknown 
category are very small and their inclusion in the 
denominators of the proportions with surviving mother 
would not have affected the final results. However, 
because greater levels of non-response may occur, it is 
important to exclude the non-responses when calculat- 
ing the proportions with surviving mother. As an exam- 
ple, S(50) is computed explicitly below: 

The computational procedure is described below. 
Step I: calculation of mean age at materniry. According 

to equation (B.3): 

where a(i) is the mid-point of age group i ;  and B(i) is 
the number of births to women in age group i . However, 
to obtain a correct estimate of the mean age at mater- 
nity, M, the births used ,in equation (B.3) should be 
classified by age of mother at the time the birth 
occurred. In the present case, the age reported by a 
woman is that at the time of the interview and not that at 
the time of the birth; some allowance must be made for 
this fact. The simplest strategy is to assume that births 
are uniformly distributed in time and with respect to 
mother's age. Hence, on average, women were six 
months younger at the time of the birth they reported 

than at the time of the interview, so that, for example, 
the current age group spanning exact ages 15-20 may be 
considered to span exact ages from 14.5 to 19.5 at the 
time the births occurred. All subsequent age groups are 
similarly affected. Therefore, the central a(i ) values to 
be used in applying equation (B.3) are 17 instead of 
17.5, 22 instead of 22.5, and so on, as shown in column 
(3) of table 90. 

Applying equation (B.3), M is calculated as follows: 

7 

2 a(i)B(i)= (17)(136)+(22)(409)+. + 
i =  l 

and 

Step 2: calculation of neighring factors. Since data on 
maternal orphanhood are being considered, the 
appropriate weights, W(n), are obtained by interpolat- 
ing linearly (see annex IV) between the values given in 
table 86. The value of M is 28.8 years, so the weights in 
the columns labelled "28" and "29" are used as 
extremes in the interpolation. For all values of n, the 
interpolation factor 8 is 

Therefore, to obtain W(35), for example, the values for 
n = 35 appearing under the columns for M qua1 to 28 
and 29 of table 86 are weighted by 8 and (1 -8). 
respectively, yielding 

The complete set of W(n ) values corresponding to M 
= 28.8 is shown in column (2) of table 91. 

Step 3: calculation of survivorship probabilities. Once 
the weighting factors corresponding to the observed M 
have been calculated, the values of 1/ (25 +n ) / l f  (25) are 

TABLE 9 1. ESTIMATION OF FEMALE ADULT SURVIVORSHIP FROM PROPORTIONS OF RESPONDENTS 
WITH SURVlVlNO MOTHER. USING THE BRASS METHOD. BOLIVIA, 1975 

W Y t  
war 

Af nMoUly 
M 

I1 ) 17) 



computed as indicated by equation (B.4). Table 91 sum- 
marizes these computations. This table also shows the 
mortality level in the Coale-Demeny West family of 
model life tables associated with each survivorship ratio. 
These levels were calculated by interpolating linearly 
between the values given in table 210 (see annex VI). 
They provide a useful index for examining the con- 
sistency of the survivorship ratios themselves. 

As an example, the calculation of the level consistent 
with the estimated 1 (65)/1/(25) is camed out below in 
detail. The value o l l  (65)/1/(25) according to table 91 i is 0,604. The column abelled "65" of table 2 10 in annex 
VI is then used to locate the two values that bracket the 
estimated value. They are 0.58183, corresponding to 
level 13; and 0.60583, comesponding to level 14. Hence, 
the interpolation factor 8 is 

t (n ). In step 1, M was found to be equal to 28.8 years. 
Therefore, the values of x = M +n range from 48.8 to 
78.8, increasing in steps of five years. The standard func- 
tion, Z(x), for calculation of the reference period, is 
obtained for these values by linear interpolation within 
table 88. Note that because the table does not cover the 
range 78-79, the last Z value calculated is Z(73.8). Thus, 
Z(53.8) is obtained as 

All Z(x) values are given in column (4) of table 92. 
Using these values and substituting those of toS,-s, M 
and n in equation (B.8), one obtains the set of values for 
the correction function, u(n), given in column (5) of the 
same table. To illustrate the procedure followed, u (30) is 
calculated below: 

and the estimated level is 

The complete set of mortality levels is shown in column 
(7) of table 91. 

Step 4: calculation of number of years before the survey 
to which the survivorship estimates refer. The reference 
period of each of the estimates obtained in the previous 
step, denoted by t(n), is calculated from loSn -5, the pro- 
portion of respondents aged from n -5 to n +4 whose 
mother was alive at the time of the interview. These pro- 
portions are calculated by dividing the number of 
respondents with surviving mother in the two adjacent 
age groups from n -5 to n - I and from n to n +4 by 
the sum of the number of respondents in both age 
groups who provided information on mother's survival. 
For example, 

The complete set of loSn-s values is shown in column 
(2) of table 92. 

Because the data at hand refer to maternal orphan- 
hood, equations (B.7) and (B.8) are used in calculating 

Then, using equation ;B.7), t (n ) is calculated for each 
case. Continuing with the illustration of the case n =30, 

The survey in Bolivia was camed out between I5 
June and 31 October 1975, so the mid-point of that 
period may be considered its reference date. The sim- 
plest way of obtaining the decimal equivalent of the 
mid-period date is by transforming the end-points into 
decimal equivalents and finding their mean. Thus, 15 
June 1975, is equivalent to 1975.45 (the number of days 
from 1 January to 15 June, both included, being 166, 
and 166/365 = 0.45) and 31 October 1975 is equivalent 
to 1975.83, so that the desired mean is 1975.64. There- 
fore, the lf(55)/1/(25) estimate listed in table 91 refers 
approximately to 11.8 years before 1975.6, that is, to 
1963.8. The complete set of reference dates and the West 
mortality levels associated with them are shown in 
columns (7) and (8), respectively, of table 92. 

TABLE 92.  ESTIMATION OF TIME REFERENCE PERIODS FOR SURVIVORSHIP ESTIMATES DERIVED FROM 
MATERNAL ORPHANHOOD DATA, BOLIVIA, 1975 

- 

a N u m b e r  o f  years prior to t h e  survey t o  which  survivorship estimates refer. 
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It is worth mentioning that the estimates obtained TABLE 93. COEFFICIENTS FOR ESTIMATION OF FEMALE SURVIVORSHIP 

from maternal orphanhood data refer, when adult mor- PROBABILITIES FROM AGE 25 FROM PROPORTIONS WITH SURVIVING 

tality has been changing steadily, to periods between 8 MOTHER 

and 15 years prior to the survey. When judged with *f 
CQ&~~~HI 

d n )  t i n )  cln) respect to these estimated dates, the mortality levels (1) (2) 13) (4) 

obtained in the previous step seem less satisfactory than 20 ............,. -0.1798 0.00476 1.0505 
at first sight. The estimates imply that female adult mor- 25 .............. -0.2267 0.00737 1.029 I 
tality in Bolivia fell by an average of one mortality level 30.............. -0.3 108 0.01072 1.0287 

per annum during the period 1960-1965. It is difficult to 35........s..*9. -0.4259 0.01473 1.0473 
40.. . . . . . . . . . . . . -0.5566 0.0 1903 1.0818 

believe that such rapid gains in life expectancy could 45 ,.,.,,.,....., -0.6676 0.02256 1.1228 
actually have taken place. Further, the similarity of the so. ............ -0.698 I 0.02344 1.1454 
levels corresponding to the two most recent periods is 
suspect. It suggests that even up to age groups 20-24 and Estimation equation: 

25-29 the adoption effect may be biasing the survivor- 
1 , (25+n) / I f (25 )=a(n)+b(n)M + c ( n ) S ( n  -5) 

ship estimates upward. To what extent such an effect is 
also operating at ages 30-34 and 35-39 is difficult to in the age group from n -5 to n - 1 whose mother was 
ascertain, but the possibility that the estimates for 1962- alive at the time ofthe interview. 
1964 may also be subject to an undesirable positive bias No!e should be taken that this method the 
must be in mind' these brief it estimation of female survivorship only. No regression 
transpires that the data for Bolivia may not be as con- method has been developed to estimate male survivor- 
sistent as one would desire, and that further analysis and ship, u, if pateml orphanhood data are available, the 
additional, independent evidence may be necessary to original Brass method has to be used. 
establish with a greater degree of certainty the mortality 
levels to which the female population of Bolivia has It should also be pointed out that the conditional 

been subject. probabilities of survivorship obtained by using this 
method do not, by themselves, define a complete life 

(c) Method based on an equationfirted by wing regression table, unless one can assume that the mortality pattern 

(i) Lhata required of the population studied is identical to that of some 
model set of life tables. When information on child mor- 

The required lo lhiS method in lhe case of tality is available, the techniques described in chapter VI are the same as lhoSe can be used to construct a life table that does not depend needed for the Brass method (see subsection 8.2 (b) (i); upon a restrictive assumption. however, no regression method has been developed for 
the estimation of male mortality from data on paternal 3: cdculation ofnrunber of years bejbre the 
orphanhood. The data required are: to which the survivorship estimates refer. In cases where 

adult mortality has been changing regularly during the 
(a) The proportion 3frespondents 'nother was I5 or 20 years preceding the survey (that is. the change alive at the time of the interview, classified by five-year has been linear on the logit estimates of the time age group. The P ~ P ~ ~ ~ ~ ~  in lhe age group to which each of the su~ivonhip  probabilities obtained 

from n to n +4 is denoted by S(n); in the previous step refers, denoted by t (n ), can be cal- 
(b) The number of children born during a given year* culated by means of the following equations: 

classified by five-year age group of mother. These data 
allow the estimation of M,  the mean age of mothers at u(n)= 0.3333 In S(n -5)+Z(M+n -2.5)+ 
the birth of a particular group of children. 

(ii) Compututionalprocedure 0.0037(27 - M )  (8.12) 
The following steps are required in the computational and 

procedure. 
Step 1: calculation of mean age at maternity. This step t (n)= (n -2.5)(1.0-u(n))/2.0 (B.13) 

is identical to that described in subsection B.2 (b) (ii). It 
is not described again here. where S(n -5) is the proportion of respondents aged 

Step 2: calculation of survivorship probabilities. Using from M -5 to M - 1 whose mother was alive at the time 
the values of the coefficients a (n ), b (n ) and c (n ) shown of the survey; M is the mean age of mothers at the time 
in table 93, female survivorship probabilities are of the birth of their children; n -2.5 is a rough indicator 
obtained by substituting these values in the following of the mean age of respondents; and Z ( x )  is a standard 
equation: function of age whose values in any given case can be 

obtained by interpolating between the values listed in 
If (25+n)/lf (25)= a(n)+b(n)M +c(n)S(n - 5 )  table 88. Strictly speaking, the estimates yielded by 

equations (8.12) and (B.13) when the Z ( x )  values of 
(B.ll) table 88 are used as input are based on the assumption 

that female adult mortality in the population being stud- 
where M is the mean age of mothers at the birth of their ied has a similar pattern to that embodied by the general 
children; and S(n -5) is the proportion of respondents standard (see chapter I, subsection 8.4). In practice. 
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however, the impact of deviations from this assumption group, S(n -5). They are shown in column (2) of table 
is unlikely to be large, at least in comparison with the 95. The values of Z(x) for x ranging from 46.3 to 76.3 
effects on the final estimates of deviations from the in steps of five years are obtained by interpolating 
assumed linear trend followed by adult mortality linearly between the values listed in table 88. For exam- 
changes over time. ple, Z(66.3) is obtained as 

(iii) A &tailed example 
The application of the regression method is illustrated 2(66.3)= 0.7Z(56)+0.3Z(67)= 

below by again using the data for Bolivia presented in 
subsection B.2 (b) (iii) (see table 89). 0.7(0.452) +0.3(0.473) = 0.458. 

Step I: calculation of mean age at maternity. Refer to 
step 1 of subsection B.2 (b) (iii), where the mean age of 
mothers at maternity, M, was estimated as 28.8 years for 
Bolivian women. 

Step 2: calculation of survivorship probabilities. Table 
94 summarizes the calculations needed to estimate these 
probabilities. It shows that the application of equation 
(B.ll) is straightforward and that the estimation process 
is very simple. Once again, the mortality level consistent 
with each survivorship ratio in the West family of model 
life tables has been computed by interpolating in table 
210 in annex Vl (see step 3 of subsection B.2 (b) (iii)). 
Note that for a value of n under 40, the survivorship 
estimates obtained by this method are very similar to 
those obtained by the Brass procedure (see table 91). 
For values of n of 40 and over, however, the differences 
increase with n ; for these ages, the regression-based esti- 
mates would probably be preferable. 

Step 3: calculation of number of yervs kfow the survey 
to which the swviwrship estimates refer. As stated by 
equations (B.12) and (B.13), the values of this reference 
period, denoted by t (n), depend in this case upon the 
observed proportions not orphaned in each five-year age 

Since the values listed in table 88 do not cover the age 
range ffom 76 to 77, linear extrapolation was used to 
calculate Z(76.3). The complete set of Z(x) values is 
shown in column (4) of table 95. Using equation (B.12) 
and these values as input, the set of u(n) values can be 
calculated. For example, 

so that 

The complete set of t(n) values, the number of years 
prior to the survey to which each survivorship estimate 
refers, is shown in column (6) of table 95. Since the sur- 
vey reference date is 1975.6, these t(n) estimates can be 
transformed to dates by subtraction, the results being 
shown in column (7) of table 95. The West mortality lev- 
els implied by each survivorship estimate are also shown 

TABLE 94. CALCULATION OF FEMALE SURVIVORSHIP PROBABILITIES FROM ~ 0 ~ 2 5  USINO 
PROPORTIONS WITH SURVIVINO MOTHERS AND THE REOReSSlON METHOD. BOLIVIA. 1975 

MF- 
F a d e  d u b  

wnld 
b - w  

4-3 R""" I, S+m)lI,05) 
(4) (5) 

0.9252 0.929 
0.8807 0.892 
0.78% 0.8 10 
0.69 15 0.722 
0.5737 0.612 
0.4467 0.484 
0.3546 0.383 

TABLE 95. ESTIMATION OF TIME REFERENCE PERIODS FOR SURVIVORSHIP PROBABILITIES DERIVED PROM 
MATERNAL ORPHANHOOD DATA USlNO THE REORESSION METHOD. BOWVIA, 1975 

 umber of prior to the survey to which survivorship estimates refer. 
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in table 95 to facilitate comparisons and assessment. 
Note that, as already pointed out in subsection 8.2 (b) 
(iii), the pace of the mortality change implied by these 
estimates between 1960 and 1966 seems implausibly 
rapid. It is also clear that the relatively low mortality 
associated with values of n of 20,25 and 50 are suspect, 
that for 50 because it does not conform with the trend of 
the rest, and those for 20 and 25 because they imply a 
fairly important decline in mortality from mid-1964 to 
1966, compared with a very moderate decline in pre- 
vious years. It is very likely that the survivorship esti- 
mates for n values of 20 and 25 are biased upward by 
the adoption effect and that the survivorship ratio for n 
of 50 is distorted both by overreporting of age and by 
misreporting of maternal survival. 

(d) Use of dorafrom nvo surveys 
One of the problems faced when estimating adult sur- 

vivorship probabilities from data on the survival of 
parents is that if mortality has been changing, the esti- 
mates refer to some fairly distant point in the past. If, 
however, information of orphanhood has been collected 
by two censuses or surveys and the period between them 
is a multiple of five years, cohorts from the first census 
can be identified at the second, and survivorship proba- 
bilities applicable to the intersurvey period can be 
estimated from the constructed proportions not 
orphaned for a hypothetical intersurvey cohort of 
respondents. It is assumed, of course, that migration 
does not affect either set of proportions not orphaned 
and that no relationship exists between the mortality of 
the respondents and that of their mothers. If the period 
between the two surveys is not a multiple of five years, a 
set of proportions not orphaned for a suitable point in 
time can, in some circumstances, be estimated by inter- 
polation between or extrapolation beyond the observed 
sets. 

(i) lhta required 
The following data are required for this method: 
(a)  The proportion of respondents with surviving 

mother in each five-year age group from n to n +4 for 
two points five or 10 years apart, denoted by S(n, 1) for 
the first survey and S(n, 2) for the second; 

TABLE 9 6 .  CALCULATION OF PROPORTI 
INTERSURVEY COHORT. 

(6 )  The number of births in a year classified by five- 
year age group of mother from one of the surveys (and 
preferably from both) or for some year in the intersurvey 
period. 

(ii) Computational pruceahre 
The steps of the computational procedure are given 

below. 
Step 1: calculation of mean age at maternity. See the 

description of step 1 given in subsection B.2 (b) (ii). If 
the data required for the calculation of the mean age, 
M, are available from both surveys, M can be calcu- 
lated for both, and the average can be used in the 
analysis. If the required data are available for only one 
of the two surveys, or for some intermediate point, then 
the value of M obtained for that point should be used. 

Step 2: calculation ofproport~~ns not orphaned for a 
hypothetical intersurvey cohort of respondents. The con- 
cept of a hypothetical cohort has already been discussed, 
and other uses of it appear in chapters I1 and 111. The 
procedure followed in calculating the proportions not 
orphaned among a hypothetical intersurvey cohort of 
respondents depends upon the length of the interval 
between the surveys, which is denoted by T. The value 
of T should be a multiple of five, so that the survivors of 
a standard five-year age group at the earlier survey can 
be identified as belonging to a standard five-year age 
group at the second survey. If one denotes by S(n, 1) 
the proportion of persons in the age group from n to 
n +4 whose mother was alive at the time of the first sur- 
vey and by S(n + T, 2) the equivalent proportion at the 
second survey, then S(n + T, 2) is the proportion not 
orphaned at the second survey among the survivors of 
those whose proportion not orphaned at the first survey 
was S(n, 1). Using this notation, and assuming that T is 
a multiple of five, the proportions not orphaned for a 
hypothetical intersurvey cohort, S(n, s), are obtained as 
follows: 

S(n, s)=S(n -T, s )  S(n, 2)/S(n -T, 1) for n )T 

(B. 15) 

IONS NOT ORPHANED FOR A HYPOTHETICAL 
CONSTRUCTED EXAMPLE 

Proportions taken directly from second survey. 
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Step 3: txlculation of survivorship probabilities. Once 
the proportions not orphaned for the hypothetical cohort 
have been calculated, survivorship probabilities are 
obtained from them and from the mean age at mater- 
nity, M, estimated in step 1 by using either the Brass or 
the regression method (see subsections B.2 (b) (ii) and 
B.2 (c) (ii)). The survivorship probabilities obtained 
from hypothetical-cohort data should reflect adult mor- 
tality levels during the intersurvey period, so there is no 
need in this case to estimate the reference period, r(n), 
to which each estimate refers. 

(iii) A &tailed example 
The only difference in the applications just described 

and the intersurvey method lies in the calculation of the 
proportions with surviving mother in a hypothetical 
cohort. Thus, a constructed example of the way in which 
to calculate these proportions (step 2) is given in table 
96. Column (3) shows the proportions not orphaned at 
the first survey, classified by five-year age group; and 
column (4) shows the corresponding proportions at the 
second survey. 

Column (5) shows the hypothetical-cohort proportions 
not orphaned for an intersurvey period of five years. To 
illustrate, the value for age group 15-19, 0.835, is 
obtained as follows (from equations (B.14) and (B.15)): 

It may be mentioned that this value may also be 
obtained by 

Column (6) shows the hypothetical-cohort proportions 
not orphaned for an intersurvey period of 10 years. The 
value for age group 20-24, 0.739, is obtained as follows 
(from equations (B. 14) and (B. 15)): 

Again this value may be obtained by 

Intersurvey adult survivorship probabilities, allowing 
for both mortality and fertility change (if M can be cal- 
culated from data at the beginning and at the end of the 
intersurvey period) can now be obtained by applying 
either the Brass or the regression method to the 
hypothetical-cohort proportions not orphaned (see sub- 
sections 8.2 (b) (ii) and B.2 (c) (ii)). 

3. Ertimation of odttlr survivorship 
h e d  on proportions widowd 

(a) Basis of method and its rationale 
The proportions of ever-married persons classified by 

age whose first spouse is still alive can be used to esti- 
mate adult survivorship probabilities in much the same 
way as the proportions not orphaned can be so used. In 
the case of widowhood, an additional possibility exists 
because the ever-married respondents can be classified 
by duration of mamage. In order to ensure that there 
shall be only one person at risk of dying per respondent 
and to minimize the problems arising because of remar- 
riage, the data collected should refer only to the survival 
of the first spouse of each respondent. Hence, the meas- 
ure of duration required is the time elapsed since the 
respondent's first union. Classification of the data by 
duration of first maniage has the methodological advan- 
tage of establishing directly the length of exposure to the 
risk of dying of the spouse; and it may have a very real 
practical advantage in some parts of the world, where 
duration of marriage appears to be more accurately 
reported than age. When data are classified by age, the 
length of exposure to the risk of dying has to be 
estimated from the current age of the respondent and a 
measure of the average age at marriage of all respon- 
dents. 

The estimation of adult mortality based on in- 
formation about widowhood status has several advan- 
tages over that based on the orphanhood status of 
respondents. Since only first marriages are being con- 
sidered, there is in all cases only one respondent for each 
target person. Further, no type of adoption effect is 
likely to affect this type of data, so proportions not 
widowed for the shorter average exposure periods may 
produce acceptable survivorship estimates referring to 
more recent periods which are generally those of greater 
interest. Lastly, experience suggests that because the 
most reliable information about survival of first spouse 
is provided by women, these methods provide a fairly 
good means of estimating male adult mortality, the esti- 
mation of which from data on paternal orphanhood is 
the weakest both from a methodological point of view 
and for reasons related to data quality. 

However, this estimation .method shares several of the 
disadvantages associated with those based on orphan- 
hood. Once more, the universe to which the estimated 
survival probabilities refer is not the entire population: 
in this case, they refer only to the ever-married portion 
of it. Yet, in countries where almost universal marriage 
is the rule, the biases that may be introduced by assum- 
ing that mortality risks among the never-married are 
similar to those estimated for the ever-married are likely 
to be small. A second disadvantage of this method is that 
it assumes that mortality and nuptiality have remained 
constant in the recent past and that the survival of the 
respondent is independent of that of his or her spouse, 
assumptions that are not likely to hold strictly in prac- 
tice. In addition, a disadvantage specific to widowhood 
data classified by age is that the length of exposure to 
the risk of dying of a respondent's first spouse has to be 



estimated from the respondent's age and from a sum- 
mary measure of age at first mamage, thus introducing 
yet another level of approximation. Lastly, in terms of 
data quality, it is likely that in cases where the respon- 
dent has remarried and shares a household with the new 
spouse, the interviewer may neglect to ask explicitly the 
question about survivorship of the first spouse. 

There is little that the analyst can do to minimize the 
negative effects of some of these disadvantages on the 
h a 1  estimates of survivorship. With respect to data 
quality, it is obviously important to make sure that the 
interviewer understands the concepts being used and 
avoids mistakes such as that cited above. The assump- 
tion of constant mortality has been relaxed by the work 
of Brass and ~ a m ~ b o ~ e , "  who propose a method to 
estimate the time reference of the survivorship probabil- 
ities derived from data on widowhood. Of course, the 
change of mortality assumed in deriving reference 
period estimates does not represent all possible patterns 
of change, but it is general enough to be adequate in 
most circumstances. 

The assumption of constant nuptiality in the past can 
be relaxed if the mean ages of both respondents and 
their spouses at first marriage are estimated for each age 
or marriage-duration group of respondents. In such a 
case, the SMAM, and SMAM values appearing in 
equations (B.17HB.26) should C replaced by age or 
duration-specific values (according to the respondents' 
age group being used). This approach is possible if 
reliable data on the retrospective mamage history of the 
population under study are available. 

This introductory section may be concluded by point- 
ing out that the widowhood methods presented in this 
chapter represent recent revisions of the procedures first 
proposed by  ill" and later revised by Hill and 
~russell.'~ 

(b) Wdowhood data c l ~ ~ ~ i f i d  by age 
(i) Dotarequired 
This method seeks to estimate male (female) proba- 

bilities of surviving from age 20 to age n from the fol- 
lowing data: 

(a) The observed singulate'mean ages at marriage for 
men (SMAM,) and for women (SMAMf ). For a 
description of the way in which to estimate these ages 
from the proportions single claksified by age, see annex 
I. To calculate the proportions single in each age group, 
the basic data reauired are: the total male (female) 
population; and h e  male (female) population single; 
both classified by five-year age group; 

(b) The proportion of ever-married women (men) in 
each five-year age group whose first husband (wife) was 
alive at the time of the interview. The proportion of 
respondents aged from n to n +4 with first spouse alive 
is denoted by NW(n). Note that the set of proportions 

non-widowed, NW(n), can be obtained by having as 
input any two of the following: (a) the number of 
respondents whose first spouse was alive at the time of 
the interview classified by five-year age group; (b) the 
number of respondents whose first spouse was dead 
classified by five-year age group; and (c) the total 
number of ever-married respondents who declared the 
survivorship status of their first spouse, also classified by 
five-year age group. Since category (c) is supposed to be 
the sum of the first two, it is important to make sure that 
it excludes all respondents who did not know or did not 
declare the survivorship status of their first spouse. 

(ii) Computational procehre 
The steps of the computational procedure are 

described below. 
Step 1: calculation of proportions not widowd The pro- 

portion of female (male) respondents not widowed in 
the age group from n to n +4, denoted by NW(n), is' 
equal to the ratio of female (male) respondents aged 
from n to n +4 whose first husband (wife) was alive at 
the time of the interview and the total number of ever- 
married female (male) respondents aged from n to n +4 
who declared the survivorship status of their first hus- 
band (wife). Since the latter figure equals the sum of the 
female (male) respondents aged from n to n +4 with 
first husband (wife) alive and those of the same age 
group with first husband (wife) dead, knowledge of only 
these two categories of respondents is sufficient to calcu- 
late the desired proportions. 

In order to estimate survivorship probabilities for 
males, the method requires that the proportions of 
females not widowed be known, while knowledge of the 
male proportions not widowed is necessary to estimate 
female survivorship probabilities. 

Step 2: calculation of singulate mean age at mammamage for 
both males and f d e s .  For a description of the pro- 
cedure required to calculate the singulate mean age at 
marriage, SMAM, see annex I. Both values are neces- 
sary when estimating either male or female survivorship 
probabilities from widowhood data classified by age. 
Subindices f and m are used to distinguish the values 
referring to females from'those referring to males. 

Step 3:' dculation of survivorship probabilities. The 
relationship between the variables calculated in the pre- 
vious steps and certain probabilities of survivorship was 
established by using least-squares regression to fit the 
following equations: 

l2 W. Brass and E. A. Bamgboyc, op. cit. 

13 K. nmWi, levelr f,,,,,, infomation on to data generated by using model mortality and nuptial- 
widowhood". p o p d m  a d ,  "01. X ~ X I ,  NO. I (March l m ) ,  pp. ity schedules (see chapter I). The estimated regression 
75-84. coefficients a h ) ,  b(n), c(n) and d(n) are shown, for 

l4 K. Hill and J. Trussell, loc.cit. each'value of ;,-in tables 97 ind 98. Also shown in each 



T M L E 9 7 .  COEFFICIENTS FOR ESTIMATION OF CONDITIONAL MALE SURVIVORSHIP PROBABILITIES 
FROM DATA ON THE WIDOWHOOD STATUS OF FEMALE RESPONDENTS 

C a ~ r n  

/ I  ) 73 %) 7: 

Estimation equation: 
Im(n)/Im(2O)=a(n)+b(n)SMAMf +c(n)SMAMm +d(n)NWf (n -5) 

TMLE 98. COEFFICIENTS FOR ESTIMATION OF CONDITIONAL FEMALE SURVIVORSHIP PROBABILITIES 
FROM DATA ON THE WIDOWHOOD STATUS OF MALE RESPONDENTS 

25 .............. -0.0208 0.00052 - 0.00 137 1.045 1 
30.. ............ -0.2135 0.00104 -0.00329 1.2791 
35 .............. -0.1896 0.00 162 - 0.00492 1.2884 
40.. ............ -0.1290 0.00236 - 0.00624 1.2483 
45.. ............ -0.07 13 0.00340 - 0.00742 1.2005 
50.. ............ -0.0327 0.00502 -0.00860 1.1590 
55 .............. -0.0139 0.00749 -0.01019 1.1297 

Estimation equation: 
If(n)/If (2O)= a(n )+b(n)SMAMf +c(n )SMAMm +d(n )N Wm(n ) 

table is the estimation equation to be used in each case. Equations (B.17) and (B.18) are to be used when the 
Note that according to table 97 male survivorship prob- estimated survivorship probabilities refer to males, while 
abilities are estimated by using as input the proportions equations (B.19) and (B.20) are to be used when they 
of non-widowed females, while according to table 98 refer to females. Note that the form of these sets of two 
female survivorship probabilities are estimated from the equations is essentially the same, with the subindices 
observed proportions of non-widowed males. indicating the sex categcry reversed. In both cases 

Step 4: calmlotion of number ofyears before the (males and females), the quantity n +2.5 - SMM is 
to n ~ l i ~ h  -ivorship estimaes refer. cases where mar- used as an indicator of the mean duration of first mar- 
tality has been changing regularly (that is, when the riage of respondents aged from n to n +% and the 
change can be assumed to be linear on the logit scale) values of the standard function Z(x) are obtained by 
dunng the 15 or 20 years preceding the survey, estimates i~te'polating linearly between those listed in table 88. AS 
of the time, denoted by t(n), to which each of the sur- the detailed example illustrates, the use of these equa- 
vivorship probabilities obtained in the previous step tions is simple; and the timing estimates they yield, 
refers can be calculated by using the following equa- though not exact, are adequate indicators of the refer- 
tions: ence periods to which survivorship probabilities apply, if 

the change in mortality has been fairly steady and 
u,,,(n)=0.3333 In NW,-(n - 5)+ smooth. 

(iii) A &ailed example 
Considered here is the case of ever-mamed women 

+0.0037(27.0 - SMA M, ) 
who were questioned about the survival status of their 

(B'17) first husband durine the National Demoera~hic Survev 

t,(n)= (n -2.5-SMAM')(l.O-um(n))/2.0 (B.18) 
of Bolivia, camed Gut between 15 June ind.31 ~ctobe; 
1975.15 Data gathered by this survey have already been 

or 

uf (n )=  0.3333 In NW, (n )+ 

used in llus'irating thd applicati&n of the estimation 
method based on the orphanhood status of respondents. 

The steps of the computational procedure are given 

Z(SMAM, +n +2.5-SUAM,) 
below. 

Step 1: calculation of proportions not widowed Table 99 
+0.0037(27.0 - SA-4 M' ) (B-19) shows the raw data gathered by the survey and the pro- 



T m e  99. Even-MARRIED FE~ULE ~OPULATION AND NUMBER OF WOW 
EN WHOS@ FIRST HUMAND WAS DEAD AT TIME OF INTERVIEW, BY AOE 
onour. B~IVIA 1975 

portions of ever-married women whose husbands were 
still alive at the time of the interview. NW/ (n). In com- 
puting these proportions, the denominator used is the 
number of ever-married women rather than all women 
and there were no cases of non-response. The propor- 
tions NW (n )  shown in column (4) are obtained by 
dividing e number of women with Rnt husband dead 
(appearing in column (3) of table 99) by the number of 
ever-married women reporting first husband's survivor- 
ship status (listed in column (2)) and subtracting the 
result from 1.0. Thus, NWf (25) is calculated as 

Step 2: oal&ion of singulate mean age at marriage for 
tznh molts a d  females. For a detailed explanation of the 

way in which to calculate the necessary SMAM values, 
see annex I. In the case of Bolivia in 1975, these values 
are: S M M ,  = 25.3 years; and SMAMr = 23.2 years. 

Step 3: calculation ./survivorship P&ilitiesfoi males. 
Using the coefficients shown in table 97 and applying 
the version of equation (B.16) appearing in this table 
with SMM, = 23.2 years, SMAM, = 25.3 years, and 
the observed proportions not widowed, NWf(n), the 
survivorship probabilities listed in column (6) of table 
100 are obtained. As an example, 1, (50)/1, (20) is calcu- 
lated below: 

Also shown in table 100 (column (7)) are the mortal- 
ity levels to which each estimated survivorship probabil- 
ity corresponds in the Coale-Demeny West family of 
model life tables. These levels are obtained by interpo- 
lating linearly between the values listed in table 226 (see 
annex VII). See step 3 of subsection B.2 (b) (iii) for a 
detailed example of the interpolation procedure used. 

Step 4: calculation of number of years *re the survey 
to which the male survivorship probabu'lities refer. Since 
male survivolship is being estimated, equations (B.17) 
and (B.18) are used to calculate this reference period, 
denoted by t (n). Table 101 shows the necessary input 

TMLE 100. ESTIMATION OF MALE SURVlVORSHlP PROBABlLlT IES FROM INFORMATION 
ON SURVIVAL OF FIRST HUSBAND. BOLIVIA 1975 

war 

Tzv 
(7) 

14.3 
16.3 
16.6 
15.7 
15.4 
15.3 
13.3 
14.7 

TABLE 101. ESTIMATION OF TIME REFERENCE PERIODS FOR MALE SURVIVORSHIP PROBABILITIES DERIVED FROM 
INFORMATION ON SURVIVAL OF FIRST HUSBAND. BOLIVIA. 1975 

war 

YZv 
m 

16.3 
16.6 
15.7 
15.4 
15.3 
13.3 
14.7 

a Number of years prior to the survey to which survivorship estimates refer. 



information and some of the intermediate results. The 1963, is also disregarded, the improvement in adult mor- 
observed proportions of females who were not widowed, tality is more modest (about one level) and perhaps 
NWf(n - S), are listed in column (2); and the values of somewhat more plausible. Unfortunately, the mortality 
(SMAM, + n -2.5-SMAM,) for each n are denoted levels that refer to periods comparable to those already 
by x, ( n )  and are listed in column (3). The function Z is estimated' for Bolivia from maternal orphanhood data 
calculated for each of these x, (n)  values by interpolat- (see tables 92 and 95) do not quite match the latter; and 
ing in table 88. Note that the data for the first value of n , although they refer to different sexes (the orphanhood 
25, have been excluded from table 101 because the tabu- estimates refer to female mortality, while those derived 
lated values of Z do not cover the value of x(25) = here correspond to males), the lack of consistency 
25.6; and although extrapolation is possible, it leads to observed suggests that at least one of these sets of esti- 
an estimate o f t  (25) that is negative, a clearly unaccept- mates may be seriously deficient. Although at this stage 
able outcome. However, this result indicates that in a it seems more likely, given the trend they imply, that the 
population where the female singulate mean age at mar- estimates derived from orphanhood information are the 
riage is 23 and that of males is 25, an estimate of the deficient set, further evidence is required to make a 
male probability of surviving from age 20 to age 25 definite decision. 
derived from reports of ever-mamed females aged 20-24 
is likely to be fairly poor, since a sizeable proportion of (c) Mdowhooddata classified by duration offirst marriage 
.the women in this age group are not yet married and the (i) ma required 
mean exposure to the risk of dying of their husbands is Male (or probabilities of surviving from age 
relatively short. Such an indication is corroborated, in 20 to age can also be estimated from data on survival 
this case, by the fact that the mortality level associated of first spouse by duration of marriage (mess- 

L(25)/1m(20) is quite Out '' line with the ured as the time elapsed since first union). The specific 
subsequent estimates (see table 100). data required for the application of this variant of the 

Returning to the calculation of Z(x), the procedure method are listed below: 
followed in the case of n = 45 is illustrated. First: (a)  The observed singulate mean age at marriage, 

X, ( 4 5 ) ~  25.3 + 45.0- 2.5 - 2 3 . 2 ~  44.6 S U A M ,  for males (females). This age is estimated from 
the proportion of single males (females) in each five- 

then year age group. For a detailed description of the pro- 
cedure used in estimating the singulate mean age at 

Zm(44.6)=0.4(0.130)+ 0.6(0.139)= 0.135. marriage, see annex I. Observe that when widowhood 
data are classified by duration of first marriage, only one 

Therefore, using equation (B. 17), value of S U M  is needed in each case: if male mortal- 
ity is being estimated from data from female respon- 

um (45)= 0.3333 In NWf(40)+ 2(44.6)+ 0.0037(1.7) dents, only the value of SMAM for males is required; 
and vice versa; 

= 0.3333 In (0.8735)+ 0.135+ 0.0063 (b) The proportion of ever-married women (men) 

= 0.0962; whose first husbands (wives) were alive at the time of the 
interview, classified by five-year duration-of-marriage 

and according to equation (B.18), group. These proportions are again denoted by N W(k ), 
where k now represents the lower limit of each duration 

tm (45)= (45.0- 2.5 - 23.2) (1 .O- 0.0962)/2.0 group, that is, NW(k) is the proportion not widowed 
among respondents first married from k to k + 4 years 

= (9.65) (0.9038) = 8.7. before the survey. As in the case of data classified by 
age, the proportions not widowed can be calculated 

That is, the estimate of 1, (45)/1, (20), which from any two of the following: ( 0 )  the number of 
corresponds to a West mortality level of 15.4, refers respondents whose first spouse was alive at the time of 
approximately to 8.7 years before the survey; and since the interview classified by five-~ear duration group; (b) 
the latter has as reference date 1975.6 (see step 4 of sub- the number of respondents Whose first Spouse was dead 
section B.2 (b) (iii), the reference date for 1, (45)/1,, (20) at Ihe time Ihe interview classified by five-year dura- 

is end of ,966, as shown in column (7) of table 101. tion group; (i) the total mmber of ever-married respon- 

The mortality levels with the survivorship dents who declared the survivorship status of their first 

probabilities obtained in the previous step are listed in 'larsified five-~ear duration group. Since 

column (8) of table 101 to allow a quick assessment of category (c) is to be the sum the first two- it 

the rrsulfs obtained. It is worth note that, disre- is important that it exclude all respondents who did not 

garding the ntimate (/,,, (60)/L (20)). the adult mar- know Or did not Ihe survivonhi~ status of their 

tality trend followed by the other estimates seems rapid SPOUY. 

though not impossible, implying a gain of some three (ii) ComPutationalPr~e~re 
mortality levels (or approximately 7.5 years in expecta- The steps of the computational procedure are 
tion of life) during 10 years or so. If the estimate associ- described below. 
ated with lm(55)/Im(20), referring to approximately Step I :  calculation of proportions not widowed among 
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female (male) respondents. The proportion of female 
(male) respondents not widowed in the duration group 
from k to k + 4, denoted by NW(k), is equal to the 
ratio of the number of female (male) respondents first 
married from k to k + 4 years earlier whose first hus- 
band (wife) was alive at the time of the interview 
divided by the total number of ever-mamed female 
(male) respondents in the same duration group who 
declared the survivorship status of their first husband 
(wife). 

Note that male survivorship probabilities are 
estimated from the proportions of non-widowed 
females, whereas female survivorship probabilities are 
estimated from male proportions not widowed. 

Step 2: calculation of singulate mean age at marriage for 
males (jemales). The necessary value of SMAM is calcu- 
lated according to the procedure described in annex I. 
Note that the value of SMAM required is that 
corresponding to the sex category for which survivorship 
probabilities are being estimated. 

where the male proportion not widowed and the female 
SMAM replace the female proportion not widowed and 
the male SUAM of equation (B.21). Note, however, that 
the estimated regression coefficients to be used also 
change; those listed in table 102 a n  to be employed in 
estimating male survivorship, while those given in table 
103 should be employed in estimating the survivorship 
probabilities for females. 

TABLE 103. COEFFICIENTS FOR ESTIMATION OF CONDITIONAL FEMALE 
SURVIVORSHIP PROBABILITIES FROM THE WIDOWHOOD STATUS OF MALE 
ltEM)NDENt$ CLASSIFIED BY DURATION OF MARRIAGE 

Step 3: calculation of swviwrship probabilities for males Estimation equation: 

(jemales). When male mortality is being estimated, the l f (n) / l f (2O)=o(n) + b(n)SMAMf + c ( n )  NWm(n-25) 

~robabilitv of survival from age 20 is related to the 
;ingulate hean age at marriag;for males and the pro- Step o/ndr brfire the 
portion of women in a given duration-of-marriage group to de Miwrship poMilitier In cases 
with a surviving first husband. The following equation is where has been changing regularly during the 
used: 15 or 20 years preceding the survey (that is, when the 

change in mortality has been roughly linear on the logit 
1m(n)/1m(20)=a(n)+ b(n)SMAMm +c(n) NW/(n -25) scale), estimates of the time to which each of the sur- 

vivokhip probabilities obtained in the previous step 
(B.21) refers can be calculated using the following equations: 

where a(n ), b (n ) and c (n ) are the coefficients shown in 
table 102; and NWf (n -25) is the proportion of women 
in the duration group from n -25 to n -21 having a sur- 
viving first husband. As in the case of the method based 
on data classified by age, the coefficients of equation 
(B.2 1) were estimated by using least-squares regression 
to fit this equation to data generated from model mortal- 
ity and nuptiality schedules (see chapter I). 

I An equivalent relation is used to estimate female sur- 
vival probabilities, namely, 

TABLE 102. COEFFICIENTS FOR ESTIMATION OF CONDITIONAL MALE 
SURVIVORSHIP PROBABILITIES FROM THE WIDOWHOOD STATUS OF FE- 
MALE RESPONDENTS. CLASSIFIED BY DURATION OF MARRIAGE 

Estimation equation: 
lm(n)llm(20)= a (n  )+b(n )SMAMm +c(n)NWf (n -25) 

u,(n)= 0.3333 In NWf (n - 25)+Z(n -22.5 + SMAM,) 

uj(n)= 0.3333 In NW,(n -25)+Z(n -22.5 + SMAM') 

Equations (B.23) and (B.24) are used when the 
estimated survivorship probabilities refer to males, while 
equations (8.25) and (8.26) are used when they refer to 
females. Note that the form of these sets of eqhations is 
essentially the same, with the subindices indicating sex 
category reversed. In both cases (males and females), the 
quantity n -22.5 is the mid-point of the duration group 
to which the respondents belong, and the values of the 
function Z ( x )  are obtained by interpolating linearly 
between those listed in table 88. 

(iii) A detailed example 
The use of data on the survivorship of first spouse 

classified by duration of marriage to estimate adult sur- 
vivorship probabilities is illustrated by using data gath- 



ered by the National Demographic Survey camed out in 
Panama between August and October 1976. Table 104 
shows ever-mamed males classified by time since first 
mamage and survival of first spouse. The survivorship 
probabilities to be estimated refer to females. Note that 
in table 104 the number of men who said they had been 
mamed, but who did not know the duration of their 
mamage, constituted a sizeable proportion of the total 
(slightly over 10 per cent). This level of non-response 
suggests that the data may not be reliable: in a country 
where some 10 per cent of the mamed male population 
does not declare or does not know the duration of their 
marriage, .it is unlikely both that duration will be 
correctly reported by the rest and that those of unknown 
duration have the same characteristics as those who 
declared a duration. One possible treatment for the cases 
of non-response is to divide them among the different 
durations according to the proportions implied by the 
known cases. This procedure would be based on the 
assumption that, for a given survival of first spouse 
(dead or alive), all persons are equally likely to fail to 
state the duration of their union. However, it seems rea- 
sonable to suppose that people belonging to unions that 
have lasted longer are more likely to have forgotten the 
date when the union began, so a more complicated 
redistribution procedure should probably be used. Yet, 
such a procedure would require that an assumption be 
made about how the probability of not stating a date of 
first union changes according to the time elapsed since 
the union began. Because no information is available on 
this matter, the likelihood of introducing substantial 
biases in the final results by making incorrect assump- 
tions is high. In view of this possibility, it seems safer to 
ignore completely the cases of unknown duration when 
carrying out this analysis, while bearing their existence 
in mind at the point of interpreting the final results. 

The computational procedure for this example is 
given below. 

Step I :  calculation of proportions not widowd among 
male respondents. Table 104 shows all the data categories 
that can be derived from a simple question on the sur- 
vivorship status of the first wife of each ever-married 
male respondent. For some duration groups, the number 
of respondents who did not declare the survivorship 
status of first wife constitutes a sizeable proportion of 

those who declared that their first wives were dead. 
Again, this characteristic of the data renders their qual- 
ity suspect, since if one were to assume that all cases of 
non-response were, in fact, cases of dead first wives, the 
survivorship estimates obtained would be substantially 
different, especially at lower mamage durations. Strictly 
speaking, however, there is no basis for making such an 
assumption; and in the rest of this analysis, the respon- 
dents who did not declare the survivorship status of their 
first wife are ignored. Therefore, to calculate the pro- 
portion of respondents not widowed, NW,(k) in dura- 
tion group 10-14, for example, the number with first wife 
alive is divided by the sum of those with first wife alive 
and those with first wife dead, as shown below: 

NW, (lo)= 1,096/(1,096 +23) = 0.9794. 

Note that NW,(lO) can also be obtained by dividing 
the number with first wife alive by the difference 
between all possible respondents and those whose wives* 
survival status is not known. Thus, 

The full set of NW, (k) values is shown in column (7) 
of table 104. 

Step 2: calculation of singulate mean age at marriage for 
f d e s .  For a detailed description of the procedure to be 
used in calculating the values of SMAM for females, see 
annex I. In this case, SMAMf was found to equal 22.01 
years. 

Step 3: calculation of survivorship probabilities for 
females. Equation (B.22) is used to calculate the female 
probabilities of surviving from age 20 to age n .  These 
probabilities are calculated by using as input the propor- 
tions not widowed among ever-mamed respondents, the 
female singulate mean age at mamage, and the 
coefficients listed in table 103. Table 105 shows the 
details of the calculations. Note that the final estimates 
of survivorship probabilities are not, in this case, very 
different from the original proportions of respondents 
with a surviving first wife. The West mortality level asso- 
ciated with each survivorship probability has been 
estimated by interpolating linearly between the values 
shown in table 222 in annex VII (see step 3 of subsection 

TABLE 104. DATA ON SURVIVORSHIP STATUS OF FIRST WIFE. 
MALE RESPONDENTS. PANAMA. 1976 

Unknown 



TABLE 105. ESTIMATION OF ADULT FEMALE SURVIVORSHIP PROBABILITIES FROM MALE DATA 
ON SURVIVAL OF FIRST SPOUSE. BY DURATION OF MARRIAGE. PANAMA, 1976 

B.2 (b) (iii) for a detailed example of the procedure for 
calculating them). These levels imply, in general, that 
mortality among females in Panama was very low dur- 
ing the early 1970s. 

Step 4: calculatiq of monbr of ymrs before the survey 
to which the male -wrshipprobabilities nfer. The West 
mortality levels shown in column (6) of table 105 suggest 
that mortality has not remained constant in Panama, 
since the reports of respondents who have been married 
for a longer period of time are associated with lower lev- 
els (that is, higher mortality) than are those associated 
with the reports of respondents married for a shorter and 
more recent period. It is important, therefore, to obtain 
some indication about the time periods, denoted by t(n), 
to which the estimated survivorship probabilities refer. 
Equations (B.25) and (B.26) are therefore used to esti- 
mate r/(n). Table 106 shows some of the intermediate 
values required for their calculation and the final t/(n) 
estimates. The values of Z'(x) are obtained by interpo- 
lating linearly between the values listed in table 88, and 
x (n) is used to denote the quantity n -22.5 +SMAM,. 
dnce the sumy took place between August and 
October of 1976, the mid-point of this period, 
corresponding in decimal form to 1976.7, is used as its 
reference date (see step 4 of subsection B.2 (b) (iii) for an 
example of how to calculate the decimal equivalent of 
this mid-point). Hence, by subtracting the estimated 
r/(n) values from 1976.7, the date to which each sur- 
vivorship probability refers can be obtained. These 

I reference dates are shown in column (7) of table 106; 
and to facilitate comparison, the West mortality levels 
obtained in the previous step are listed in column (8) of 
the same table. Without any other evidence, the trend of 

the dated survivorship estimates implying an improve- 
ment in adult female mortality of about a quarter of a 
level per annum seems plausible, although the estimated 
levels are relatively high. Because of the deficiencies 
noted earlier in this data set, the possibility that the 
reports on widowhood status of male respondents may 
understate true widowhood levels must be explored 
further before the estimates shown in table 105 can be 
fully accepted. 

(d) Uke of wi&nvhoid &a fm tw surveys 
Mortality estimates from widowhood share with those 

from orphanhood the problem of referring to periods 
located a substantial length of time before the survey, 
and the time reference of the estimates can only be 
identified when mortality has been changing regularly. 
A method for obtaining estimates or mortality that refer 
to a well-defined period of time by using orphanhood 
data from two surveys has been suggested earlier. 
Strictly speaking, a parallel approach cannot be used 
with widowhood data classified by age of respondent 
because age group do not define marriage cohorts; and 
the change in proportions not widowed from one age 
group to the next is generally deflated by the influx of 
newly married respondents whose exposure to the risk of 
dying while married is below the average of the group. 
However, the same phenomena affect the proportions 
not widowed by age group at each survey; thus, as long 
as age patterns of marriage remain more or less con- 
stant, the proportions not widowed for a hypothetical 
intersurvey cohort will be representative of the intersur- 
vey mortality experience. These proportions can be cal- 
culated following the method described in the case of 

TABLE 106. ESTIMATION OF TIME REFERENCE PERIODS FOR FEMALE SURVIVORSHIP PROBABILITIES 
DERIVED FROM MALE WIDOWHOOD DATA, PANU 1976 

' Number of years prior to the survey to which survivorship estimates rrfer. 



orphanhood data (see subsection B.2 (d)) and can then 
be analysed by using the method described in subsection 
B.3 (b), with average male and female singulate mean 
ages at mamage during the intersurvey period as addi- 
tional inputs (these average ages can be calculated as the 
mean of those corresponding to the beginning and end 
of the intersurvey period). 

On the other hand, when widowhood data are 
classified by time elapsed since first marriage, five-year 
duration groups do represent mamage cohorts; and pro- 
portions not widowed for a hypothetical mamage cohort 
representing intersurvey experience may be calculated 
from two sets of observed proportions not widowed 
classified by duration and obtained from surveys or cen- 
suses five or 10 years apart. The calculation of the pro- 
portions not widowed representing the experience of a 
hypothetical intersurvey cohort is carried out exactly as 
described in step 2 of subsection B.2 (d) (ii) for the case 
of proportions not orphaned, with duration groups sub- 
stituted throughout for age groups. Because the com- 
plete computational procedure to be followed in this 
case is very similar to that followed in the case of data 
on orphanhood and because no data sets on widowhood 
by duration from two surveys are as yet available, a 
detailed description of the application of this method is 
omitted. 

C. ESTIMATION OF SURVIVORSHIP TO 
ADULTHOOD FROM BIRTH 

1. General chamcteristics of methodr 
In this section, an extension of the conditional 

methods discussed in section B is presented. The 
methods that are described allow the estimation of prob- 
abilities of survival from birth, that is, of probabilities 
that are no longer conditional. These probabilities are 
estimated by means of equations that include 1(2), the 
probability of surviving from birth to exact age 2, as an 
independent variable, to take account of mortality in 
childhood. In practice, the value of l(2) used is almost 
invariably obtained by applying the child mortality esti- 
mation techniques described in chapter 111. 

Since the methods to be presented here are extensions 
of the conditional methods of adult survivorship estima- 
tion described above, they are based on very similar 
assumptions. In fact, all the comments made in section 
B about the validity of the estimates of conditional sur- 
vivorship probabilities apply also to the validity of esti- 
mates of direct probabilities; and because the calcula- 
tion of the latter values demands extra information, for 
example, 1 (2), certain other assumptions are necessary. 

The methods presented here are based on equations 
fitted by least-squares regression to simulated data, so 
the main assumption made is that the models used in 
simulating data represent reality adequately. An addi- 
tional assumption necessary in this case is that the rela- 
tionship between adult and child mortality embodied in 

the experience of the population studied falls outside the 
range covered by the models used. The estimation of 
adult survivorship from birth is particularly sensitive to 
the relationship between child and adult mortality, and 
to the pattern of the mortality schedule between ages 5 
and 25. This sensitivity can be reduced by including in 
the estimation equation an independent variable allow- 
ing for known variations in mortality between ages 2 
and 20 or 25. The model cases to which the estimation 
equations were fitted were generated by using mortality 
schedules based on the logit system, using as standards 
the four life tables for females at level 16 of the Coale- 
Demeny models. Therefore, the probability of surviving 
from age 2 to age 20 (or 25 in the case of orphanhood) in 
the appropriate standard life table is included as an 
independent variable in the estimation equation in order 
to allow for the age pattern of mortality between child- 
hood and early adulthood. It remains true, however, that 
estimates of survivorship from birth based on orphan- 
hood or widowhood data from younger respondents are 
overwhelmingly determined by the estimation of 1(2), 
while the proportions not orphaned or not widowed 
have a relatively low predictive value,'(' a fact that may 
affect the consistency of the estimates obtained from 
data corresponding to younger respondents. 

It has been stressed earlier in this chapter that orphan- 
hood and widowhood data provide estimates of mortal- 
ity referring to points in the past and that if the same 
type of data is available from two surveys five or 10 
years apart, the experience of a hypothetical intersurvey 
cohort can be constructed to obtain estimates of mortal- 
ity referring exactly to the intersurvey period. The 
methods of analysis outlined in the next sections can 
also be applied to the constructed proportions not 
orphaned or not widowed of a hypothetical intersurvey 
cohort, using as input either an estimate of l(2) obtained 
also from the constructed experience of a hypothetical 
cohort and thus referring to the same period (see chapter 
111, section D); or, failing that, an estimate of l(2) 
obtained from women aged 20-24 at the second survey 
and thus referring more or less to the mid-point of the 
intersurvey period. Once the proportions not orphaned 
or not widowed for the hypothetical intersurvey cohort 
have been obtained, the analysis follows exactly the pro- 
cedures described below in subktions C.2 (c), C.3 (b) 
(ii) and C.3 (c) (ii), but the mortality estimates obtained 
have a well-defined reference period (the intersurvey 
period), so that estimates oft (n ) are not required. 

2. Estimation of fernalee surw'vorshipfrom birth ro adult 
ages on the basis ofproportions with surviving mother 

(a) h i s  of method and its rationale 
Regression techniques were used to relate the propor- 

tions of respondents whose mothers were still alive at the 
time of the interview to the survivorship probabilities 
experienced by these women. It was found that proba- 
bilities of survivorship from birth, l(n), could be 

the mddel life tables used during simuldon cover the 
range of actual experience. Therefore, estimates derived 
by these methods are likely to be unreliable whenever l6 K. Hill and J. Trussell, loe. cit. 
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estimated with sufficient accuracy if the probability of 
surviving from birth to age 2 for female-1/(2)--were 
taken into account among the independent variables 
determining the desired I(n) values and if an indicator 
of the relationship between adult and child mortality, 
denoted by RS and equal to the ratio of l(25) to l(2) in 
the standard that best represents the experience of the 
population in question, were also included in the fitted 
equation. As in the case of the conditional regression 
method based on information about maternal orphan- 
hood (see subsection B.2 (c)), the other independent 
variables used are M, the mean age of mothers at the 
birth of their children, and S(n), the proportion of 
respondents in the age group from n to n + 4 whose 
mother is still alive. The form of the fitted equation is 

where a(n ), b(n ), c(n ) and d(n ) are coefficients whose 
values for each n are listed in table 107. 

These coefficients were obtained by using least- 
squares regression to fit equation (C. 1) to data simulated 
on the basis of selected fertility and mortality schedules. 
The fertility schedules used were derived from the 
Coale-Trussell models (see chapter I, subsection E.l) 
and the mortality schedules were obtained by using the 
logit system, using as standards the level 16 female life 
tables from each regional family of the Coale-Demeny 
models (see chapter I, subsections B.2 arid B.4). 

It is worth pointing out that this method allows only 
the estimation of female adult mortality, since the 
coefficients shown in table 107 were derived exclusively 

I from simulations rcfemng to females. Furthermore, 
these simulations do not take into account any trends in 
mortality; that is, the same life table was used in each 
simulated case to generate b(2) and I (25 +n) for n i ranging from 20 to 50. Therefore, use o the coefficients 
listed in table 107 implies the tacit assumption of an 
unchanging mortality level for a period of at least 40 
years. Since, in practice, this assumption is very likely to 
be violated, one cannot interpret the estimates obtained 
by applying this method as being exact period measures 

of mortality, especially because the use of b(2) as an 
independent variable introduces yet another timing 
problem. In fact, probably the most satisfactory way of 
using this method is by calculating first the time period 
to which the estimates of survivorship would refer, were 
they determined mainly by the proportions with surviv- 
ing mother (as in the conditional method) and had mor- 
tality followed a regular pattern of change (linear in the 
logit scale), and then using as input for equation (C.1) 
child mortality estimates refemng to corresponding 
periods.in order to obtain dated probabilities of surviv- 
ing from birth to adult ages. In practice, however, it will 
seldom be possible to obtain child mortality estimates 
for the exact dates to which the conditional survivorship 
probabilities refer, and period averages will have to be 
used instead. In such cases, the user must bear in mind 
that the survivorship estimates obtained from equation 
(C: I )  reflect a mixture of mortality levels with somewhat 
different reference dates. 

(b) m a  required 
The following data are required for this method: 
(a) The proportion of respondents with a surviving 

mother in each five-year age group from n to n +4. 
denoted by S(n). See subsection B.2 (b) (i) for some 
comments on the calculation of these proportions; 

(b) The number of births in a given year, classified by 
five-year age group of mother. This information is used 
to estimate M, the mean age of mothers of a particular 
group of births at the time of such births; 

( c )  An estimate or estimates of the probability of sur- 
viving from birth to exact age 2 for females, denoted by 
1/ (2). Such estimates are usually obtained from informa- 
tion on the number of children ever born and surviving 
classified by age of mother (see chapter 111). 

(c) Computational procehre 
The computational procedure includes the steps 

described below. 
Step I :  calculation of mean age at maternity. See step 1 

in subsection B.2 (b) (ii). 
Step 2: calculation of reference per id  of the conditional 

survivorship probabilities estimated from information on 

TABLE 107. COEFFICIENTS FOR ESTIMATION OF FEMALE SURVIVORSHIP PROBABILITIES 
FROM BlRT H ON THE BASIS OF PROPORTIONS OF RESPONDENTS WITH MOTHER ALIVE 

Estimation equation: 
I f ( 2 5 + n ) = a ( n )  + b ( n )  M + e ( n )  I f ( 2 )  S (n  - 5 )  + d ( n )  RS 



maternal orphanhood The procedure described in step 3 presented in subsection B.2 (b) (iii) is again used. The 
in subsection B.2 (c) (ii) should be followed. raw data collected by the National Demographic Survey 

Step 3: estimation ofp&&/iry of suntivingfrom birth to in 1974 are shown in table 89. Data on female children 
age 2 for femaes. Reference should be made to the ever born and surviving are  give^ below in table 109; 
methods described in chapter 111. Ideally, estimates of results are ~~mmarized in table 110. 
the probability of surviving to age 2, denoted by If(2), 
should be obtained for each of  the reference peiiods 
estimated in step 2. only estimates of 1(2) for females TABLE 109. FEMALECH~LDRENEVERBORNANDSURVIVINGACCORDING 

TO THE NATIONAL DEMOGRAPHIC SURVEY. BOLIVIA. 1975 
are needed. 

Step 4: estimation of survivorship probabilities from 
birth Estimation of this probability, I(n), the true core 
of the procedure, is straightforward enough once the 
mean age at maternity, M, and appropriate estimates of 
b(2) have been obtained. It involves only substitution in 
equation (C.l) using the coefficients given in .table 107. 
Care must be taken to match correctly these coefficients 
with the proportions with surviving mother, S(n), for 
different values of n .  It is also necessary at this point to 
calculate the value of the standard ratio, RS, which is 
the probability of survival from age 2 to age 25 in the 
female level 16 life table of the Coale-Demeny family 
that best represents the population being studied. That 
value is 

For convenience, the four values of RS associated with 
the Coale-Demeny models are shown in table 108. The 
user must select the appropriate model and then use the 
corresponding value of RS as input for equation (C.l). 
Note that the use of other standards, though not covered 
by the model cases, would not result in major biases, as 
long as RS is calculated for the standard being used. 

TABLE 108. STANDARD RATIO VALUES TO BE USED IN ESTIMATION OF 
SURVIVORSHIP PROBABILITIES FROM BIRTH ON THE BASIS OF DATA ON 
MATERNAL ORPHANHOOD. COALE-DEMENY MODELS 

St& mlio 
RF- I (25)/1 0) 

' ( 2 )  f 

North ............................................................................... 0.90 198 
South ............................................................................... 0.9258 1 
East .................................................................................. 0.93568 
West ................................................................................. 0.92346 

(d) A detailed example 
To compare the performance of the different methods 

of adult mortality estimation, the case of Bolivia 

TABLE 1 10. ESTIMATION OF CHILD MORTALITY FOR 
FEMALES. BOLIVIA. 1975 

The steps of the procedure are given below. 
Step 1: calculation of mean age at maternity. Reference 

should be made to the first step in subsection B.2 (b) 
(iii), where the mean age at maternity, M, was calcu- 
lated in detail for Bolivian females.' Its value was found 
to equal 28.8 years. 

Step 2: calculation of reference periods of the conuttional 
survivorship probabilities estimated from information on 
maternal orphanhood This step is identical to that 
presented as step 3 in subsection B.2 (c) (iii). Therefore, 
it is not repeated here. However, the reference dates 
estimated there (see table 95) are again given in column 
(3) of table 1 11 for immediate reference. 

Step 3: estimation ofprobability of surviving from birth to 
age 2 for females. The data on female children ever born 

TABLE I I 1. ESTIMATION OF FEMALE SURVIVORSHIP PROBABILITIES FROM BIRTH USING INFORMATION ON ORPHANHOOD 
BY AGE OF RESPONDENT, BOLIVIA. 1975 



and surviving, given in table 109, were gathered by the 
National Demographic Survey of Bolivia in 1975. This 
is the first such data set available for the country, as 
questions on this subject had not been asked previously. 
As explained in chapter 111, these data can be- used to 
obtain an estimate of 1/(2), the probability of surviving 
from birth to age 2, for females. The procedure followed 
is that described in subsection B.2 of chapter I11 and its 
detailed application is not presented here. For the pur- 
pose at hand it suffices to consider the results obtained. 
Table 110 summarizes these results. The usual estimstes 
of the probability of dying, qr (x), yielded by the method 
are listed in column (3); column (4) shows the mortality 
levels consistent with the estimated qf ( x )  estimates in 
the West family of Coale-Demeny model life tables, 
while column (5) shows the reference date of each esti- 
mate (obtained by subtracting each reference period 
value, t(i), for the child mortality estimates, from 
1975.6, the reference date for the 1975 survey). 

Two characteristics of the child mortality estimates 
given in table 110 should be pointed out. First, the esti- 
mates corresponding to the earliest periods are derived 
from data for women aged 40-44 and 45-49 at the time 
of the survey; and, secondly, these estimates are pre- 
cisely those which do not follow, in terms of mortality 
levels, the trend implied by the others. Given the most 
common flaws of data on children ever born and surviv- 
ing (see chapter 111, subsection A.1). it is likely that the 
estimates referring to I96 1.6 and 1964.6 may be too high 
(in terms of mortality levels) because of the tendency of 
older women to omit some of their dead children. Such 
doubts about the quality of these estimates do not 
recommend them for use in other estimation procedures. 

Unfortunately, as the reference dates listed in column 
(3) of table 11 1 show, most of the conditional survivor- 
s h i ~  estimates derived from data on maternal omhan- 
ho& refer to the period 1960-1965, so that child mbrtal- 
ity estimates for the same period are desirable. In order 
to obtain such estimates, the trend implied by the q~ (2), 
q1(3), q (5) and q (10) estimates given in table 1 10 is 
extrapo I ated into t C e past.-There are many possible ways 
of extrapolating this trend, but the simplest was selected, 
mainly because the use of more sophisticated techniques 
is not warranted by the approximate nature of the tim- 
ing estimates. 

A plot of the first four mortality levels against time 
would show that they define a fairly linear trend. There- 
fore, using the first and fourth to determine the trend 
line, its slope (change in level per annum) is calculated 
as 

corresponding to the periods to which the orphanhood- 
based estitnates refer is shown in column (4) of table 
1 1 1. Column (5) shows the 1/ (2) values that these esti- 
mates imply. These values were obtained by interpdat- 
ing linearly between the l(2) values listed in table 236 
(see annex VIII). For example, for the estimated level of 
9.7 obtained above, the 1 (2) value lies between that 
corresponding to level 9 (d77271) and that correspond- 
ing to level 10 (0.79340). Using linear interpolation (see 
annex IV), the desired 4(2) for level 9.7 is calculated as 
follows: 

Step 4: estimation of survivorship probabilities from 
birth. Using the values of M and q(2) given above and 
the values for RS for model West given in table 108, the 
final step in this procedure is rather simple. Essentially, 
for each value of n, substitution of the values of M, 
1/(2), S(n -5) and RS in equation (C.l) is carried out, 
using the coefficients given in table 107. Column (7) of 
table 1 11 shows the estimates of if (25 +n)  obtained in 
this way. As an example, l(50) and l(60) are calculated 
below in detail: 

Note that because different estimates of q(2) are avail- 
able for each time period, the values of this variable also 
changes with n, while that of RS remains constant 
throughout. 

In order to assess the estimated probabilities of sur- 
vival from birth to adult ages, the West mortality levels 
consistent with them were calculated. Again, this calcu- 
lation involves linear interpolation between the values 
listed in table 236 in annex VIII. Note that because the 
estimated values are probabilities of survival from birth, 
the life-table values themselves are used as the basis of 
interpolation (that is, no special tabulations of the life 
tables are needed). As an example, the level consistent 
with 1/(60) = 0.5098 is found by identifying those 
values in the columns labelled "l(60)" of table 236 (see 
annex VIII) which enclose the observed value. In this 
case, the enclosing values are 0.50587 and 0.54215, 

so that, for 1960.7, for example, the extrapolated mortal- corresponding to levels 13 and 14, respectively. Hence, 
ity level is the level corresponding to 0.5098 is 

The complete set of West mortality levels as defined The set of levels given in column (8) of table 11 1 
by these extrapolated child mortality estimates and shows that the estimates from l((55) to If(70) are fairly 
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consistent, implying similar mortality levels and a plau- hood case, the explicit use of l(2) coupled with the 
sible trend of decline. The levels associated with 1/(45), derivation of estimation equations from data generated 
1/(50) and G(75) are rather high and out of line w~th the under the assumption of constant mortality further com- 
others, so they need to be interpreted with caution. plicates the determination of the time location to which 

~t this point, it is worth comparing these estimates the estimates refer. When there is evidence supporting 
with those obtained earlier using the conditional the existence of a mortality change. appropriate 1(2) 
methods. Refer, for example, to table 95, where the values should be calculated for each of the periods to 
mortality levels displayed refer to the same periods as which the conditional survivorship estimates derived 
those shown in table 11 1. Note that the use of a child from widowhood data refer, in order to ensure that the 
mortality indicator in the estimation process has had the survival probabilities from birth estimated according to 
effect of lowering substantially the adult mortality levels the method described here shall also refer to well- 
implied by the orphanhood data (table 1 1 1). The large defined periods. 
difference between the levels given in table 95 (deter- 
mined mainly by information on maternal orphanhood) (b) Widowhood data classified by age 

An equation relating the value of probabilities of sur- and Ihose presented in lo (determined Ihe data vival from binh to the values of the singulate mean ages on child survivorship) implies one or more of three pos- 
sibilities: that model West is not a good representation at marriage for males and females, the value of l(2) (the 

of.the mortality pattern of the female population of probability of surviving from birth to exact age 2), the 

Bolivia; that orphanhood is underreported, leading to proportion with surviving first spouse and an indicator 

underestimates of adult mortality; or that child survivor- of the relationship between child and adult mortality, 

ship is underreported and the child mortality estimates RSW, was fitted by least-siquares regression to data from 

obtained are tm high. Although the evidence presented 900 simulated cases. These cases were generated using 

here is not sufficient to decide among these three possi- model nuptiality, fertility and mortality schedules. The 

bilities or between different of them, other mortality schedules were obtained from the logit system 

evidence suggests that maternal orphanhood in Bolivia using female level 16 model life tables from each of the 

was indeed underreported and that the estimated mor- four Coale-Demeny families as standards (see chapter I, 

tality levels presented in table 95 are too high. In this subsections B.2 and B.4), while the nuptiality and fertil- 

case, therefore, it seems that the estimates shown in table ity schedules were d~rived from the models proposed by 

1 1 1 are more acceptable, mainly because they are deter- Coale and ~ c ~ e i l "  and Coale and ~russell," respect- 

mined to a considerable extent by the child mortality ively (see chapter I, section D and subsection E.l). The 

estimates they incorporate. simulation carried out also makes some allowance for 
the age distribution at first marriage of spouses accord- 
ing to the age group to which the respondent belonged 

3. EFtimation of survivorship from birth to adult ages at the time offirst 
on the h i s  qfpraportions not widowed 

The equations used to estimate the probabilities of 
(a) h i s  of method and its rationale surviving to adult ages have very similar forms: 

The methods discussed below are an extension of 
those presented in subsection B.3. Once more, data on Im(n)= a(n)+b(n)  SMAM/ +c(n) SMAM, + 
proportions with surviving first spouse, tabulated either 
by the age or the duration of first marriage of the d(n) NWf (n -5)+e(n)Im(2).tf (n) RSW 
respondent, are used to estimate survival probabilities. 
In the present case, however, the incorporation of some l,(n)= a(n)+b(n) S M M f  +c(n) S M M ,  + 
information on the level of mortality prevalent at 
younger ages (in the form of estimates of l(2)) allows the d(n) NWm(n)+e(n)If(2)+f (n)RSW (C.3) 
estimation of probabilities of survival from birth in a 
way that parallels the method just described (see subsec- where a(n 1, b(n ), c (n 1, d(n 1, e (n ) and f (n ) are 
tion C.2), which uses data on survival of mother to esti- coefficients that depend both upon sex and upon age; 
mate survivorship probabilities from birth. SMM' and S M M ,  are the singulate mean ages at 

Both the age and duration methods that are presented marriage for females and males, respectively; NW(n) is 
the proportion of ever-married respondents aged from n here use as input an estimate of I(2) (the probability 
to +4 whose-hnt spouse was alive at the time of the of survival from birth to age 2) for the sex whose 

survivorship probabilities are to be estimated. An esti- interview; l(2) is the probability of surviving from birth 

mate of l(2) is usually obtained from responses to ques- to age 2 for the spouses; and RSW is the ratio of l(20) 

tions regarding children ever born and children surviv- and l(2) in the standard (the female level 16 model life 

ing. Methods used in carrying out this estimation are table from the Coale-Demeny family that best approxi- 

described in chapter 111. If an estimate of l(2) is avail- 
able only for both sexes combined, suitable estimates for ?- - each sex can be obtained by assuming that the sex Ansley J. Coale and Donald R.  McNeil. "The distribution by a e 

of the frc uency of first marriage in a female cohort", JournaI 0/6 
embodied in Coale-Demen~ life Amdcan  toti is tical Association. vol. 67, No. 340 (December 19723. pp. 

tables are an adequate representation of those prevalent 743-749. 
in the population being considered. As in the orphan- '* A. J. Coale and T. J. Trussell, loc. eir. 
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mates the pattern of the mortality experienced by the 
population in question). Note that although the model 
cases were based on Coale-Demeny standards, the use of 
other standards, with their implied values of RSW, 
should not result in important biases. 

Table 112 shows the values of the coefficients that are 
to be used in estimating male adult mortality. Note that 
in this case the value of l(2) appearing in equation (C.3) 
should be the probability of surviving from birth to age 
2 for males, while NW(n) should be the proportion of 
ever-married female respondents whose first husbands 
were alive at the time of the interview. The RSW values 
listed in table 114 were calculated for female level 16 

life tables from the Coale-Demeny families because it 
was those life tables which were used as standards when 
generating the simulated cases. If some other standard is 
regarded as more suitable, its RSW value should be cal- 
culated and used in equation (C.3). 

The values of the coefficients that are to be used in 
estimating female mortality are shown in table 113. 
When these values are used, l(2) should refer to females 
and NW(n) should be the proportion of male respon- 
dents aged from n to n +4 whose first wives were alive 
at the time of the interview. RSW is again selected from 
the values listed in table 114 or calculated especially if 
some other standard is to be used. 

TABLE 1 12. COEFFICIENTS FOR ESTIMATION OF MALE SURVIVORSHIP FROM BIRTH FROM PROPORTIONS 
OF WOMEN WITH SURVIVING FIRST HUSBAND, CLASSIFIED BY AGE 

Estimation equation: 
I , (n )=a(n)  + b ( n ) S M A M f  + c ( n ) S M A M ,  + d ( n ) N W f ( n  - 5 )  + e(n)1,(2) + f ( n )  RSW 

TABLE 1 13. COEFFICIENTS FOR ESTIMATION OF FEMALE SURVIVORSHIP FROM BIRTH FROM PROFORT IONS 
OF MEN WITH SURVIVING FIRST WIFE, CLASSIFIED BY AGE 

Estimation qualion: 
I f ( n ) = a ( n )  + b ( n ) S M M f  + c ( n ) S M A M ,  + d(n)NW,(n)  + e ( n G ( 2 )  + f ( n ) R S W  

TABLE 114. . VALUES OF THE STANDARD RATIO. RSW,  INDICATING THE 
RELATIONSHIP BETWEEN CHILD AND ADULT MORTALITY I N  ESTIMATION 
OF SURVIVORSHIP PROBABILITIES FROM BIRTH ON THE BASISOF WIDOW- 
HOOD DATA. COALE-DEMENY MODELS 

-do 
RSW - 1/20)/1#l) 

0) 0 
North ............................................................................. 0.91932 
South ............................................................................. 0.940 10 
East.. .............................................................................. 0.95022 
West ............................................................................. :. 0.94181 

(i) Dara required 
The following data are required for this method: 
(a) the proportions of ever-mamed male (female) 

respondents whose first spouses were alive at the time of 

the interview, classified by five-year age groups from n 
to n +4. These proportions are denoted by NW(n ). See 
subsection B.3 (b) (i) for a discussion of the type of raw 
input data necessary to calculate them; 

(b ) Proportions single classified by five-year age group 
and by sex. This information is needed to compute the 
singulate mean age at mamage, S W I M ,  for each sex 
(see annex I); 

(c) Information on children ever born and surviving, 
by sex of child, and by five-year age or marriage dura- 
tion group of mother (the classification by sex is useful 
but not essential). This information is used to estimate 
l(2) by using the methods described in chapter I l l .  

(ii) Computatiolprucecbve 
The steps of the computational procedure are 

described below. 



Step 1: calculation of singulate mean ages at marriage for 
maies a d  frmales. A detailed description of the pro- 
cedures followed in calculating these parameters is 
presented in annex I. 

Step 2: calculation of refrence pricriodr for conditional 
survivorship probabjlities obtained from information on 
nidowhd statur. This step is identical to that presented 
as step 3 in subsection B.3 (b) (ii). Therefore, its descrip 
tion is not repeated here. 

Step 3: estimation ofprobabilily of surviving from birth to 
age 2. These methods are described in chapter 111. 
Ideally, estimates of the probability of surviving to age 
2, 1(2), should be obtained for each of the reference 
periods estimated in step 2. The l(2) estimates are neces- 
sary only for the sex of the respondents' spouses. If data 
on child survivorship are not available by sex, models 
can be used to approximate acceptable sex differentials. 

Step 4: cstimahmalron of wiwrship probabilities from 
kirth Estimation of these probabilities, l(n), is camed 
out by substituting into equation (C.3) the SUAM and 
l(2) values computed in the previous steps, as well as the 
proportions not widowed, the selected RSW value from 
table 114 and the appropriate coefficients taken from 
tables 112 or 113. It is important to keep in mind that 
when male adult mortality is being estimated, l(2) 
values for males must be used, while NW(n) should be 
the proportion of female respondents not widowed. In 
contrast, when female mortality is being estimated, the 
respondents are male and values of l(2) for females 
must be used. 

(iii) A detailed example 
The use of this method is illustrated by estimating 

female probabilities of survival from birth for Bolivia 
from data on the incidence of widowhood among male 
respondents. The data used were collected by the 
National Demographic Survey camed out in Bolivia 
during 1975. Columns (3) and (4) of table 115 show, 
respectively, the number of ever-mamed male respon- 
dents with first wife still alive and the number whose first 
wife was dead, classified by five-year age group. The 
denominators needed to calculate the proportions of 
respondents with surviving first wife for each age group 

are the sum of these two quantities, thus eliminating 
cases of non-response from both numerator and denom- 
inator; they arc shown in column (5) under the heading 
"ever-married male population". Column (6) shows the 
required proportions of those not widowed, computed 
by dividing the entries in column (3) by those in column 
(5). For example, N W, (30) is calculated as follows: 

Step I: calculation of singulate mean ages at marriage 
for males andfimales. The values of the singulate mean 
ages at marriage have already been presented in sub- 
section B.3 (b) (iii). They are: SMAM,,, = 25.3; and 
S U M l  ~23 .2 .  

Step 2: calculation of reference perid  of con&tional 
wiwrship pvobobrlities obtained fm information on 
widowhood status. Using equations (B. 19) and (B.20), the 
reference periods for the conditional probabilities of 
female survival calculated from the proportions of male 
respondents with first wife alive are estimated. Table 
116 shows several intermediate results and the final 
reference-period estimates both in terms of years before 
the survey, denoted by tf(n), and in terms of actual 
dates (decimal equivalents in terms of years). The dates 
are calculated by subtracting each t (n) from 1975.6, the 
reference date of the survey. The kst mortality levels 
consistent with each of the conditional survivorship 
probabilities are also shown for future reference. No 
detailed example of the calculation oft, (n) is presented 
here because such an example has already been given 
for the case of the estimation of male adult mortality in 
step 4 in subsection B.3 (b) (iii). 

Step 3: estimation ofpmbabilily of wiv ing  from birrh to 
age 2 for females. Since the process of estimating this 
probability, 1/ (2), for Bolivian females has already been 
described in step 3 in subsection C.2 (d), the reader is 
referred to that section for a discussion of the procedure 
for selecting a trend line defining changes in child mor- 
tality. In this case, the same trend line is used to estimate 
the West mortality levels prevalent during the more 
recent period to which the conditional survivorship 

TABLE 115. DATA ON WIDOWHOOD STATUS OF MALES OBTAINED IN NATIONAL DEMOGRAPHIC SURVEY. 
BoLnia. 1975 



TABLE 116. ES~IMATION OF TIME REFERENCE PERIODS FOR THE CONDITIONAL SURVIVORSHIP 
PROBABILITIES FOR FEMALES. BOLIVIA. 1975 

'Number of years prior to the survey to which survivorship estimates refer. 

probabilities derived from widowhood refer. The 
estimated levels are shown in column (5) of table 117, 
and the 1 (2) values associated with them are given in 
column ( 6 ). 
strp 4: estimMmMon of f d e  su~~lnorship probpbilities 

jh  birth Using the coefficients given in table 113, the 
estimates of female survivorship probabilities from 
b i d  1 (n), are calculated by substituting the values of 
S M A ~  obtained in step 1, the b(2) values obtained in 
step 3, the values of NW, (n) and the value of RSW 
comsponding to the West standard (female level 16) in 
quation (C.3). The value of RTW is taken from table 
114 and is equal to 0.94181. As an example, 1/(35) is cal- 
culated below: 

Column (7) of table 117 shows the complete set of 
$(n) estimates and column (8) shows the levels they 
~mply in the West family of Coale-Demeny model life 
tables (obtained by interpolating linearly between the 
values shown in table 236 in annex VIII). 

A comparison of these mortality levels with those 
presented in table 116 indicates that the estimates of 

conditional probabilities of survivorship associated with 
the latter imply substantially lower mortality (that is, 
higher levels) than that implied by the b (n)  values 
obtained by taking into account child mortality. The 
immediate reason for this difference is that the child 
mortality estimates employed imply very high mortality 
(that is, low levels); and hence, their use in the calcula- 
tion of lf (n ) reduces the mortality levels associated with 
the latter. As in the case of the data on orphanhood, the 
existence of such differences implies one or more of 
three possibilities: that the West model does not ade- 
quately represent the age pattern of mortality in Bolivia, 
that child mortality is overestimated or that male 
respondents overreport the survivorship of their first 
wives. Although the evidence presented here does not 
permit us to establish which of these mechanisms is in 
operation, a more comprehensive analysis of Bolivian 
data indicates that the information on male widowhood 
severely underestimates mortality. The weakness of the 
widowhood data in this particular case is also suggested 
by the fact that the mortality levels associated both with 
the conditional survivorship probabilities and with those 
estimated from birth (columns (9) and (8) of tables 116 
and 117, respectively) fail to increase as age of respon- 
dent decreases (that is, as one moves towards the present 
in terms of reference dates). Taken at face value, these 
estimates would imply that female adult mortality in 
Bolivia has increased through time. The small likeli- 
hood of such an event immediately makes their accu- 
racy questionable, but it is the comparison between 

TABLE 1 17. ESTIMATION OF FEMALE SURVIVORSHIP FROM BIRTH USING DATA ON 
MALE WIDOWHOOD STATUS. BOLIVIA. 1975 

war kwl 
fff ifin) 

(8) 

12.8 
13.0 
13.7 
13.7 
14.3 
14.4 
14.1 



these levels and those implied by the estimates of child 
mortality that best illustrates the inconsistencies in the 
data. Hence, the Bolivian case is a good example of how 
the application of a variety of estimation methods allows 
the assessment of data quality. 

(c) Wabwhood data clrrssifid by duration of marriage 
When the proportion of ever-mamed respondents 

whose first spouse is alive is tabulated by sex and by the 
time elapsed since their first union or marriage (in the 
broadest sense of this term) the estimation of l(n) 
becomes somewhat simpler since the period of exposure 
to the risk of dying is directly known and does not need 
to be estimated from information on age. This 
simplification allows the set of independent variables 
used as predictors of I(n) in equation (C.3) to be 
reduced. Thus, when male mortality is to be estimated 
from the proportion of females not widowed whose first 
marriage took place between k and k +4 years ago, 
denoted by NWf (k), the equivalent of equation (C.3) 
becomes 

where 1, (2) is the probability of surviving from birth to 
exact age 2 years among males; SMM, is the male 
singulate mean age at marriage; and NWf(n -20) is the 
proportion of female respondents whose first mamages 
occumd between n -20 and n - 16 years before the 
interview and whose first husbands were still alive at the 
time of the interview. The equation to be used to esti- 
mate female mortality is 

where SMAM' is the female singulate mean age at mar- 
riage; NW,(n -20) is now the proportion of male 
respondents whose first wives were alive at the time of 
the interview and whose first mamages occurred 
between n -20 and n - 16 years before the interview; 
and 1/ (2) is the probability of surviving from birth to age 
2 for females. 

In both cases, a(n), b(n), c(n) and d(n ) stand for the 
values of coefficients obtained by using least-squares 
regression to fit equations (C.4) and (C.5) to simulated 
cases. Their values are listed in tables 1 18 and 1 19. 
Table 118 refers to male mortality and the values listed 
in it should be used in conjunction with equation (C.4), 
while table 119 refers to female mortality and its values 
should be used with equation (C.5). 

Even though this method is simpler, from a 
theoretical standpoint, than that using data on widow- 
hood status classified by age, it may, in practice, produce 
poorer results than the latter method in countries where 
a sizeable proportion of the ever-mamed population 
live in consensual unions rather than in formal mar- 
riages because, in this case, it may be difficult for many 
respondents to establish unambiguously the date on 
which their first union began. In particular, members of 
relatively unstable unions may have a tendency to report 
the survival of the current partner rather than that of the 
first, a phenomenon that would reduce artificially the 
observed proportions widowed. 

A problem that the duration-based method shares 

TABLE 118. COEFFICIENTS FOR ESTIMATION OF MALE SURVIVORSHIP FROM BIRTH FROM PROPORTIONS OF 
WOMEN WlTH SURVIVING FIRST HUSBAND. CLASSIFIED BY DURATION OF FIRST MARRIAGE 

Estimation equation: 
I m ( n ) = a ( n )  + b ( n ) l m ( 2 )  + c ( n ) N W , ( n  -20 )  + d(n)SMAM, , ,  

TABLE 119. COEFFICIENTS FOR ESTIMATION OF FEMALE SURVIVORSHIP FROM BIRTH FROM PROPORTIONS 
OF MEN WlTH SURVIVING FIRST WIFE. CLASSIFIED BY DURATION OF FIRST MARRIAGE 

Estimation equation: 
l f ( n ) = a ( n )  + b ( n ) 1 / ( 2 )  + c ( n )  NWm(n -20 )  + d ( n ) S M A M ,  



with that based on data classified by age is that the 
coefficients presented in tables 118 and 119 were derived 
from cases simulated under the assumption of constant 
mortality. When mortality has been changing, the esti- 
mates of survivorship derived exclusively from the pro- 
portions of respondents with first spouse alive will, in 
general, refer to different time periods. As discussed in 
subsection C.3 (a), estimates of l(2) for the same refer- 
ence periods as the conditional survivorship probabili- 
ties that may be estimated from the proportions with 
surviving first spouse should be used in equations (C.4) 
and (C.5) 

With respect to the reference period of the estimates 
derived from widowhood information, the duration ver- 
sion of these estimation methods has an advantage over 
the age version when widowhood data classified by 
duration of first mamage are available from two surveys 
five or 10 years apart. In this case, proportions not 
widowed for a hypothetical intersurvey mamage cohort 
can be constructed following the procedure described 
for orphanhood data in subsection B.2 (d), and l(n) esti- 
mates refemng specifically to the intersurvey period can 
be obtained directly from equations (C.4) and (C.5) by 
using as input estimates of l(2) obtained either for 
another hypothetical intersurvey cohort (see chaptei 111, 
section D) or from the second survey and referring 
roughly to the intersurvey period, and the values of 
SMAM, referring also to the intersurvey period. A 
hypothetical-cohort approach to the calculation of 
SMAM is feasible, as is shown in annex I, although, 
unless nuptiality patterns are changing very rapidly, the 
use of the SMAM estimates obtained from either survey 
or of the average of both should be acceptable. 

(i) Ikrtarequired 
In order to estimate male (female) survivorship prob- 

abilities, the following data are needed: 
(a) Estimates of 1(2), the probability of surviving from 

birth to age 2 for males (females), for different time 
periods. These estimates are usually obtained from 
information on children ever born and surviving by 
using the methods described in chapter 111; 

(b) The singulate mean age at marriage for males 
(females). Refer to annex I for a description of how to 
calculate this parameter; 

(c) The proportion of female (male) ever-married 
respondents whose first spouses were alive at the time of 
the interview, classified by duration of mamage (strictly 
speaking, classification should be according to the time 
elapsed since their first union). See subsection B.3 (c) (i) 
for a discussion of the possible types of data from which 
these proportions may be calculated. 

(ii) Computational p r o c e h  
The steps of the computational procedure are 

described below. 
Step 1: calculation of singulate mean age at marriage for 

spoures of respondents. Refer to annex I for a detailed 
description of the procedure to be followed in calculat- 
ing this parameter. 

Step 2: calculation of reference periods of conditional 

surviwrship probabilities obtained fiom information on 
widowhood s t m .  This step is identical to that presented 
as step 4 in subsection B.3 (c) (ii). Therefore, its descrip 
tion is not repeated here. 

Step 3: estimation of probabilip of surviving to age 2 for 
sex of the spoures of respondents. Reference should be 
made to the methods described in chapter 111. Ideally, 
these probabilities, denoted by 1(2), should be obtained 
for each of the reference periods estimated in step 2. 
These estimated probabilities are required only for the 
sex of the respondents' spouses. When data on child 
mortality by sex are not available, models can be used to 
approximate adequate sex differentials. 

Step. 4: estimation of swvivorship probabilities from 
birth Estimation of survivorship probabilities, l(n), is 
camed out by substituting in equation (C.4) or (C.5), 
depending upon the sex of respondents, the SMAM and 
l(2) values obtained in previous steps, the observed pro- 
portions of respondents with first spouse alive, NW(n), 
and the appropriate coefficients. It is important to 
match the proportions NW(n) determining a survivor- 
ship estimate for a certain period with the l(2) value 
refemng to the same period. 

(iii) A &tailed example 
As an example of the estimation of adult mortality 

using information on the proportion of respondents 
whose first spouse was alive at the time of the interview, 
classified by duration of mamage, the case of Panama is 
again used. In this case, the question on widowhood was 
asked of both men and women during the Demographic 
Survey in 1976. The answers obtained were tabulated by 
duration of first union and have already been presented 
for male respondents in table 104. The number of 
respondents of known duration who do not know 
whether their first wife is alive or dead is, in most 
instances, rather small; and they are excluded from both 
numerator and denominator in calculating the propor- 
tions not widowed. As mentioned in subsection B.3 (c) 
(iii), however, these data contain a substantial number 
of cases of unknown marital duration. The problem 
posed by these cases of unknown duration cannot be 
dealt with so easily, and the reader is referred to the dis- 
cussion in subsection B.3 (c) (iii). In this example, the 
proportions of male respondents whose first wives were 
alive at the time of the interview, shown in column (3) of 
table 120, have been calculated, excluding the cases of 
unknown duration entirely. 

The computational procedure entails the following 
steps. 

Step I: cdc1(lofion of singulate mean age at marriage for 
f d e s .  According to the survey in 1976, the singulate 
mean age at mamage for females was 21.95 years (see 
annex I). 

Step 2: calculation of reference periods of female sur- 
viwrship probabilities obtained from informution on widow- 
hood statur. This step was camed out in detail in subsec- 
tion B.3 (c) (iii) (step 4), so only the results obtained are 
quoted here. Column (4) of table 120 shows the refer- 
ence dates associated with the conditional survivorship 



TABU 120. ESTIMATION OF FEMALE SURVIVORSHIP PROBABILITIES FROM BIRTH USING DATA ON WIDOWHOOD STATUS OF MALE RESPONDENTS. 
CLASSIFIED BY DURATION OF MARRIAGE, PANAMA, 1976 

war lnrl 
fi If(#) 

(8) 

20.2 
19.6 
19.2 
18.9 
18.6 

probabilities, derived from widowhood information 
classified by duration of mamage. These dates have 
been copied from table 106 and indicate the periods for 
which estimates of female child mortality are needed. 

Step 3: estimation of probability of surviving to age 2 for 
f d e s .  In chapter 111, two detailed examples using data 
from the Demographic Survey of Panama in 1976 were 
presented, one based on data classified by age of mother 
(subsection B.3) and the other based on data classified 
by mamage duration (subsection C.3). The estimates 
yielded by each set are not identical, so a choice has to 
be made between them. The estimates derived from 
duration data exhibit, in terms of West mortality levels, 
a fairly linear trend with respect to time (if the estimate 
associated with duration group 0-4 is disregarded), and 
they have the relative advantage of being obtained from 
the same type of data (classified by duration) as the 
adult survivorship estimates considered here. Hence, any 
emrs present in one set may be expected to be similar to 
those present in the other and it may therefore be easier 
to detect them. 

Table 121 shows the West mortality levels consistent 
with the child mortality estimates derived in chapter 111, 
subsection C.3, together with their reference dates. A 
graph of these levels against time shows that the values 
from the second to the IUth follow an acceptably linear 
trend. Hence, the line defined by the second and fifth 
values can be used to estimate the levels prevalent dur- 
ing the reference dates of the estimates of survivorship 
derived from widowhood data (shown in column (4) of 
table 120). The trend line fitted to the estimated child 
mortality levels has as its slope: 

Hence, the level corresponding to 197 1.1, for example, is 

All other mortality levels shown in column (5) of table 
120 are obtained in a similar way; and by interpolation 
between the l(2) values listed in table 236 in amex VIII, 
one can obtain the I (2) estimates required as input for 
equation (C.5). The k11 set of 4 (2) estimates is shown in 
column (6) of table 120. 

TABLE 121. WEST MORTALIN LEVELS IMPLIED BY THE ~ I M A ~  OF 
CHILD MORTALITY OBTAINED FROM DATA CLASSIFIED BY DURATION OF 
MARRIAGE. PANAMA. 1976 

Step 4: Estimation of survivorship probabJlities fm birth 
for f d e s .  The estimation equation to be used in the 
case of male respondents is (C.5) with SUM, =21.95, 
the 1 (2) values obtained from column (6) of table 120, 
the kwW(n -20) proportions from column (3) of the 
same table; and a(n ), b(n ), c (n ) and d(n ) from table 
119. The use of equation (C.5) is straightforward. Final 
results are shown in column (7) of table 120. The 
consistency of the estimates in terms of equivalent mor- 
tality levels is impressive, but it should be mentioned 
that each estimate is, to a large extent, determined by 
the (2) value used as input, a fact that greatly reduces 
their range of variation. On the other hand, the influence 
of 4(2) is lowest on the mortality estimates for the 
longer duration groups, for which the mortality esti- 
mates are most similar in tenns of implied level to those 
derived from child survival, so the consistency observed 
cannot be dismissed. 



ESTIMATION OF ADULT MORTALITY FROM INFORMATION 
ON THE DISTRIBUTION OF DEATHS BY AGE 

A. BACKGROUND OF METHOD 

1. Use of infonnation on deaths by age and sex 
The straightforward way of calculating mortality rates 

is by using the infonnation on deaths by age produced 
by a vital registration system. However, even though 
many countries possess such a system of registration it is 
often the case that not.all the deaths are registered. As a 
result, the death rate implied by the reported deaths is 
usually an underestimate of the true death rate prevalent 
in the population in question, and some method of 
adjustment is required to transform the reported death 
rate into a better estimate of true mortality conditions. 
Of course, the same statements apply to the calculation 
of age-specific death rates; if a life table is calculated in 
the ordinary manner, and if deaths are underreported, 
the survival function, I(x), will fall too slowly as age 
increases and estimates of life expectancy will be biased 
upward. 

Over the years, demographers have suggested several 
methods of adjustment. Two methods were selected for 
inclusion here: one proposed by Preston and ~oa le ; '  
and the other proposed by ~rass? A third method that 
essentially compares registered deaths between two cen- 
suses with the deaths implied by the census age distribu- 
tions is presented in chapter IX. 

The two methods described in this chapter are based 
on the assumption that the population being studied is 
stable (see chapter I, section C). They are both fairly 
robust to violations of the assumption of stability, partic- 
ularly to went changes in fertility and to gradual 
changes in mortality. Nevertheless, the methods hold 
strictly only for stable populations, and it is therefore 
helpful to recall the main characteristics of such popula- 
tions. A stable population is one that has been subject to 
constant fertility and mortality for a long time. A feature 
of such a population is that the rate of exponential 
growth is constant at all ages, from which it follows that 
the same rate of growth must apply to births, deaths, 
deaths in any particular age group and the population of 
any age group. 

The methods presented are also based on the assump 

tion that the completeness of reporting of deaths is the 
same at all ages. That is, it is not assumed that reporting 
is 100 per cent complete; but if it is, for example, only 80 
per cent complete, this figure applies to all age groups. 
In practice, because childhood and adult deaths are very 
often underreported to different extents, these methods 
are used only to estimate adult mortality (robust pro- 
cedures for estimating childhood mortality are discussed 
in chapter 111). Child mortality estimates obtained Trom 
the procedures described in chapter I11 and agespecific 
death rates for adults adjusted by the methods described 
in this chapter may be spliced together in the 
conventional manner or by using model mortality 
schedules as described in chapter VI. 

2. OrgMzation of this cihopter 
The two methods described in this chapter use infor- 

mation on the age distribution of deaths and that of the 
population. They both assume that the population is 
stable and that the degree of completeness of death 
registration is more or less the same at all ages a k r  
childhood (over age 5 or 10). The basic data required 
may be obtained from a vital registration system (deaths 
by age) and a census (age distribution of the popula- 
tion), or from surveys, whether retrospective or prospec- 
tive in nature. In all cases, it is important to make sure 
that the deaths refer to the population whose age distri- 
bution is being used in the analysis. To aid the user in 
selecting the method best suited for a particular applica- 
tion, brief descriptions of the methods presented are 
given below (table 122 indicates their data requirements 
and the parameters they estimate): 

Section R Arston and G d e  methad. An quation is 
derived from stable-population theory that relates the 
population of age x to the deaths over age x expanded 
by a series of factors incorporating the stable growth 
rate. The ratios of the estimated population of 
age x derived from deaths over age x to the reported 
population of age x ,  denoted by N(x)/N(x), indicate 
the relative completeness of death registration. 
Although it is neceyry to assume a growth rate, r ,  in 
order to calculate N(x), a "best" value of r can be 
selected as being that which produces the most con- 
sistent set of f i ( T ) / ~ ( x )  ratios ibr different values of x . 

' Samuel Reston. Ansley J. Coale. James Trussell and Maxine This method is more robust to departures from stability 
Weinstein, "Estimating the completenen of nporting of adult deaths than the Brass method, but it is more sensitive to certain 
in populations that arc approximetel stable," Popuhtion Studies, vol. types of age misreporting; 
14 No. 2 (Summer 1980), pp. 179-2d 

William Brass, Methodt for Ectitna+ Fcrtili~y and MorroliIy fiy~ Section C. Bmrr growth balance method. In a stable 
Limited and afcctirc lblo (Chapel HI& North Carobna. Carolina population* the rate into the population 
Population Center, Laboratories for Population Studies, 1975). and over by reaching age x is equal to the rate of depar-' 



TABLE 122. SCHEMATIC GUIDE TO CON1 ENTS OF CHAPTER V 

Scrriar I ) y c o / i y u r ~  

B. Preston and Coale Deaths in a year classified by five- 
Method year age group. and by sex 

Mid-year population classified by 
five-year age group. and by sex 

Provisional estimate of the growth 
rate 

C. Bran growth balance Deaths in a year classified by five- 
method year age group and by sex 

Mid-year population classified by 
five-year age group and by sex 

G N ~ ~ r n  

Completeness of death-reporting 
in relation to population cover- 
age 

Rev~sed estimate of the growth 
rate 

Revised es~imate of the death rate 
over age 10 

Completeness of death-reporting 
in relation to population cover- 
age 

An estimate of the growth rate 
Revised estimate of the death rate 

over age 10 

ture from the same population segment through death from the current number of deaths recorded at each age 
plh the stable population growth rate, which is the same above x. Specifically, if N(x) is the number of persons 
for all values of x. This method uses this relation to at age x in a stable population with growth rate r ,  and 
estimate the stable growth rate and the relative com- D(x) is th: number of deaths at age x ,  then an estimate 
pleteness of death registration. It is somewhat less of N(x ), N (x ) can be expressed as 
vulnerable to age exaggeration than the Preston and 
Coale method, but it is more sensitive to the effects of 
destabilization resulting from a rapid mortality decline. k(x)= D(a)exp (r(a -x)). 

a = x  
(B.1) 

B. PRESTON AND COALE METHOD 

1. Basis of method and its rationale 
In any population, the number of persons in a partic- 

ular age group, say 25-29, at a particular time t will be 
qual  to the total number of deaths to those persons 
from time 1, when its members are 25-29, until the last 
survivor has died. If only 50 per cent of the deaths 
occurring every year are registered, then the ratio of the 
total number of deaths reported to the actual population 
will be 0.5, the value of the completeness of registration. 
The Preston-Coale procedure is based on this simple 
idea. Of course, in the example given above, one would 
have to wait a long time to obtain an estimate of the 
completeness of registration. However, if the number of 
deaths that will occur after time r can be estimated from 
the number of deaths reported for a particular year or 
calendar period, the comparison of the reported number 
of persons in a particular age group with the estimated 
total number of future deaths to the age group should 
provide an estimate of the completeness with which 
deaths are registered. In a stable population, there is a 
precise relationship between the numbers of current 
deaths and the numbers of persons in the population. 
Tht persons now aged x,  to whom deaths are currently 
occumng, a n  the survivors of births x years ago, which, 
by the properties of stable populations, must have been 
smaller in number than w e n t  births by a factor of 
exp (-rx). Hence, the number of deaths that will occur 
to the current number of births when they are aged x 
will be larger thm the current number of deaths to per- 
sons aged x by a factor of exp (rx ). 

It follows that the number of deaths that will be 
experienced by persons currently aged x (theoretically 
equal to the number of such persons) can be estimated 

If the population is genuinely stable, the rate of growth 
correctly specified, apd deaths and population accu- 
rately reported, then N(x ) will equal N(x ). If, however, 
deaths are undfrreported by some fixed proportion (say, 
20 per cent), N(x)/lV(x) will be less than 1.G-in this 
instance, 0.8. Since N(x) is an estimate of the popula- 
tion at exact age x ,  it cannot be compared directly to the 
reported population, which is normally tabulated by 
five-year age group. One can estimate N(x) as 
(5Nx -5 +sNX )/ 10, where . Nx is the reported population 
between ages x apd x + p : or. alternatively, 5NX can be 
estimated as 2.5(N(x) +N(x +5)). 
Thus, the ratio of fi(x) to N(x) is an estimate of the 

completeness of death registration in relation to popula- 
tion enumeration, but it would be unw!se to estimate 
cqmpleteness from a single ratio N(x )/N (x ) or 
5Nx /sNx, since the number of persons reported at a par- 
ticular age (even if determined as the average of the 
number over an interval centred on x )  is subject to over- 
statement or understatement because of age- 
misreporting, or because of differential omission of per- 
sons in a particular span of ages. A better estimate of the 
completeness of death registration in relation to popula- 
tion enumeration can be obtained from erratic 
#(x )/N (x ) ratios by considering some type of represen- 
tative value of individual ratios over an extensive range 
of ages. For example, the median can be used, or the 
ratio of the sum of estimates of 5fix over an extensive 
range of ages to 5NX over the same range. The obvious 
possibility is the ratio 

which is a comparison of the total population estimated 



from the number of deaths to the total enumerated sequence of N /N falls with age; the opposite occurs if 
population. However, this possibility is cot necessarily the value of r is too low; 
the best because estimates of N(0) and SNO are based in (b) U p w d  displacement of age at &ath. Very often 
part on the reported m~mbers of infant and child deaths, the age of older persons is displaced upward, perhaps 
which tisually constitute a large proportion of the total because social status is enhanced by advanced age. 
number of deaths and are often subject to a complete- Typically, reported ages at death are displaced upward 
ness of registration quite different from that of deaths at to a greater extent than the reported ages of the living. 
older ages. A common situation in which age at death is exag- 

Another problem arising in the estimation of N ( ~ )  is gerated in relation to-the age of the living produces the 
the determination of the population estimated from rising sequence of N/N ratios shown in panel B of 
reported deaths at the upper ages. At the upper end of figure 11- O~erstatement of age at death intreases the 
the age range, there is always an "open interval", in estimate of N(x) in two ways. Recall that N(x) is the 
which the number of deaths and the number of persons sum of the products of deaths over age x and exponen- 
are tabulated in an undivided age category, such as 
90+, 85+, 80+ or 75+. If the lower boundary of the Figure 11. Illustration of the effects of deviations from the assymp- 

open int$rval is denoted by A ,  the estimation of N(A ) tionson the plot of estimated to reported population ratios, N IN. 
for model cases 

and of N(A +) from D(A +) and the rate of growth 
requires special procedures because the distribution of 1,4& Panel A plot: varying choice of growth rate. r 
deaths within the opeir interval i: not available. It can 
be proved that the estimation of N(A ) is less sensitive to 
uncertainties about the distributio? of deaths in the open ,, 
interval than is the estimation of N(A +). 

Because of the special difficulties involved in estimat- 1.1 - 
ing the values of N in early childhood and in the open r = 0.025 (correct) 

interval, a practical option to obtain the least erratic 
values of the ratios of estimated to reported population 0.9 - 
is to divide the sum of the estimated sN, values over cer- 
tain ranges of age x (from age 5 up to age A -5, five O" 

years before the beginning of the open interval) by the , , , I , , , 
sum of the reported gNx values over the same range. 10 15 20 2s 30 35 40 45 so 55 60 65 70 75 

Age 
It is therefore suggested that two sets of estimates be 

considered in assessing the completeness with which Panel B plot: 
deaths are recocded in relation to the population->he 1.3- 

sequence of I O N ( X ) / ~ ~ N ~  - 5 ,  and the sequence of N(x 
to A )/N(x to A) ratios for different values of x .  In an 
ideal situation of accurately reported age, a genuinely 1.1 

stable age distribution of known growth rate, and the 
same completeness of registration of deaths at different 
ages, both sequences of ratios would be constant with o,g 
respect to age and both would yield the same fixed esti- 
mate of completeness. In actuality (as stated earlier), 0.8 

the first set of estimates is erratic because of misreport- 
ing of age in the population or because of differential O.' 

completeness of enumeration. In addition, it is fre- 0.6 

upward displacement of age of population and deaths 

- 
- 

Y____- - - - -  

- 
- 
- 
' 

I I ~ I ~ ~ I ~ ~ I I I I  

quently the case that the estimates both of N(x) and of lo " 20 25 30 35 45 55 60 65 75 

N(x to A ) are affected by violations of the assumptions ~ g e  

upon which the method is based. It turns out, however, 
that the most typical violations of the assumptions pro- 
duce characteristic Qeviations from the expected hor- 
izontal plot of the NIN sequence, deviations that are 
fairly distinctive and therefore, in certain circumstances, l.2 

interpretable. In order to examine such effects, the esti- 
mation method proposed was applied to data from a 
true stable population with a growth rate of 0.025, which 1 

have been artificially distorted. The conclusions o.o 

reached from these experiments are summarized below. 
(a) Incorrect chpice of growth rare. In panel A of 0.8 

figure 11, plots of N lN are shown for the correct choice 
o,7 

Panel C plot: declining mortality 

- 
- 
- 
----a- - - - - 
- 
- 

of the growth rate, r (0.025). and for values that are too 
I I I ~ I I I I I I ~ I ~  

10 15 20 25 30 35 40 45 50 55 60 65 70 75 

high or too low. It can be seen that if r is too high, the Age 

13 1 



tial terms exp (r (a -x )) (equation (B. 1). Overstatement 
of age at death in the form of a transfer-of reported 
deaths from under to over age x increases N(x) by sim- 
ple exaggeration of the relative number of deaths over 
age x. Moreover, overstatement of age at death 
confined within the span of ages over x (that is, *with no 
transfer from under x to over x ) also increases N(x ) for 
the following reason. When the sum 

that determines f i ( x )  is calculated, a transfer of deaths 
from lower to higher ages within the span over x results 
in multiplication of the transferred deaths by a larger 
than warranted exponential factor. 

The first or direct effect of an upward transfer of 
deaths across some age boundary x is substantially 
greater than the second or indirect effect of age exag- 
geration above x ,  resulting in too old an age distribution 
of deaths over age x ,  though the indirect effect contin- 
ues to distort the results for all values of x. The size of 
the indirect effect declines as x decreases, however, so 
that by age 10 it will be only about half as large as at age 
70, say, if net upward transfers occur only over ages 75, 
80 and 85. The overall effect, *erefore, of exaggeration 
of age at death on the plot of N(x)lN(x) is likely to be 
an imperceptible upward trend with x up to the age at 
which exaggeration begins, followed by a sharp upward 
kink reflecting the direct effects of exaggeration. The 
values of the points up to the kink should not be severely 
distorted, unless exaggeration of age at death begins at 
fairly young ages; 

(c) &parlures from stability. If fertility has recently 
declined or if there was a birth deficit at some time in 
the past that created a small cohort in the population, 
the age distribution would not in fact be stable. The 
match between the true number of persons at age x and 
the number constructed from the number of deaths, 
even if deaths were completely reported, would be 
impaired. Specifically, small cohorts caused by low fer- 
tility either at the younger ages because of a recent 
decline, or for another cohort because of-the effect of a 
war, would be reflected in high values of N(x)lN(x) for 
these age intervals. However, if the estimate of com- 
pleteness of registration of adult deaths is derived by 
analysing deaths and population only over age 15 or 20, 
a deviation from stability caused by. recent changes in 
fertility will have no effect on the results. A more fre- 
quent situation in contemporary populations in develop- 
ing countries is a decline in mortality that has occurred 
over the past 20 or 30 years. A history of declining mor- 
tality causes a departure from the stable age distribution, 
but usually a rather limited departure. The sequence of 
ratios of N lN produced in a typical population in which 
mortality has been declining- is shown in panel C of 
figure 1 1. The seqyence of N (x ) lN (x ) rises and then 
falls, while that of N(x .to A )/N(x to A ) falls slowly at 
first and then more rapidly. The actual pattern depends 
upon the particular trend followed by the mortality 

decline and the time period during which the decline has 
taken place, but an inverted U pattern is fairly typical. 

In any real population, of course, misstatement of 
reported age by the population will t ~ n d  to produce a 
zigzag pattern in the sequence of the N(x )lN(x ) ratios. 
Such distortions arellessened when the cumulated' ver- 
sion of these ratios, N(x to A )lN(x to A ), is considered, 
that is, when the estimated population whose age ranges 
from x to the lower limit of the open interval is com- 
pared with the number of persons in the enumerated 
population over the same age interval from x to A .  
Unfortunately, it is not always easy to distinguish 
between the effects of the different violations of the 
underlying assumptions. 

Both overstatement of age at death and choice of a 
growth rate that is too small cause a rising sequence of 
N(x )lN(x ). However, too small a value of r causes the 
sequence to rise linearly at all ages; while overstatement 
of age at death, concentrated as it often is at the highest 
ages, causes an upward bend at the first age at which a 
systematic upward transfer of reported age at death 
occurs. If the chosen r is too small, one simply tries a 
larger value. If N(x )/N(x ) rises monotonically only 
over age 75, for example, overstatement of age at death 
is the likely cause. An estimate can be made of the 
extent to which the number of reported deaths above 
each age has been increased by age overstatement, and a 
rough correction can be made by reassigning the excess 
rfported deaths to the next lower age interval. The 
N (x )lN(x ) ratios can then be recalc!lated. Usually this 
correction only slightly reduces the N(x )/N(x ) ratios at 
younger ages. An alternative to redistribution may be 
the selection of a lower beginning age for the open inter- 
val, so that age overstatement is largely confined to that 
interval. 

A more ixpactable problem is to distinguish a declin- 
ing set of N(x)/N(x) ratios that is associated with a 
population that has a history of declining mortality from 
that produced when the growth rate used is too high. 
Moreover, adjusting the estimates by assigning a smaller 
value to the rate of growth would lower the estimate of 
completeness; yet, the estimate derived from the popula- 
tion with a history of declining mortality may already be 
t p  low. When faced with a declining sequence of 
N(x )lN (x ), one must therefore decide on other grounds 
whether the population in question has recently experi- 
enced extensive declines in mortality. If such a decline 
has occurred, the median of the ratios of cumulated 
populations with beginning ages from 10 to 35 or from 
10 to 45 can be accepted as an estimate of completeness. 
On the other hand, if a prolonged and substantial 
decline in mortality appears unlikely, a lower value of 
the rate of increa? can be employed to produce a more 
level sequence of N (x )lN (x ) ratios. 

Unfortunately, the generally optimistic tqne of this 
discussion of the diagnostic value of the N(x)/N(x) 
sequence is not invariably justified in practice. Errors 
are not always as orderly as one would wish, and combi- 
nations of dilfferent types of errors can give rise to pat- 
terns in the N(x)IN(x) ratios that cannot be interpreted 



according to the simple rules presented above. Hence, it 
will not always be possible to obtain one single, unambi- 
guous estimate of completeness, though by the judicious 
use of different growth rates and open intervals, it 
should at least be possible to obtain some idea of the 
range within which.the true figure lies. 

2. Data required 
The following data are required for this method: 
(a) The deaths occumng in a specific time period, 

normally in a given year (but the average over a two- 
year or a five-year period may be used as well), classified 
by age. Five-year age groups are adequate. It is useful, 
though not essential, to classify by sex; 
(6) The population by age group (and sex) 

corresponding to the mid-period for which deaths are 
given; 

(c) An estimate of the growth rate during the period. 
One need not have a precise estimate, since an incorrect 
cboice of r should be evident in a diagnostic plot of 
N(x)lN(x). Indeed, the final choice of r may be deter- 
mined by that value which produces the most level trend 
over the central age groups. 

3. Computational procedure 
The steps of the computational procedure are 

described below. 
Step I :  estimation of growth rate. Since the method is 

applied only to adults, the provisional estimate of the 
growth rate could be obtained as the intercensal rate of 
growth of the population over age 10 or 15. However, a 
better estimate can usually be found by taking the 
median of the growth rates of the population over ages 
10, 15,20, ..., 60. If censuses are taken at times t and r2, 
and the population in question at time t 1  is NI  and at 
time t2 is N2, then the growth rate is calculated as 
r = In(NI lN2)/(t1 -12). If it is not possible to calculate 
intercensal growth rates, then an iterative procedure that 
would begin with a reaynable value of r and modify it 
until the sequence of N(x)/N(x) is as close to being 
horizontal as possible would be necessary. 

Step 2: @ustment of reported population to mid-point of 
period Strictly speaking, when the data on deaths are 
for a given year, the age distribution of the mid-year 
population should be used. If a census was taken on or 
near the middle of the year, its data can be used without 
adjustment. If the population data refer to the begin- 
ning or the end of the year, one possible course of action 
is to use the average of the data on deaths for the two 
adjacent years. Another, more general solution is to 
adjust the population figures so that they conform in 
time to the death data. The simplest way to accomplish 
this task is to assume that the population is growing at 
the growth rate estimated in step 1. Thus, if tm is the 
date corresponding to the middle of the period (or year) 
to which the death data refer and 1, is the reference date 
of the census, the adjusted population values are com- 
puted as 

SN," = =NX exp (r (1, -t, )). 

Note that the values of 5Nx and N(x +) would all be 
multiplied by the same adjustment factor 
exp (r(tm -1,)). Thus, in practice, it is much simpler to 
apply this method without adjusting the data at this 
stage, but making sure to adjust the estimated complete- 
ness of death registration, C, by the factor 
exp (-r(t, -t,)). Furthermore, if one is interested in 
adjusted age-specific mortality rates and not in the level 
of completeness per se, this adjustment is not necessary. 
When no adjustment is performed, C will be an estimate 
of completeness of death registration in relation to the 
size of the unadjusted population, so multiplying the 
reported deaths by l.O/C and dividing by the unad- 
justed population will yield the same estimated mortality 
rates as those obtained when the population is adjusted 
as explained above. 

Another common situation that requires adjustment 
of the sNx values arises when the deaths correspond to 
an intercensal period. In this case, the population 
figures should be the average of those recorded by the 
two censuses and the death figures should be the average 
annual number of deaths. 

Step 3: estimation of population from registered deaths. 
It can be shown that equation (B.1), from which the 
estimated population at exact age x,N(x), is calculated, 
c?n be- expressed in recursive fashion as 
N(x )= N(x +5lexp (5r)+SDx exp ( 2 5 ) .  Hence, the 
calculation of N(x) is straightforward, except for the 
open-ended age interval. In general, since the estima- 
tion for this interval requires a certain amount of 
approximation, it is advisable to use as narrow an open 
interval as the data permit, taking into consideration the 
possible effects of age exaggeration. 

For each of the five-year age intervals from x to x +4, 
it is assumed that the length of time from x to the mid- 
point of the interval provides an adequate estimate of 
the average length of time over which deaths need to be 
inflated by the stable growth rate. In the case of the 
open interval (deaths at age A and over), there is no 
mid-point, so some alternative procedure is required to 
include these heavily weighted deaths in the analysis. 
There are two different problems involved, the first 
being to decide what age A to select as the lower boun- 
dary of the open interval, and the second being to esti- 
mate the age point at which the deaths in the interval 
should be assumed to be concentrated in order to apply 
the correct growth rate adjustment to them. 

The first problem is sometimes resolved by the form in 
which the data are available. If the tabulations of 
deaths by age stop at age groups 55-59, 60-64 or 65-69, 
leaving open-ended intervals beginning at values of A of 
60, 65 or 70, respectively, then nothing better can be 
done than to use the value of A as given. If more age 
detail is available, the question arises whether to use the 
A of the basic data or to use a lower value. The advan- 
tage of using the highest possible value according to the 
data tabulations is that the higher the value of A ,  the 
smaller the approximation made in estimating the age 
point at which deaths in the open interval are assumed 
to be acting. The advantage of using a lower value of A 



is that the age errors in death reporting, which probably 
increase with age, will be reduced. In general, a value of 
A of 75 may be adopted except in cases where age 
reporting is extremely good, when values of 80 or 85 can 
be used. Age 75 is selected because it offers the most 
advantageous balance between gains obtained by reduc- 
ing the effects of age errors at very high ages and losses 
related to the approximation involved in estimating the 
weight of the deaths in the open interval. 

The second problem, that of estimating the weight for 
the deaths in the open interval, can be solved by using 
models. If A is the lower boundary of the open interval, 
the number of people aged A is given by 

an expression that cannot be evaluated from the data 
because the values of D(x) are not available. However, 
there exists a length of time, z (A ), such that 

D(A +)exp(rz(A))= 5 D(x)exp (r(x -A)) 
x=A 

so that the number of people aged A can be calculated 
from the number of deaths over age A, D(A +), as 

&(A)= D(A +)exp (rz(A)). 03-31 

Values of z(A) have been calculated for a range of 
model cases having different growth rates, mortality lev- 
els, mortality patterns and values of A .  Least-squares 
regression was used to relate the values of z(A ) to two 
parameters available in any application, namely, the 
growth rate r and the exponential value of the ratio of 
deaths over age 45 to deaths over age 10. The 
coefficients shown in table 123 make it possible to esti- 
mate z(A ) for values of A ranging from 45 to 85 for 
each family of the Coale-Demeny model life tables by 
using the following equation: 

In any particular application, therefore, the value of 
z(A ) may be estimated from the growth rate, r ,  as 
estimated in step 1, and the ratio of deaths at age 45 and 
over to deaths at age 10 and over, a ratio that can be 
readily calculated from the distribution of reported 
deaths by age group. The population aged A can then 
be estimated using equation (B.3). If no indications 
exist as to which family of life tables should be used, the 
West family is a satisfactory default. 

Once the value of f i ( ~ )  has been calculated from 
deaths in the open age interval, the remaining calcula- 
tions are straightforward. One begins with the open 
interval and continues downward, using the following 
r~ursiv? equations to calculate N(A -5) from 
N(A ), N(A - 10) from &(A -5) and so on: 

fi(x )= fi(x +5)exp (5r ) +5Dx exp (2.5r), (B.5) 

where 5Dx is the number of reported deaths in the inter- 
val from x to x +4. 

TABLE 123. COEFFICIENTS' FOR ESTIMATION OF THE AGE FACTOR FOR 
THE OPEN INTERVAL. z (A  ). FROM THE RATIO OF DEATHS OVER AGE 45 
TO DEATHSOVER AGE 10 ANDTHE POWLATION GROWTH RATE 

North ......... 

South ......... 

East ............ 
50 - 15.14 158.5 
55 -13.97 140.4 
60 -12.10 1 18.8 
65 - 9.43 93.9 
70 - 6.07 66.5 
75 - 2.52 39.3 
80 0.37 16.8 
85 1.79 3.5 

West ........... 45 - 13.43 181.4 
50 - 12.49 163.6 
55 -11.24 143.7 
60 - 9.50 121.2 
65 - 7.21 %.I 
70 - 4.48 69.2 
75 - 1.64 42.9 
80 0.72 20.5 
85 2.03 5.9 

Note: z(A) is the age that satisfies the relationship 

and it is estimated from the equation 

Based on 1 1  levels of mortality. with eo ranging from about 10 
years to about 75 years. 

Step 4: estimation of completeness of dcoth registrarion. 
The completeness of death registration, C, may be taken 
as the average level of $e sequence of N(x)/N(x) 
values, or of the sequence N(x to A )/N(x to A ). Use of 
the median or the mean of the values over ages where 
the latter sequence is approximately flat, say, from age 
10 to age 45, is suggested. If the plot of the N(x)/N(x) 



ratios shows a generally rising trend with x ,  suggesting 
that the growth rate used was too low, or a falling trend 
with x ,  suggesting that the growth rate used was too 
high, the growth rate should be modified accordingly 
and the calculations repeated. If some test is required to 
decide which set of points provides the closest approxi- 
mation to a horizontal line, the absolute deviations of 
the points, excluding obvious outliers, from their grand 
mean (excluding again the obvious outliers) could be 
summed; and that growth rate giving the minimum sum 
could be accepted. Another procedure would be to 
divide the points, again excluding outliers, into two 
groups of equal size (for instance, points for ages from 
10 tp 35 and from 40 to 65); to calculate the mean value 
of N(x)/N(x) for each group, and to accept the growth 
rate that minimizes the -difference between the two 
means. If the slope of N(x)/N(x) indicates that the 
growth rate has been misspecified, the following rule of 
thumb can be used to estimate an adjusted value of r. 
The effeci of an estimate of r th$ incorporates an error 
& on N(x) is to increase N(x) by a multiplier 
1 +(&)ex, where ex is the expectation of life at age. x. 
Given that ex does not vary rapidly with the overall 
level of mortality for advanced values of x ,  the estima- 
tion of ex for particular applications can be avoided 
while still obtaining 5 reasonable first approximation to 
&. If the values of N(x)/N(x) for values of x from 20 
to 40 and from 40 to 60 are averaged, and the difference 
between them (a rough indicator of slope) is obtained by- 
subtracting the 20-40 average from the 40-60 average, a 
first approximation to & can be found by dividing the 
result by 14.5. This value of 14.5 is suitable for an e 10 of 
about 55 years; if the true value of elo were 45 years, the 
value of the denominator should be about 12.7, whereas 
for 65 it should be 18.4. 

Step 5: a#wtment of mported &h rates for undcrregis- 
tration and ca/ddion q a  lve table for &Its. If the age 
intervals are, for example, 10-14,. .., 75-79, 80+, then 
adjusted death rates are calculated in a straightforward 
manner as follows: 

and 

Lastly, the ,m.fj values are converted into life-table 

14 to 75-79: 
'S values in the usual manner for the age groups from 1 

table. However, some irregularities generally will 
remain in the sequence of adjusted smX values, because 
of age-misreporting or other errors; and further adjust- 
ment and smoothing, for example, by comparison with 
mortality models, will be desirable. For further details 
on these types of adjustments, see chapter VI. 

4. Rmt &tiled example 
The case of the female population-of El Salvador in 

1961 is considered first. The deaths registered in that 
year, classified by age, are shown in table 124, along 
with the population enumerated at the time of the 1961 
census, with a reference date of 5 May 1961. 

TMLE 124. FEMALE POPULATION AND DEATHS BY AGE. 

ELSALVADOR. 1961 

For the open interval 75 +. 

TABLE 125. 1 NTERCENSAL GROWTH RATES FOR FEMALES. 

EL SALVADOR. 1950- 197 I 
Iuemd f p w l h  ~ l e  

""(7 19rnIWI I%/-1970 
m (J) --. (4) 

10+ .............. 0.0236 0.0330 0.0283 
IS+ .............. 0.0224 0.0307 0.0266 
20+ .............. 0.0232 0.0289 0.0260 
25 + .............. 0.0246 0.0287 0.0266 
30 + .............. 0.0258 0.0290 0.0274 
35 + .............. 0.0253 0.0298 0.0276 
40 + .............. 0.0266 0.0307 0.0287 
45 + .............. 0.0284 0.0309 0.02% 
50 + .............. 0.0293 0.03 1 1 0.0302 
55 + .............. 0.035 I 0.0326 0.0338 
60 + .............. 0.0366 0.0327 0.0346 

(~.o),rn,"di 
sqx = 1.0+(2.5)5m,"J 

(B.9) Step 1: estimation of growth mte. Censuses were taken 
in El Salvador in 1950, 1961 and 1971. From the cumu- 

Then, using the relation 1 (x +5) = I(x X1.O -sqx), values lated population figures, N(x +), growth rates for the 
.... of 1 (x ) for ages from 15 to 80 can be determined with a population over ages 10, 15.20, 60 were calculated as 

radix l(10) of 1.0 at age 10. If an estimate of l(10) is r = In[N2(x +)/Nl(x +)]/(t2-tl) for each of the two 
available from the procedures described in chapter 111, it intercensal periods. Results are shown in table 125, 
can be employed directly in calculating the full life along with the averages of the two. If the population 



were really stable and all data were accurately recorded, D(lO+)= D(O+)-$DO-@S 
then the growth rates would all be the same. Examina- 
tion of table 125 reveals that they are not, so some = 13,652-6,909-610= 6,133. 
choice must be made. The median of the average values 
(which roughly correspond to the growth rates in 1961) The ratio is then calculated: 
for ages ranging from 20 to 60,0.0287, was selectee. If 
this choice is a poor one, the diagnostic plot of N IN D(45 +)/D(10 +)= 4,089/6,133 = 0.6667: 
should reveal the error and an improved choice can be 
made., 

Step 2: a@umcent of reputed population to mid-point of 
period. The population figures correspond to the census 
reference date of 5 May, while the deaths are centred on 
1 July. Thus, the sN, and N(x to A ) values are too 
small by a tiny fraction. The difference in time between 
the mid-year and 5 May is 56 days, or 0.1534 of a year. 
Thus, the adjustment factor that should be applied to the 
population data is exp [(O. 1534)(0.0287)] = 1.0044. 
However, as stated before, the population data need not 
be adjusted at this stage, since it is simpler to adjust the 
resulting completeness of death registration (see step 4 
below). 

Step 3: estimation of pophation f m  registered deaths. 
In this case, the open interval is the age group 75 and 
over, so A is taken equal to 7;. Thus, in order to begin 
the recursive calculation of N, an estimate of z(75) is 
needed. 

The rate of growth has been estimated as 0.0287, and 
the mortality pattern regarded as suitable is West, so all 
that is required to estimate z(75) is the ratio of deaths at 
ages 45 and over to deaths at ages 10 and over. Cumu- 
lating from the bottom of column (2) of table 124, 

The value of D(10+) can be obtained most readily by 
subtracting deaths under age 10 from all deaths: 

and its exponential value found: 

exp [D(45 +)/D(lO+)] = exp (0.6667)= 1.948. 

Using the coefficients from table 123 in equation 
(B.4). 

z (75)= a(75)+b(75)(0.0287)+c(7S)(lI948) 

= - 1.64 +(42.9)(0.0287) +(3.9 1 )( 1.948) = 7.2 1. 

fi(75) is then obtained by applying equation (B.3): 

fi(75) = D(75 +)exp [rz (75)] = 

( 1 , 3 6 0 ) ~ ~ ~  [(0.0287)(7.2 I)] 

= (I ,360)(1.2299) = 1,672.9 

Then fi(70) is computed using the recursive equation 
(B.5): 

TABLE 126. VALUES OF REFORTED DEATHS, ESTIMATED FOWLATION FOR DIFFERENT AGES AND RATIOS 
OF ESTIMATED TO REPORTED FOWLATION. FEMALES, EL SALVADOR 1% 1 . 

For the opcncnded age group 75 and over. 

136 



Estimates of R(x) for all the required valyes of x are 
shown in column (3) of table 126. Next, SN70 is calcu- 
lated as 

and $(x to 75) is calcula!ed by cymulation. The com- 
plete sets of estimated 5Nx and N(x to 75) values are 
shown in columns (4) and (5) of table 126. 

Step 4: estimation of completeness of &ath registrution. 
Values of 5Nx I5NX and N(x to 75)/N(x to 75) are 
shown in columns (6) and (7) of table 126 (the denomi- 
nators of the ratios are found in columns (3) and (4) of 
table 124); both sets of values are disp!ayed in figure 12. 
To illustrate the stability of the ratios N(x to A )/N(x to 
A ) with respect to A ,  their values using an open interval 
of 60+ are also shown in table 126. Although they are 
slightly higher than those obtained using as open inter- 
val 75 +, the differences observed ?re small. Because, as 
figure 12 shows, the sequence of N(x to 75)/N(x to 75) 
ratios is approximately flat over the age range from 5 to 
60, their median, 0.825, is selected as an unadjusted esti- 
mate of C, the completeness of death registration. 
Adjustment of C is necessary to make allowance for the 
difference existing between the date of enumeration of 
the population and the mid-year (see step 2): Thus, the 
adjusted completeness of death registration, C, is 

Because in this case the difference in the dates men- 
tioned above is relatively small, the difference between 
the adjusted and unadjusted C is minimal, and for all 

practical purposes, adjustment can by bypassed. How- 
ever, it is important to remember its theoretical necessity 
in cases where the date difference is large. 

Step 5: adjustment of reported death rates. The age- 
specific mortality rates can be adjusted in the straight- 
forward manner by using equation (B.7) with the unad- 
justed estimate of C. For example, the adjusted death 
rate for age group 50-54 is given by 

5. Second detailed example 
The second example, using data fro-m Andra Pradesh 

State in India, illustrates how sets of N IN ratios can be 
used to estimate the completeness of death registration 
when the sequence of ratios is more irregular than in the 
case of El Salvador. The details of the calculations are 
not presented, however, since they are similar to those of 
the first example. 

Step 1: estimation of growth rate. in Andra Pradesh, 
the male population aged 10 and over increased from 
13,137,000 on 1 March 1961 to 15,806,000 on 1 April 
1971. The intercensal period was thus 10 years and 31 
days, or 10.085 years, so the intercensal growth rate of 
the population aged 10 and over, r (10 +), is given by 

Step 2: @ustments to b i c  data. The basic data (for 
males) on deaths by age and population by age for 1970 
and 1971 come from the Indian Sample Registration 

Figure 12. Plot of ratios of estimated to rewed female 
population, El Sllvdor. 1961 
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age 5 to a value over 1.0 at age 20, then falls to 0.80 at 
age 40, remaining between 0.79 and 0.89 from ages 35 to 
60, except for age 55. The probable explanation of this 
upanddown movement is the deviation of the reported 
age distribution from a stable form, which, although 
attributable to a true lack of stability is more likely to be 
the result of differential omission, or of the tendency to 
misstate age. It should be borne in mind $at the con- 
struction of the estimated population sNX from the 
recorded distribution of deaths and the grow,& rate, 
being cumulative in form, tends to follow a stable age 

distribution quite closely. Thus, if there arc segments of 
the age distribution that a? undercounted in the census 
or sulvey, the value of 5NX 15Nx will reach a peak at 
these points; and where, through age-misreporting, the 
population is over-enumerated, s!VX ISNx will show a 
minimum. The high point of sNX /sNX at age 20 is 
almost certainly the mult of an undercount *of the 
cohort aged 20-24. The cumulated values, N(x to 
70)/N(x to m), show no general trend with age; and the 
median value of 0.8% can be accepted as a sensible esti- 
mate of completeness of death registration. 

Figam 13. Pkt d nUoQ d estimated to npoltccl male popdatbn, 
Mn Rrkrb State, I d h ,  1910.1971 

It is likely that the age-misreporting that appears to 
have distorted the reported age distribution of @e popu- 
lation also produced an inexact reported age distribution 
of deaths. Thus, the life table obtained from the central 
death rates, pax, adjusted for underreporting of deaths 
by a factor of about 1.0/0.9, might represent the overall 
level of mortality moderately well, but the detailed 
structure of the resultant schedule of mortality rates and 
the accompanying life table would probably be 
distorted. It is therefore preferable to calculate the 
expectation of life at age 10 in this life table and to util- 
ize a model life table with the same life expectancy as 
perhap a more trustworthy representation of mortality. 

C. BRASS GROWTH BALANCE METHOD 

1. h i s  of method and its ralitnaale 
In 1975, B& proposed a method to estimate the 

completeness of registration of adult deaths. This 

method is based on the equation: 

where N(x) is the number of persons of exact age 
x;N(x +) is the total number of persons aged x and 
over; D *(x +) is the total number of deaths occumng to 
persons aged x and over; and r is the growth rate. 

Brass proved that equation (C.l) is exact for stable, 
closed populations. Its validity can be explained in 
common-sense terms by the following argument: since 
N(x) may be thought of as being the number of persons 
in a year entering the group of those aged x and over, 
the ratio N(x)/N(x +) can be interpreted as a "birth 
ray" for the population aged x and over. 
D (x +)/N(x +) is the death rate corresponding to the 
same population; and, if one denotes by r(x +) the 
growth rate for the population aged x and over, the 
equation 



simply states the familiar truism that in a closed popula- 
tion the birth rate is equal to the sum of the growth rate 
and the death rate. Now invoking the assumption of 
stability, it is the case that in a stable population the 
growth rate r(x +) is, by definition, the same for every 
x ;  and, therefore, r(x +) can be replaced by r ,  and 
equation (C.2) becomes equation (C.1). that proposed 
by Brass. 

Once the validity of equation (C.l) is established by 
assuming stability, a second assumption is made. Sup  
pose that instead of observing D*(x +) (the total 
number of deaths over age x ), only a proportion of them 
was recorded, say D (x +), where 

C(x) being a factor representing the completeness of 
registration of deaths at age x and over. 

If it is then assumed that the completeness of death 
registration does not vary with age, at least over age 5 or 
age 10, C(x) can be replaced by a constant C that does 
not change with age. Letting K = 1 /C and substituting 
equation (C.3) in equation (C.l), the following relation- 
ship is obtained: 

For a closed, stable population, where the complete- 
ness of death registration is the same at every age and 
where age-reporting is accurate, equation (C.4) provides 
a method by which to estimate the completeness of 
death registration. According to equation (C.4), the 
relationship between D(x +)/N(x +) and N(x)/N(x +) 
is linear; and the slope of the line defined by the points 
[D(x +)/N(x +), N(x)/N(x +)] is the value of the 
adjustment factor K. Hence, to estimate K, one needs 
only to find the slope of the line defined by the points 
[D(x +)/N(x +), N(x)/N(x +)I. Note, however, that 
no explicit allowance is being made for age- 
misreporting, whether of age at death or of age of the 
living, though the use of cumulation is likely to smooth 
out some of the effects of age errors. It is fair to say, 
therefore, that whenever the age structure of deaths or of 
the population is distorted by poor reporting, the esti- 
mates yielded by this method may be biased, although 
the use of cumulation and judicious elimination of 
points from the fitting procedure will reduce the effects 
of such errors. 

In practice, the points [D(x +)/N(x +). 
N(x +)lN(x +)] seldom fall exactly on a straight line, 
and K is obtained by selecting the line that best fits the 
observed points. In some cases, however, the deviations 
of these points from a linear trend are so marked that 
the use of this method of estimation is unwarranted. 
Large deviations from linearity may be due to several 
causes. The most common cause is the inaccuracy of the 
data (usually the existence of age-misreporting), but lack 
of linearity may also be due to differential completeness 
of death registration by age or to the lack of stability of 
the population considered (in this case, r(x +) would 
not be constant for every x). So, in general, a plot of the 

observed values D(x +)/N(x +) against N(x )lN(x +) 
provides a good diagnostic tool to assess the validity of 
using this method to estimate K. Unfortunately, when 
the points are markedly non-linear it is not generally 
possible to identify a unique cause for this lack of linear- 
ity, nor to adjust the data in such a way as to make the 
use of this method of estimation possible. If, however, 
the deviation from approximate linearity is confined to 
points for the elderly, a straight line can be fitted exclud- 
ing the deviant points and therefore avoiding serious 
distortion. 

It is important to notice that the relationship 
expressed by equation (C.4) allows the estimation both 
of K, the adjustment factor for registered deaths, and of 
r ,  the growth rate of the population. This estimate of r 
is not robust to deviations from the hypotheses under 
which equation (C.4) was derived, and the user should 
not regard it as necessarily sound. However, the esti- 
mate of r may be compared with estimates obtained 
from other sources, and reasonable agreement may be 
interpreted as some confirmation that the assumptions 
being made are justified. 

When a solid, independent estimate of r is available 
for a stable population where age-misreporting is not 
prevalent, equation (C.4) may be modified in the follow- 
ing way: 

where the adjustment factor K is no longer a constant, 
but is allowed to change with age. The assumption of 
equal underenumeration of deaths at all ages is, there- 
fore, being dropped; and, since r is assumed to be 
known, equation (C.5) can be rewritten in the following 
form to allow the estimation of an adjustment factor, 
K(x ), for each open-ended age group: 

Sadly, equation (C.6) can seldom be used in practice 
because it is uncommon to find cases of stable popula- 
tions where age-reporting is fairly accurate and where 
K(x) would therefore measure differential underregis- 
tration of deaths by age rather than differential age- 
misreporting. 

To conclude this discussion, some comments need to 
be made on the validity of estimates obtained by this 
method when the population being studied is not stable. 
A stable population is established when fertility and 
mortality have both remained constant for a fairly long 
period of time. In day ' s  world, few, if any, popula- 
tions are truly stable. In most cases, destabilization has 
been brought about by changes in mortality. Most 
human populations have seen their chances of survival 
improve during the past 40 years and cannot, therefore, 
be stable. However, simulation has shown that when 
stable populations are destabilized by prolonged mortal- 
ity changes that occur slowly, the bias introduced in the 
estimation of K by this lack of stability is relatively 



small! Only when abrupt changes occur does the bias 
become large.' Of course, these simulations have been 
camed out using data that, apart from representing a 
non-stable population, are otherwise perfect. It is possi- 
ble, therefore, that in reality even the biases introduced 
by rapid mortality changes may be small compared with 
those caused by the poor quality of the available data. 
However, it is important to remember that declining 
mortality usually biases the value of K upward, thus 
producing an underestimate of the completeness of 
death registration. Therefore, when this method is used 
to estimate completeness in a population where mortal- 
ity has been declining and where age is reported accv- 
rately, the death-rate estimate obtained may safely be 
interpreted as an upper bound for the true rate. 

The effect that changes in fertility have on the estima- 
tion of K has not been as extensively studied as the 
effects of changing mortality. The reason is that fertility 
changes have only ret,xntly become common in coun- 
tries with poor data; and because these changes affect 
mainly the youngest age groups, they have little impact 
on the performance of this method of estimation. 

2. aolrarequired 
The data required for this method are described 

below: 
(a) The number of deaths occurring during a period 

(normally one year) classified by age and sex (though 
classification by sex is not necessary). Five-year age 
groups are adequate. The last age group must be open- 
ended; that is, it must include all the deaths at or over 
same age A ; 

(b) The number of persons in each age group at the 
mid-point of the period being considered, classified by 
sex if the deaths are so classified. The age groups used 
must correspond to those used for deaths. The last age 
group must once again be open, including all the popu- 
lation aged A and over. 

3. Computational procedure 
Two variants of the Brass method have been pro- 

posed, the difference lying essentially in the way in 
which the left-hand side of equation (C.4) is evaluated. 
One procedure, and that originally proposed, is to 
attempt to estimate N(x), the number of persons reach- 
ing age x in a year, from the number of persons in the 
five-year age groups adjacent to x ; the second is to esti- 
mate N(x) for the mid-point of a five-year age group. 
The latter procedure is theoretically preferable, because 
the non-linearity of the age distribution is less marked 
over a five-year age span than over a 10-year span. 
However, for a population in which there is more than a 
trivial amount of age-heaping, the theoretical advantage 

' Hoda M. Roshad. "The estimation of adult mortalit from defec- 
tive registration'*. unpublished doctoral dissertation. bnirersity of 
London. 1978. 

Linda G. Martin. "A modification for use in destabilized popula- 
tions of Brads technique for estimatin com leteness of birth rrg~stra- 
tion". Popwtttion Studies, YO,. XXXJV. ko .  2 Luly 1980). pp. 381-395. 

of the second procedure is outweighed by the practical 
advantage of the first, that is, that the effects of heaping 
are reduced when N(x) is estimated from two adjacent 
five-year age groups, one of which is likely to be inflated 
(the one including an age ending in zero) and one of 
which is likely to be deflated. Numerous applications 
have shown that the first procedure yields results that are 
more easily interpreted. Hence, only this procedure to 
estimate N(x) is described here. The steps of the com- 
plete computational procedure are given below. 

Step I: the person-ys lived by the population subject 10 
the risk of cjmg. This step, which consists of adjusting 
the reported population to the mid-point of the period 
for which the death data are available, is exactly the 
same as step 2 of the Preston-Coale procedure, It need 
not, therefore, be repeated, especially since it can gen- 
erally be omitted, in accordance with the discussion 
under step 2 in subsection B.3. 

Step 2: calculation of population at an exact age. By 
definition, N(x) is the number of persons who reach age 
x during the course of the year under consideration. 
When the total population for the mid-year is classified 
by single year of age, N(x) can be estimated from the 
number of persons in the two contiguous age groups, 
Nx - 1 and , N, . Thus, if one lets Nx be the number of 

persons of age x enumerated by the census or survey, 

If the classification by age is made in five-year age 
groups and 5NX is the number of persons in the age 
group from x to x +4 at the time of the census or sur- 
vey, N (x ) can be estimated as 

In general, equation (C.8) is preferable because it con- 
tributes to the reduction of the effects of age-heaping. 

Step 3: calculation of population over an e m  age. I ne 
total number of persons aged x and over is denoted by 
N(x +). Thus, when the data are available for five-year 
age groups, 

where N(A +) represents the number of persons in the 
last, open-ended age interval. If the data arc available 
only by single year of age, then 

A - I  
N(x +)= 2 IN, +N(A +I- (C. 10) 

y =x 

Note that there is no advantage in calculating N(x +) 
from single-year rather than grouped data, unless the 
entire analysis is to be camed out by single years of age, 
a procedure that is likely to be excessively tedious and 
more unreliable when any degree of age-heaping is 
present. 



Step 4: calculation of number of deaths af t r  an exacl 
age. The calculation of the cumulated number of deaths 
from age x onward is very similar to that of N(x +). 
D(x +) is just the total number of deaths recorded as 
having occurred to persons aged x and over. Thus, if 
the deaths are classified by five-year age group, 

A -5 

N(x +)= 2 sD, +D(A +) (C. 1 1) 

where D(A +) denotes the deaths in the open-ended age 
interval A and over. If the data are only available by 
single year, or it is wished for some reason to carry out 
the analysis by single years of age, then 

A - 1  
D(x +)= I: lDy +D(A +)a (C. 12) 

y = x  

Step 5: points defined by partial death and birth rates. 
Using the quantities calculated in the previous steps, the 
calculation of the values D(x+)/N(x+) and 
N(x)lN(x +) is straightforward. Once calculated, they 
should be displayed graphically, plotting the values of 
D(x +)lN(x +) on the x-axis and those of 
N(x )/N(x +) on the y-axis. The same scale should be 
used on both axes. The plotted points should ideally 
follow a linear trend. If it is clear that the points do lie 
roughly on a straight line, the next step can be per- 
formed with some confidence. Otherwise, the use of this 
estimation method may have to be abandoned. 

Step 6: selection of a besrfiting line. There are several 
ways of fitting a straight line to a series of points. Prob- 
ably the most widely used method is that known by the 
name of "least-squares". The least-squares line is that 
which minimizes the sum of the squared distances 
between its points and the points to be approximated. 
In the sense that it approximates all these points as 
closely as possible, it provides a best fit. If the data 
points derived in step 5 were affected only by random 
errors, this line would certainly be that chosen to esti- 
mate the adjustment factor K. However, given the inac- 
curacies typically present in the data sets considered 
here, the use of other methods of fitting appears to be 
preferable. Two of the simplest are suggested below: 

(a) 'Ihe "mean" line. This line is defined by the 
means of the abscissae (horizontal axis values) and ordi- 
nates (vertical axis values) of the derived points when 
those points are divided, according to age, into two 
groups of approximately equal size. For example, if 15 
age groups are used, the values of D(x +)lN(x +) for 
the first eight values of x are averaged, as are the values 
for the last eight x values. (The middle point is included 
in both averages.) Similarly, mean values are obtained 
for the first eight and last eight values of N(x)lN(x +). 
The desired line is that which passes through the two 
points defined by the two pairs of mean co-ordinates. 
This line will not be as near as possible to all the points 
derived in step 5, but it will. closely approximate their 
general trend when this trend is linear. One possible 
disadvantage of this fitting procedure is that it gives 

qua1 weight to all the derived points. In practice, it is 
oftcn the case that one or two of these points (usually at 
the two extremes of the age range) depart markedly 
from the linear trend followed by the rest. In such cases, 
it may be better to ignore them altogether than to take 
them into account in selecting a representative straight 
line; 

(b) 77u ?&t"line. To deal with such cases as that 
described above, where linearity is apparent in the mid- 
dle of the age range but where distortions are present at 
the extremes, it is recommended that trimmed means be 
used in fitting the mean line, instead of using the usual 
means. The line fitted by using trimmed means is called 
a "robust" line because trimming makes the fit less sen- 
sitive to large deviations from .linearity at the extremes 
of the age range. Trimmed means are a generalization 
of the usual mean or average, which is calculated by giv- 
ing equal weight to each entry. When trimming is per- 
formed, the weights applied to different observations are 
not constant for all observations; the sum of weights 
times observations is standardized by dividing it by the 
sum of the weights used. The procedure for computing 
trimmed means is relatively simple and is fully described 
in the detailed examples. 

Step 7: @wtment of death rate. Once the straight line 
that best fits the points derived in step 5 is selected, the 
values of the adjustment factor, K, and of the growth 
rate, r ,  are given by its slope and y-intercept, respec- 
tively. The value of the completeness of death registra- 
tion, C, is just the reciprocal of K, that is, C = l.OIK, 
provided all the necessary data adjustments were carried 
out in step 1. If the value of r is plausible;, one can 
attach greater confidence to C, the estimate of com- 
pleteness. In such a case, an adjusted death rate can be 
obtained by multiplying the reported death rate by K. 
Note, however, that the trend of the points 
[N(x)/N(x +), D(x +)lN(x +)I is determined mainly 
by those corresponding to fairly advanced ages, so that 
effectively the level of completeness estimated refers 
only to adult deaths. Therefore, the value of K should 
be regarded as an adjustment factor only for the death 
rate over age 5 or 10, and may not be applicable to the 
death rate of the population as a whole. 

The value of K may also be used to adjust the derived 
age-specific death rates, ~m,. This procedure is valid 
only if the assumption of constant completeness of death 
registration by age holds true. The adjusted ex values 
can then be used, together with independent estimates of 
child mortality (see chapter 111), to construct a life table 
for the population considered. In practice, this life table 
is seldom constructed directly from the adjusted ~m, 
values since age-misreporting makes them too unreli- 
able; however, they can be used as a basis for fitting a 
mortality model from which the final life table will be 
derived. For further details of this procedure, see 
chapter VI. 

4. First detailed example 
In this example, the case of the female population of 

El Salvador in 1961 is again analysed. The n u h W  of 



female deaths and women classified by age have already 
been presented in table 124 in the previous detailed 
example. Step 1 is omitted here, as adjustment for the 
census date is not necessary at this point. 

Step 2: calculation ofpopuIation af an exat age. The 
value of N(x), the number of persons of exact age x ,  is 
obtained by adding the number of persons in two con- 
tiguous age groups and dividing by the number of years 
spanned by those age groups (usually 10). In this case, 
N(10), for example, is obtained as follows: 

Column (2) of table 129 shows the values obtained for 
all values of x up to 70; no value can be computed for 
75, because the open age interval begins at that age. 

TABLE 129. ELEMENTS NEEDED TO ESTIMATE COMPLETENESS OF DEATH 
REG~STRATION AMONG ADULT FEMALES. EL SALVADOR. 196 1 

Step 3: calculation oj'ppulation over an exact age. The 
number of persons aged x and over, denoted by N(x +), 
is computed by cumulating the numbers reported in 
each age group (shown in table 124) from that beginning 
with age x upward. For example, N(50+) is 

All values of N(x +) are given in column (3) of table 
129. Note that in practice one calculates N(x +) by 
cumulatine. downward, each time adding the population 

of persons whose age was recorded as unknown is 
ignored. Since these numbers are generally small, seri- 
ous biases are not likely to be introduced by disregard- 
ing them. 

Step 5: pints dejhd by partial birth and death rafes. 
Using the values obtained in the previous steps, the 
ratios D(x +)/N(x +)and N(x)/N(x +)are calculated. 
Their values are shown in table 130. The calculation of 
the partial birth rate, N(x)/N(x +), involves simply 
dividing the entries listed in column (2) of table 129 by 
the corresponding enwies in column (3) of the same 
table. For example, 

Similarly, the calculation of the partial death rate, 
D(x +)/N(x +), involves the division of the entries in 
column (4) by those in column (3) of table 129. Thus, . 
for example, 

Table 130 gives results for other ages and figure 14 
shows a plot of the points. Note that the values of 
D(x +)/N(x +) are plotted on the x-axis (abscissa), 
while those of N(x )/N(x +) appear on the y-axis (ordi- 
nate). The same scale has been used to plot both values. 
The use of equal scales for both axes aids in the assess- 
ment of linearity of the plotted points. 

TABLE 130. PARTIAL DEATH AND BIRTH RATES FOR FEMALES, 
EL SALVADOR. 196 1 

of one mGre five-year age group to R((x $5)+), so 
N(50+)= N(55 +)+5Nm, for example. It is important at this point to examine figure 14 with 

some care. Ideally, as explained in the general introduc- 
4: cmlelation ?f nunbn of *atIrs @er an tion to this method, the points should lie approximately 

age. The calculation of D(x +) is on a straight line. Deviations from linearity are, how- 
that of N(x +). Thus, for example, D(50+) is ever, inevitably present in empirical data. The mssible 

causes of such-deviations are varied and the invistigator 
should consider all the relevant ones. In'  the case of - - - -- - - - - - - - - 

504 + 1,360) = 3,732 females in El Salvador in 1961, the points show a 
definite linear trend, though the last point (for age 70) 

w h e ~  the deaths reported in each age group have been deviates markedly from the linear trend suggested by the 
taken from table 124. Also, it is important to point out others. As for the strange pattern displayed by the first 
that to calculate both N(x +) and D(x +), the number three points, it is frequently encountered in empirical 



data and is associated with distortions of the values of 
N(x ) brought about by age-misreporting. 

Examination reveals that the data at hand are far 
from perfect. Aside from the possible lack of stability of 
the population being analysed, errors in age-reporting 
are undoubtedly present. Yet, the relative linearity of 
the central segment of the plotted points still warrants an 
attempt to obtain a rough estimate of the completeness 
of death registration. This parameter is calculated in the 
next step. 

14. Plot of partial btrth rates, N(x) /N(x  +), against partial 
death rates, D(x + ) / N ( x  +),for females, El Salvador, 1961 

TABLE 13 1. FITTING OF A STMIGHT LINE BY GROUP MEANS, 
FEMALES, EL SALVAWR. 1961 

Once the means of each group have been computed, 
the slope of the fitted line is calculated according to the 
equation 

Step 6: seicction of a best firring line. An examination 
of the points shown in figure 14 suggests that all of them, 
except the last two (those for age 65 and over and age 70 
and over), lie around an approximate straight line. A 
straight line is therefore fitted to the remaining 12 points, 
from ages 5 to 60. The points are divided into two 
equally sized groups, one comprising points for ages 
ranging from 5 to 30, the other from 35 to 60. The mean 
abscissa and ordinate values for each group are calcu- 
lated by summing the observations for each group and 
dividing the sum by the number of observations in each 
group. Thus, the mean of the first group of partial death 
rates D(x +)IN(% +), denoted by XI, is 

The value of K implies that the completeness of death 
registration is C = I.O/K = 0.840, or 84 per cent, and 

The groups and their means are shown in table 13 1. 

0.02 

Note that this rate of growth is almost identical to that of 
0.0287 obtained in subsectioq B.4 from census data. 

Even though the estimate of K obtained above is 
probably the best possible, as an example another is 
computed by fitting a robust line. This exercise will 
serve to show that the use of trimmed means reduces the 
influence of extreme points on the estimated value of K. 

Table 132 illustrates the way in which trimmed means 
are computed. All the observations have been used, but 
three have been "trimmed" at each end of the age range. 
The weights associated with each observation are listed 
in column (2). Note that the data set has been divided 
into groups of equal size and that the weights are sym- 
metrical with respect to the centre. The line labelled 
"Weighted total" shows under column (2) the sum of the 
weights used, and under columns (3) and (4), the sum of 
the weighted observations. Thus, for example, 

taking into account the slight adjustment necessary for - the difference between the census date and the mid-year 
(see step 2 of pbsection B.4), the final estimate of com- 
pleteness is C = 0.840/ 1.0044 = 0.836. Once more, in 

I I I I I I this case the necessary adjustment is so small that for all 
o 0.02 0.04 0.06 0.08 0.10 0.12 practical purposes it can be ignored. 

wx + ) I N ~ X  +) From the estimate of K, the corresponding value of 
the growth rate r can be obtained as follows: 



and 

0.2320= (0.25X0.038 1) +(0.50)(0.039 1) +(0.75)(0.038 1) 

+0.0401+0.0426 +0.0434 +0.0482. 

TABLE 132. ES~IMATION OF AN ADJUSTMENT FACTOR. K. BY USE OF 
TRIMMED MEANS. FBMALFS, EL SALVADOR. 196 1 

5.. ............ 
10 .............. 
IS .............. 
20.. ............ 
25.. ............ 
30.. ............ 
35 .............. 
Weighted 
total .......... 
Weighted 
mean ........ 
40.. ............ 
45.. ............ 
50 .............. 

the means are obtained by dividing the sum of the 
weighted 0 b ~ e ~ a t i o n ~  by the sum of the weights, that is, 
the totals under columns (3) and (4) by the total under 
column (2). For example, 

The X* and Y* values are the trimmed means of the 
grouped observations. From them, the calculation of 
estimates of K, C and r is straightforward: 

Note that the estimates obtained for each of .these 
three parameters by using trimmed means are very simi- 
lar to those obtained earlier using simple means. The 
rounded value of C* still implies that adult female death 
registration in El Salvador was only 83 per cent com- 
plete in 1961 (disregarding for the 5oment the adjust- 
ment for census date). The value of r is virtually identi- 
cal to r'. It is also interesting to recall that the use of the 
Preston-Coale procedure described in subsection B.3 led 
to an estimate of coverage of 0.825 using a 75 + open- 
ended interval and a growth rate estimate of 0.0287, 

55 .............. 1.00 0.0342 0.0662 again disregarding the adjustment for census date (see 
60.. ............ 0.75 0.0413 
65.. ............ 0.50 0.0546 

0-0774 step 4 of subsection B.4). The similarity of these esti- 
0.1044 

70.. ............ 0.25 0.0680 0.09ss mates is reassuring. 
Weighted Step 7: @wtment of &h rate. To obtain an adjusted 
total .......... 5.50 0.1778 0.3732 death rate or adjusted age-specific mortality rates, one 
Weighted simply multiplies the observed rates by K or by K*. 
mean ........ X2* = 0.0323 Y2* = 0.0679 Because the trimmed-mean estimate is somewhat more 

robust, it has been preferred. For example, for the death 
rate over age 5, 

The "totals" for the second group are obtained in 
exactly the same way. Once these totals are computed, d(5 +)= K*[D(5 +)lN(S +)I = 1.201(0.0064)= 0.0077. 

TABLE 133. VALUES OF POPULATION AT DIFFERENT AGES. REPORTED DEATHS AND PARTIAL BIRTH 
AND DEATH RATES FOR MALES. ANDRA PRADESH STATE. INDIA. 1970-197 1 

Ymrn =rn %z7 rmw pmrd 

t IT; d o r r  - W x  Mnh rcur dmlh me 
Wx+) Wx+) NWINfx+) lyx+)/N(x+) 

(1) (4 (3) (4) (5) (6) 

5.. ............ 569.3 17 1 1 1  187.10 0.0333 0.0 109 
10 .............. 524.5 14 307 173.22 0.0367 0.0121 
I5 .............. 432.0 1 1  866 167.97 0.0364 0.0 142 

............ 20.. 334.2 9 987 163.50 0.0335 0.0 164 
'25 .............. 286.7 8 524 157.79 0.0336 0.0185 
30. ............. 275.9 7 120 148.72 0.0388 0.0209 
35 .............. 260.2 5 765 142.96 0.045 1 0.0248 
40.. ............ 244.6 4518 134.61 0.054 1 0.0298 
45 .............. 2 12.4 3319 122.32 0.0640 0.0369 
50.. ............ 177.3 2 394 110.38 0.074 1 0.046 1 
55 .............. 133.3 1 546 90.59 0.0862 0.0586 
60.. ............ 99.0 1061 76.36 0.0933 0.0720 
65.. ............ 75.9 556 53.69 0.1365 0.0966 



5. Sclcostd&tailade~e 
Andm Radesh provides an intensting example of 

what happens to the application of the Brass growth bal- 
ance method when age is poorly reported. The basic 
data have already been presented in table 127. The 
values of N(x), N(x +), D(x +), N(x)/N(x +) and 
D(x +)lN(x +) are shown in table 133. The values of 
N ( x ) l N ( x  +) and D(x + ) / N ( x  +) are plotted in figure 
15. 

The first five points are a trendless jumble, but the 

1 1 1 1 1 I 
~ 0 2  om aoe om a10 a12 
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points from age 30 upward follow something like a 
straight line, although if the last point were excluded, 
the points for 30-60 would look as if they were following 
a curve. A straight line can be fitted to the points from 
30 on; the'line, fitted by group means, has a slope of 
1.169 and an intercept of 0.0177, indicating that adult 
deaths were underreported by nearly 14 per cent. How- 
ever, such a line is strongly affected by the last point and 
also by the exclusion of the first five points; it might, 
therefore, represent a case where trimming would be 
very effective. Following the previous example, using 
all available points, but weighting the first and last by 
0.25, the second and second from last by 0.50, and the 
third and third from last by 0.75, gives a rather different 
straight line with a slope of 1.257 and an intercept of 
0.0144; thus, the robust line indicates a rather lower 
growth rate and a level of omission of some 20 per cent. 

Of the two, the robust line should probably be pre- 
ferred, but not a great deal of confidence can be 
attached to the results of this method when the derived 
points do not approximate a straight line. One feature 
that is not prominent in figure 15 is evidence of exag- 
geration of age at death; such exaggeration should lead 
to a tendency for the plotted points to curve off to the 
right, because the partial death rates over each age 
would increase more rapidly than the partial birth rates. 
The points from 30 to 60 do show something akin to 
such a pattern, but the point for age 65 and over fails to 
confirm the continuation of the pattern to higher ages. 
In general, exaggeration of age at death is likely to result 
in overestimates of completeness, since the points for 
higher ages would tend to pull the slope down. 

In conclusion, it is difficult to interpret the results of 
applying the Brass method in this case. It may be men- 
tioned in passing that in this application, the results of 
the Brass method are rather different from the ones 
obtained by applying the Preston-Coale method, which 
in subsection B.5 gave an estimate of coverage of nearly 
90 per cent and a growth rate of 0.0183. Thus, this 
example should be taken as a warning against the 
mechanical application of any method. In applying the 
Brass procedure, careful examination of the behaviour 
of the plotted points is essential. 



DERIVATION OF A SMOOTH LIFE TABLE FROM A SET 
OF SURVIVORSHIP PROBABILITIES 

A. BACKGROUND OF METHODS 

I. Necessity of smoothing and completing 
sets of sumMwrship probabilities 

There are several situations in which one can obtain 
estimates of life-table probabilities of survivorship, I(%), 
but in which one would still want to smooth' these esti- 
mates with reference to a model life table. For example, 
one could calculate a life table directly by converting 
observed ,m, values into , q, and hence into l(x) 
values. In other instances, the I (x ) values available may 
not define a complete life table because some may apply 
to childhood and some to advanced adult ages (as those 
obtained from maternal orphanhood data). In the most 
common situation, one would estimate childhood sur- 
vivorship probabilities from information on children 
ever born and children surviving (see chapter 111) and 
estimate adult suwivorship probabilities from informa- 
tion on spouse survival or on parental survival (see 
chapter IV), and the age ranges covered by these sets of 
estimates will not exhaust the 0-85 life-table range. In 
such cases, both an element of smoothing and some 
interpolation or extrapolation to obtain missing l(x) 
values may be necessary. 

In yet other situations, one may wish to derive com- 
plete sets of life-table probabilities of survivorship, 1 (x ), 
from childhood mortality estimates and conditional sur- 
vivorship probabilities for adults (such as the probability 
of surviving from age A to age B, I (B)/l (A )). Condi- 
tional probabilities are usually obtained from informa- 
tion on widowhood or orphanhood (see chapter IV) or 
by the use of some deathdistribution method (see 
chapter V). The problem one faces in this circumstance 
is to link the two independent estimates. Again, this 
linkage is usually accomplished by reference to a model 
life table. 

2. Organization of this chapter 
This chapter focuses on methods to derive complete 

life tables from partial information on survivorship 
probabilities. Two types of methods are distinguished: 
those which allow the smoothing and interpolation of 
1 (x ) values (called the "SI methods"); and those which, 
in addition to incorporating some element of smoothing 
and allowing interpolation, permit the linkage of direct 
or unconditional probabilities of survivorship, I(%), with 
conditional probabilities, i.e., the ratios of I(x) values 
(called the "L methods"). The sections presenting each 
type of method are described below: 

TABLE 134. SCHEMATIC GUIDE TO CONTENTS OF CHAPTER VI 

Swka AM~KIIQ) adnmkd 9Pdr*vh Err imadpnmnm 

B. Smoothing and interpola- A set of I(%) values. It may be the Parameters a and /I defining 
tion of an incomplete set complete I ( x )  function for x= I. 5, the fitted I ( % )  function in the 
of survivorship probabii- 10. .... 80, or some subset of those logit system generated by the 
ities values selected standard 

A reliable, complete set of I ( x )  values A complete life table 
to be used as standard 

C. Linkage of child survivor- C.2. Using the logit system A set of l ( z )  values, usually for child- Parameters a and /? defining 
ship probabilities with hood ages the fitted I(.r ) function in the 
conditional adult sur- A set of conditional survivorship prob- logit system 8enerated by the 
vivorship probabilities abilities, of the form I ( x ) / I ( y )  selected standard 

A reliable, complete set of I ( x )  values A complete life table 
to be used as standard 

C.3. Using the Coale-Demeny A set of I ( z )  values, usually for child- A complete life table 
models hood ages 

A set of conditional survivorship prob- 
abilities, of the form I ( x ) l l ( y )  

Section B. Smoothing and inreplation of an incomplete ' The term "to smooth" is used in this M a ~ l  in its most general xt q -iVOrSkp p ~ l i f i e s .  T T ~  section a sense to mean the elimination or minimization of irregularities often 
mesent in remrted data or in ~reliminarv estimates obtained from smoothing and interpolation method based on the use of 
ihem. In this msc, the set 6f psiblrsibi; "smoothing techniques" the logit nfe-table @stem. It requires as input a set of 
encompasses a wide variety of mccdures, ranging from the fitting of su,,,ivors~ip probability -timates, l(x ). models to simple avera@ng. f h e  traditional smoothin6 techniques 
applied to age discributrons p ;tb observed age-spec~fic mortality k" Secrion C Linkage of child survivorship probabilities 
rates are part of this set, bur-1 ey do not exhaust it. The somewhat 
rougher procedures described in this M a d  are ne-ry because the Wifh cOdriond survivorsh@ prWIities. This 
basic data available are both deficient and incomplete. tion presents two linkage methods based. respectively, 



on the use of the logit life-table system and the Coale- 
Demeny life tables. Both require as input a set of child 
survivorship probabilities, l(z), and a set of conditional 
survivorship probabilities of the form 1 (x )11 (y ). See 
table 134 for more details. 

B. SMOOTHING AND INTERPOLATION OF AN 
INCOMPLETE SET OF SURVIVORSHIP PROBABILITIES 

1. h i s  of method and its rationale 

Perhaps the simplest technique for smoothing and in- 
terpolating between a sequence of l (x)  values is pro- 
vided by the logit system described in chapter I, subsec- 
tion B.4. Because all life-table l (x)  functions belonging 
to the same logit system are related linearly on the logit 
scale, one way of smoothing the observed l (x )  values 
would be to plot their logit transformations against those 
of some standard life table. If the estimated life table 
does conform to the logit system generated by this 
standard, then the plotted points should form a fairly 
straight line with slope /3 and intercept a; any method of 
line-fitting can then be used to estimate the actual values 
of these parameters. However, when the plotted points 
depart from a straight line, the problem of selecting the 
best fit is less tractable. If the observed deviations from 
linearity are systematic, as, for example, when the devia- 
tions become larger as age increases or as age decreases, 
or when the plot is decidedly curvilinear, the use of a 
different standard should be considered. If, on the other 
hand, the deviations from a linear trend seem to be ran- 
dom in nature, the exclusion of some of the points may 
be necessary before a line is fitted to the remaining 
points. In such a case, the use of fitting techniques (such 
as regression) that assume some homogeneity in the 
errors affecting the data is not warranted, because the 
errors involved are likely to have different variances at 
different points and these variances cannot be estimated 
from the data usually available. Hence, in cases of 
rough overall linearity, where distortions are mostly due 
to errors, rather crude fitting techniques (such as those 
described in chapter V, subsection C.3), coupled with 
the judicious selection of the most reliable points, is 
probably the most acceptable procedure to follow. 

In the application of this smoothing procedure, the 
selection of an appropriate standard is of great impor- 
tance, since only when the mortality pattern of the 
standard resembles that of the observed l(x) function 
will the linear relationship on the logit scale be evident. 
The most comnlon sources of standards are sets of 
model life tables. The general standard proposed by 
~ r a d  is always one possibility to be considered (see 
chapter I, table 2), as are the four families of the Coale- 
  ern en$ life tables (see annex XI) and the United 

* William Brass, Methods for Estimatin Fertility and Morrdiy from 
Limited and Lkfetiw O a  (Chapel Hilf North Carolina. Carolina 
Population Center, Laboratories for Population Studies, 1975). 

Ansley J. Coale and Paul,Demeny, Regional Model Lifc TpbIes and 
Stcrble P o p h ~ i o ~ u  (Princeton, New Jersey, Princeton Un~vers~ty Press, 
1966). 

Nations model patterns for developing countries4 (see 
chapter I, subsection B.5). In using these models, it is 
helpful to remember that the general standard has. a 
pattern very similar to that of the West model in the 
Coale-Demeny set, and that the logit transformations of 
life tables at different levels within the same family of 
Coale-Demeny models have an approximately linear 
relationship to one another, but that linearity is not 
maintained when the logit transformations of life tables 
from different families are compared. 

2. lh ta  required 
The data listed below are required for this method: 
(a) A set of I ( x )  values, estimated either directly from 

observed data or by using any of the procedures 
described in this Manual. Values at five-year intervals 
(5, 10, 15, 20 and so on) are sufficient, but the complete 
range from 0 to 80 or 85 need not be covered; 

(b) A standard life table, which may be selected from 
the Coale-Demeny models, the United Nations models 
for developing countries, the general standard or any 
reliable life table thought to approximate the pattern of 
mortality in the population being studied. 

3. Computational procedure 
The steps of the computational procedure are 

described below. 
Step I: calculation of logit transformation of the estima- 

ted survivorship probabilities. If one denotes by X(x ) the 
logit transformation of the survivorship probabilities, 
1 (x ), then 

Step 2: plot of logit transformation of the estimated life 
table against logit transformation of the standard. The logit 
transformations of the l(x) values for the life table of 
the population under study should be plotted against 
those of the standard. If the relationship is linear (or 
approximately so, with no systematic deviations), then 
the parameter values a and /3 can be estimated. If sys- 
tematic distortions are evident, a different standard 
should be employed, though departures from linearity 
may arise from errors in the observed I (x) values rather 
than from the use of an unsuitable standard. 

Step 3: estimation ofpameter values. If the plot in 
step 2 reveals a nearly linear relationship, then estimates 
of the parameter values, a and /3, the constant term and 
the slope of the line representing this relationship, may 
be obtained by almost any line-fitting procedure: either 
by least squares; or by the procedures described in 
chapter V, subsection C.3. If certain groups of l(x) 
values are thought to be more reliable than others, then 
only those values should be used in fitting a line, as is 
illustrated in the detailed example given below. 

' Mo&l L e Tcrbles or Lkv~IOping Cowu"es (IJnited Nations putlli- %( 4 cation, Sales o. E.81. 111.7). 



Step 4: mqutation q f~hcdI i f e - t ab l e  dues .  Once where A,,@) denotes the logit transformation of the 
estimates of the parameters a and B are available, the standard life table at age x. Note that l(0) and I(@), 
smoothed life-table values, 1 *(x), are obtained as where o is the highest age that may be attained, cannot 

be calculated by using quation (B.2); instead, the radix 
of the life table, I(O), is set qua1 to one, and I(@) is set 

I *(x ) = (I .O +exp (2a +2BA, (x )))-I (B.2) equal to zero. 

TABLE 135. CHILDHOOD SURVIVORSHIP PROBAB~LITIES FOR FEMALES, WIMATED USING TRUSSELL COEFFICIENTS WITH 
DATACLASSIFIED BY AGE AND BY MARRIAGE DURATION OF MOTHER. PANAM& 1976 

The case of female mortality in Panama is considered 
in this example. In chapters 111 and IV, the data gath- 
ered by the Demographic Survey of Panama in 1976 
were used to estimate female child and adult survivor- 
ship. Table 135 shows estimates of female l(z) values 
for childhood ages obtained both from data classified by 
age of mother (see chapter 111, subsection B.3) and from 
those classified according to the duration of mother's 
first marriage (see chapter 111, subsection C.3). Each 
l(z) value presented in table 135 is accompanied by the 
mortality level it implies in the West family of Coale- 
Dcmeny life tables and by its reference period, both 
estimated as described in chapter 111. 

Table 136 shows a set of l(x) values for females 
estimated from data on the widowhood status of male 
respondents classified by duration of mamage. Again, 
each of the estimates presented is accompanied by the 
mortality level it implies in the West models and by its 
time reference period (see chapter IV, subsection C.3 
(c)(iii)). As these tables indicate, the two distinct sets of 
estimates, those refemng to childhood and those refer- 
ring to adult ages, cover only the age range from 2 to 40. 
Furthermore. since different estimates refer to different 

from this partial information on survivotship probabili- 
ties a complete life table referring to the recent past. 

The steps of the computational procedure are 
described below. 

Step 1: calcddion of logit t m f m . o n  of the 
estimated survivwship probabilities. Equation (B.l) is 
used to calculate the logit transformation of each sur- 
vivorship probability, I(x ), given in tables 135 and 136. 
The resulting A(x) values are shown in table 137. As an 
example, the logit transformation of l(30) is shown 
below: 

Column (2) of table 137 gives the logit transforma- 
tions of the l,(x) probabilities corresponding to the stan- 
dard used. In this case, the general standard has been 
selected as an adequate representation of the pattern of 
mortality prevalent in the population under study; 
therefore, the A, (x ) values listed in table 137 have been 
copied from table 2 (see chapter I). 

TABLE 137. LOOIT T~UNSFORMA~ON OF THE ESTIMATED AND STANDARD 

time periods, it is clear that for a given period, say from SURVIVORSHIP ~ O B A B I L ~ ~ .  PANAMA, 1976 
1970 to 1975, no complete set of l(x) estimates is avail- oaml l ~and r r l  

able covering that age range. Hence, it is necessary to $ r r c . r ~  k,rx) rrr*r* WX) "iziz' WX) 
employ the procedure described in this section to derive (1) (2) (3) 14) 

2.. ........................ -0.7152 -1.7178 - 1.5393' 
TABLE 136. FEMALE SURVIVORSHIP PROBABILITI~S E ~ M A T E D  FROM 3 .......................... -0.6552 

DATA ON THE WIDOWHOOD STATUS OF MALE RESPONDENTS CWSSIFIED 5 .......................... -0.6015 
BY DURATION OF MARRIAGE, PANAMA, 1976 .......................... 10 -0.5498 

W-W ~lbc 15 ......................... -0.5131 
f 
(1) 

.......................... -ry 
(2) 

try 
(3) 

?zr 
(4) 

20 -0.4551 
.......................... ........................ 0.9365 20.2 1975.6 25 20.. -0.3829 
........................ 25.. ........................ 0.9 160 19.6 1973.3 30" -0.3150 

.......................... 30.. ........................ 0.8955 19.2 1971.1 35 -0.24% 

.......................... 35 .......................... 0.8744 18.9 1968.9 40 -0.1816 -0.8638' ... 
40.. ........................ 0.849 1 18.6 1967'0 

Values used in fitting procedure. 



Step 2: plot of logit tranrfmion of the estimated life 
table agaimt logit tranrfomation of the standard. The 
points defined by each pair of values [& (x ), A(x )] are 
plotted in figure 16. Note that because of the nature of 
the data used in deriving the different I(x) estimates, at 
least three different sets of points have been identified in 
the plot. The points corresponding to the two sets of 
child mortality estimates cluster, in general, to the bot- 
tom left of the graph. They are similar, but the desirable 
degree of coincidence between one set and the other is 
not achieved. Notably deviant points are those associ- 
ated with the l(2) estimate obtained from data classified 
by duration and with the I(x) estimates for ages 15 and 
20 (even the point associated with l(10) of the age-based 
estimates is somewhat out of line with the rest). The 
estimates derived from widowhood data, on the other 
hand, cluster near the upper right-hand side of the 
graph. They display a fairly linear trend, but the point 
associated with 1(20), and even perhaps that associated 
with 1(25), would have to be disregarded in order for the 
widowhood-based estimates to be considered a con- 
tinuation of a straight line defined by the points derived 
from child survivorship probabilities. 

A rapid appraisal of the West mortality levels associ- 
ated with each estimate and of their respective reference 
dates suggests that most of the deviant points among the 

Figwe 16. Plot of tbe logit tnndomation of the estimated fem8k nu- 
vivmldp pmbabUltkr, I(x), against those of the general standard, 
Panama, 1976 

8 Agcboaod childhood oatinutrr 
Duntkn.booad rridorrhood ratlnutoe 
Moon polntr 

childhood estimates are associated with periods preced- 
ing 1970 or following 1975, and that they usually 
correspond to mortality levels (in the Coale-Demeny set) 
substantially lower or higher than the rest. Deviant 
points in the case of the widowhood-based estimates are 
associated with the most recent dates (after 1975) and 
cornspond to fairly high mortality levels. On the basis 
of these observations, the points indicated by footnote a 
in table 137 are chosen as the most reliable indicators of 
child and adult mortality during, roughly, the period 
1969- 1975. 

Step 3: estimarion of parameter values. Having selected 
the most reliable set of points representing survivorship 
probabilities for childhood and adult ages, a line is fitted 
to them by using group means (see chapter V, subsection 
C.3). Means must be obtained both for the logit 
transformations of the estimated survivorship probabili- 
ties and for those of the standard. If one denotes 
the means of the former values by 8(2,3,3,5,5, 10) 
and 8(25,30,35,40), and those of the latter by 
8,(2,3,3,5,5, 10) and 8,(25,30,35,40), then the line 
passing through the points defined by these mean values 
satisfies the following two equations: 

and 

Hence, an estimate of the parameter /3 is given by 

and parameter a is then found by substituting the 
estimated value of /? into either equation (B.3) or 
equation (B.4) as follows: 

Step 4: computation ofsmoothed life-table values. Once 
best estimates of a and /3 have been calculated, the full 
set of estimated smoothed life-table survivorship proba- 
bilities, I *(x), shown in column (3) of table 138, can be 
obtained by using equation (B.2). For example, 1 *(20) 
is calculated as 



It should be stated that this procedure may not be robust 
to different choices of groups in fitting a line to the logit 
points. For example, if instead of choosing as the point 
representative of childhood mortality the mean of those 
associated with the age-based 1(2), l(3) and 1(5), and 
with the duration-based 1(3), l(5) and 1(10), just the 
mean of the three duration-based estimates had been 
used, /3* would have been 1.0934 instead of its previous 
value of 1.0573. Similarly, a* would have been slightly 
higher, with an estimated value of -0.7170. Hence, 
unless one is fairly certain that a particular group as a 
whole is correct, other combinations should be tried in 
order to assess the sensitivity of the final life table to 
alternative choices. In this case, however, most of the 
reasonable choices produce fairly similar life tables. 

TABLE 138. ESTIMATED SMOOTHED LIFE-TABLE SURVIVORSHIP PROBk 
BILITIES FOR FEMALES OBTAINED BY USE OF DIFFERENT SMOOTHI?'IG 
AND LINKAGE METHODS. PANAMA. 1976 

C. LINKAGE OF CHILD SURVIVORSHIP PROBABILITIES 
WITH CONDITIONAL ADULT SURVIVORSH~P 
PROBABl LIT1 ES 

1. h i s  of method and its rationale 
As stated in chapter IV, orphanhood or widowhood 

data properly reflect only adult mortality experience. 
Hence, one should be able to obtain better estimates of 
conditional survivorship probabilities (for example, 
1 (35)/1(20)) than for unconditional 1 (x ) values. 
Nevertheless, one is most often interested in the uncon- 
ditional probabilities, since they define a conventional 
life table. It is useful, therefore, to have some procedure 
for linking conditional probabilities of adult survivor- 
ship, of the form l(x)/lCy), with other information 
about survivorship, particularly that in childhood. Not 
only would such a procedure make possible the deriva- 
tion of a complete life table, but it would also incor- 
porate some element of smoothing over the range of sur- 
vivorship estimates available. 

If a number of survivorship probabilities of the type 
1 (x)/l Cy ) are available for different values of x , but for 
a fixed value of y ,  all that is needed in order to obtain 
estimates of I(x) is an estimate of 10.). Information 
about child survivorship-say, an estimate of the proba- 
bility of surviving from birth to age 2.1 (2)-can then be 
coupled with a system of model life tables to estimate a 
value of I@), which can in turn be multiplied by the 

adult survivorship probabilities to obtain l(x). The logit 
system provides a convenient basis for such a procedure, 
and an iterative process that also introduces a powerful 
smoothing component is described below. An alterna- 
tive procedure using the Coale-Demeny model life 
tables is also presented below (in subsection C.3). 

2. Linkage method using a logit life-table system 

(a) M a  required 
The data required for use of the first linkage method, 

that utilizing a logit life-table system, are listed below: 
(a) Conditional probabilities of adult survivorship, 

usually in the form of l(x)/lCy) ratios estimated by 
using the widowhood or orphanhood methods described 
in chapter IV; 

(b) ~n estimate of child survivorship. Survivorship 
probabilities I(z ) for childhood ages can be estimated by 
using the methods described in chapter 111; 

( c )  A standard model life table. The general stand- 
ard, one of the Coale-Demeny models or of the United 
Nations new models, or any other reliable life table 
thought to approximate the mortality experience of the 
population in question may be used as standard. 

(b) Computational procedure 
In the two-parameter logit life-table system, any pair 

of survivorship probabilities, one from birth and another 
conditional on attaining a certain age, uniquely deter- 
mine values of the parameters a and /I defining a life 
table in the system. However, because one of the proba- 
bilities is conditional, the values of these parameters 
have to be estimated iteratively, as there is no way of 
solving for them algebraically. The procedure described 
here provides a way of finding satisfactory values of a 
and /3 when a number of conditional survivorship 
probabilities, all refemng to the same population, are 
available, without having to find parameter values for 
each one, a process that would be tedious without a 
computer. The steps of the computational procedure 
are described below. 

Step I :  initial estimate of parameter a. Given an esti- 
mate of I(z) for children, such as l(2) or the average of a 
group of estimates, the initial estimate of parameter a is 
obtained as 

under the assumption that PI = 1.0. 
S~cp 2: initial estimate of survivorship probobiliry appear- 

ing ns &nommrnator. Given the value of a, estimated in 
step 1 and continuing to assume that = 1.0. a first esti- 
mate of this survivorship probability, 10.). denoted by 
Il(y), is obtained from equation (B.2): 

Step 3: initial estimates of survivorship probabilities from 
birth. The initial approximation to I@). l,(y), is now 
used to calculate initial estimates of the survivorship 



probabilities from birth, i(x), for each value of x from 
tbe obmed ratios i(x)NCy): 

Strp 4: d j i d  estimate ofpameter /3. If one denotes 
by Al(x) the logit transformation of ll(x), each pair of 
points [A,@), A(z)] and [As(x), hl(x)] determines param- 
eters a and /3 with respect to the standard being used. 
The main interest at present is in parameter 4, which 
can be found as 

A single estimate of & can then be obtained by averag- 
ing the &(x) values. It is often the case that the values 
of &(x) vaxy sharply with x,  and it may be decided that 
a best estimate of & can be obtained by averaging the 
&(x) values after excluding obvious outliers, such as the 
highest and lowest values. 

Step 5: a scad estimate of pameter a. A second esti- 
mate of a, denoted by a?, is obtained by repeating step 
1, but now using the estimate of & obtained in step 4 
instead of the first assumed value of = 1.0. Thus, 

a2= X(r)-&h,(z). (C-3) 

Step 6: sccosd csthwie of suM'vlwship probability used m 
&ntunimtw. The new value of a, denoted by a% and 
the second approximation to 8, denoted by &, arc now 
used to obtain a revised value of I@), denoted by 120,), 
as follows: 

Step 7 and tmud@her iteration. The iterative pro- 
cedure continues, by repeating step 3 to obtain a second 
set of estimates of I@), then repeating step 4 to find a 
rev id  estimate of /3, then recstimating a in step 5 and 
I@) in step 6 with the new a and /3 values, and so on, 
until the first two or three decimal places of the estimate 
of /3 no longer change with continued iteration. This 
unchanging value of 8, denoted by B+, and the value of 
a* it implies (calculated by using equation (C.3)) arc 
then accepted as best estimates of the parameters 
defining a life table consistent with the available sur- 
vivorship probabilities in the logit system being used. 

With practice, the iterative process does not take long; 
four or five iterations are usually sufficient for the /3 esti- 
mate to converge. A slight shortcut can also be taken, 
since 8+, the unchanging estimate of /3, is always further 
away, generally about half as far again, from the first 
assumed value of 1.0 than is the fipt estimate obtained. 
Thus, as an approximation, 

Then, instead of substituting the value of & in step 5, a 

more rapid convergence can be achieved by substituting 
& instead. Thereafter, however, no short-cuts can be 
taken. 

(c) A &tailed example 
Table 139 shows conditional survivorship probabili- 

ties for the female population of Panama derived from 
data on the widowhood status of male respondents 
classified by age (see chapter IV, subsection B.3 (c) (iii)). 
Given the age-based estimates of childhood mortality 
shown in table 135, the way in which a full life table 
may be constructed is illustrated below. 

TABLE 139. ESTIMATED CONDITIONAL FBMALE SURVIVORSHIP PROM- 
5 l L l T l ~  1(x)/1@0), AND CORRESPONDIN0 MORTALITY LEVELS IN TiiE 
WE?T FAMILY OF MODEL LIFE TABLES. PANAMA. 1976 

Step 1: initial estimate of puammeter a. The life table 
used as standard is, once more, the general standard 
presented in table 2 in chapter I. In the first iteration, an 
estimate of a is obtained by assuming that /3, = 1 .O. If 
one assumes that the estimates of 1 (2), l(3) and l(5) are 
reasonably accurate, then a1 can be estimated as 

where e(2.3.5) denotes, as usual, the mean of the logit 
transformations of 1 (2), l(3) and 1 (S), that is, the mean 
of A(2), h(3) and A(5) in this case. 

Step 2: initid estimate o fme~h ipp&i i ty  qppca7- 
ing m &-M~W. In this case, the survivorship ratios 
being used have as denominator the value of 1(20), so 
y = 20. A first estimate'of l(20) is obtained by setting 

= 1 .O, and using the a estimate from step 1 : 

Step 3: initial estimates of surviwship probabilities fiom 
birth Each value of l(x)/l(20) is multiplied by 11(20) in 
order to obtain first estimates of l(x). The results are 
shown in table 140. The value for x = 40 is obtained as 

Step 4: d $ e d  estimate of parameter 8. Each estimate 
of ll(x), in combination with the pooled estimates of 
1 (2), l(3) and 1(5), implies a value of P which is equal to 
the ratio of the difference in the observed logit transfor- 



TABLE 140. 1TEMnON PROCESTO ESTIMATETHEa ANDB PAMMETERS DEFlNlNO A LIFE TABLE FOR FEMALES IN THE WQIT S Y m M  
OENEMTEO BY THE OENERAL STANDARD. PANAMA. 1976 

AVEMOE 

matiolis of the I(x) estimates and the difference in those 
of the standard (see equation (C.2)). The logit transfor- 
mations of the ll(x) values and the values of &(x) 
implied by each are shown in table 140. As an example, 
for x = 40, 

and since A,(40) is -0.1816, €42, 3, 5) is -1.4105, and 
the equivalent value for the standard, 8,(2, 3, 5), is 
-0.6573, then 

Step 7 md on& jEvrkr iteration. Table 140 shows 
the intermediate results obtained during the first six 
iterations. The value of /3 is clearly converging towards 
0.69, so this value can be adopted as an estimate of /?P. 
The value of a corresponding to /?P is then calculated 
using equation (C.3), which in this case yields a value of 
-0.957 for a*. 

Rnal step: cdculation of Jarcd lge tab&. Once final 
estimates of a and /3 have been amved at, the estimated 
l*(x) function of the fitted life table can be calculated 
using equation (B.2); and, as usual, the other functions 
of the life table can then be derived from it. For exam- 
ple, for age 40, 

The values of &(x) are fairly consistent, except for = 0.8970. 
&(45). However, it is not sufliciently deviant to warrant 
its exclusion. Therefore, & is estimated as the average The resulting values are shown in column (4) of 
of all &(x ) values, that is, 0.823. table 138. 

Step 5: a 9ocond estimate ofpmmrter a. Step 1 is now 
repeated, but using the estimate of & = 0.823 instead of 
1.0. Thus, 

a2 = 8(2,3,5) -&8, (2,3,5) 

Srcp 6: summi estimfe of swrfwrship swrfvonhiplity to age 
20. Step 2 is now repeated, but using the new values of 
az(-0.8695) and A(0.823) obtained after the first com- 
plete ikration. Thus, 

(d) Gmment on the &tailed exmyle 
There are several points to note in this detailed exam- 

ple. First, the final a* and /?P estimates are very far 
from the neutral values of 0.0 and 1.0, respectively, for 
the standard being used, suggesting that another stand- 
ard might have been a better model of the estimates of 
survivorship being linked in this example. Secondly, the 
consistency of the B, (x) estimates with age becomes less 
and less satisfactory as the iteration proceeds, so that the 
initial range (from 0.7% to 0.879) widens greatly by 
iteration six (from 0.604 to 0.813). This is a further indi- 
cation that the standard used may not be suitable. In 
this regard, it must be noted that no allowance has k e n  
made for the fact that different survivorship estimates 
refer to different periods. It is possible that the pattern 
of the standard used may not represent adequately the 



various mortality levels that have prevailed in the past. 
Thirdly, it will be seen that in this case six iterations 
were needed for /I to converge; use of the proposed 
short-cut would have reduced the number somewhat. It 
may be pointed out in passing that the selection of 
4, = 1.0 as the beginning value of has no impact on 
the final estimates to which the procedure converges. 

The life table shown in column (4) of table 138 
and implied by the values of a* and /P just estimated is 
moderately similar at earlier ages to the life table given 
in column (3) of the same table (generated by the 
smoothing and interpolation method presented in sub- 
section B.3), but the two tables become increasingly 
different as age advances. The survivorship probabili- 
ties shown in column (4), generated by this linkage 
method, are always higher than those in column (3), 
generated by the smoothing and interpolation method, 
and become increasingly higher at older ages. Although 
it may not be immediately evident, the observed 
differences in the final life-table estimates are due in part 
to differences in the original survivorship estimates 
themselves and do not a r k  entirely from the smoothing 
and linking techniques used. It should also be pointed 
out that the l(x) values given in column (4) of table 138 
cannot be believed. It cannot be accepted that 55 per 
cent of women in Panama will actually reach age 80, 
and the mortality rates for advanced ages implied by the 
l(x) function are unacceptably low. In this case, the 
errom in the data are such that a less flexible smoothing 
p d u r e  than that based on the logit system is 
required. This example should serve as a warning that 
alternative estimation methods, even if they employ the 
same data (in this case the proportions of male respon- 
dents with surviving Arst wives), do not always yield the 

.same results. Because general rules about the reliability 
of the results yielded by these methods cannot be given, 
it is recommended that as many techniques as possible 
be applied to a particular data set, so that decisions 
about the validity of the results can be based on a 
thorough appraisal. 

3. Usc of W e - l h e n y  model lifc tddes 

In a one-parameter model life-table system such as 
that proposed by Coale and Demeny? any survivorship 
probability, whether from birth or conditional on having 
reached a certain age, uniquely determines a. life table 
withii the system, once a family of models has been 
selected. Thus, each child survivorship probability from 
birth, l(z), implies a life table, as does each conditional 
survivorship probability of the type l(x)/l(y) (see 
chapters I11 and IV for descriptions of the procedure fol- 
lowed in determining these life tables). The information 
for the two distinct age ranges can be linked together by 

opting the life table implied by the average level of 
th child mortality estimates up to age y (which can be 4 
regarded as the pivotal age) and then completing the life 
table over age y by applying the conditional probabili- 

tics of survivorship from age y consistent with the 
average level implied by the adult survivorship esti- 
mates. 

The procedure can be illustrated by using again the 
data referring to Panamanian females. Table 135 shows 
female probabilities of surviving, l(z), from birth to ages 
2, 3 and 5, obtained from information on female chil- 
dren ever born and surviving classified by age of mother. 
Each l ( x )  value implies a mortality level in a family of 
Coale-Demeny model life tables; column (6) shows the 
levels implied in the West family. The average female 
child mortality level is 19.5. The conditional female 
adult S U N ~ V O ~ S ~ ~ ~  probabilities estimated from data on 
the widowhood status of male respondents classified by 
duration also imply mortality levels, as is shown in table 
139; the average mortality level is 21.1. The data there- 
fore suggest that, for females, and ignoring timing effects, 
child mortality in Panama is approximated by level 19.5 
in the West family of model life tables for females, 
whereas adult mortality is approxihated by level 2 1 : 1. A 
composite life table is then constructed by adopting a 
level 19.5 life table for females up to age 20, calculated 
by averaging the 1 (x ) functions of the life tables of levels 
19 and 20 shown in table 236 (see annex VIII), from 
which age onward the life table is completed by applying 
survivorship probabilities from age 20 taken from a level 
2 1.1 life table for females. The latter value can be calcu- 
lated up to age 60 by weighting the values of l(n)/l(20) 
for levels 21 and 22 in table 222 (see annex VII), those 
for level 22 being weighted by 0.1 and those for level 2 1 
by 0.9 (that is, linear interpolation is used). The ,,q, 
values of the resultant life table would show some irregu- 
larity around the pivotal age, but the quantitative impor- 
tance of any discontinuity would be negligible. The final 
l*(x) values of the life table estimated in this manner are 
shown in column (5) of table 138. 

In comparing these lC(x) estimates with those shown 
in column (4), it is remarkable that the latter values are 
quite different, especially at older ages. Since these two 
l(x) functions have been fitted to exactly the same sur- 
vivorship probabilities, the differences observed can 
only be ascribed to differences in the procedures used 
and in the models underlying them. Because the mor- 
tality pattern of the general standard is fairly similar to 
that of the West family of Coale-Demeny models, the 
choice of standard is unlikely to be the cause of the 
differences observed. It seems more likely that these 
divergences have arisen because the procedure based on 
the Coale-Demeny models introduces a more powerful 
smoothing component than does the one based on the 
logit system. Indeed, if one considers the West mortality 
levels associated with each of the conditional probabili- 
ties of survival presented in table 139, it is immediately 
evident that they cover a fairly wide range of levels. It is 
not surprising therefore that the shape of the general 
standard has to be twisted considerably in order to 
approximate them all at the same time (thus, the 
estimated is substantially lower than one). In fitting 
Coale-Demeny life tables no such twisting is involved, 
since a single level (2 1.1 in this case) is used to represent 



adult mortality in general. In this instance, the therefore, helps to underscore the fact that these 
smoothed life table obtained by using the Coale- methods of fitting cannot be used mechanically. The 
Demeny system is much more plausible than tha: user must be well aware of the nature and significance of 
obtained by using the logit system, which, being more the data at hand in order to establish which elements are 
flexible, incorporates data distortions as well as the truly compatible and merit being used as input for the 
actual underlying mortality pattern. This example, fitting procedures described here. 



FERTILITY AND MORTALITY ESTIMATION USING 
MODEL STABLE AGE DISTRIBUTIONS 

A. BACKGROUND OF METHODS 

1. Gcnerdprinci@es underlying the use of 
model stable populat~onr for estimation purposes 

Lotkai proved that the age distribution of any popula- 
tion that is subject, for a sufficiently long time, to con- 
stant fertility and mortality becomes fixed. He called 
this end-product of constant demographic conditions a 
"stable population", characterized both by an unchang- 
ing age distribution and by a fixed annual rate of natural 
increase. 

The age distribution of a stable population is jointly 
determined by the mortality schedule (that is, by the life 
table) to which the population has been subject and by 
its annual rate of growth. In chapter I, section C, the 
equation defining the density function determining the 
age distribution of a stable population was presented. It 
has the form 

where c(x) is the infinitesimal proportion of the stable 
population at exact age x ; b is the constant birth rate; r 
is the constant rate of natural increase; and I(x) is the 
probability of surviving from birth to age x (that is, it is 
the usual life table function with an l(0) radix of 1.0). 

The usefulness of model stable populations in estimat- 
ing the parameters determining the growth and structure 
of actual populations derives from three considerations. 
First, it has been found that for a population in which 
fertility has been approximately constant and in which 
mortality has recently undergone a steady reduction, the 
age distribution closely resembles that of a stable popu- 
lation generated by equation (A.l), with l(x) being the 
probability of survival to age x in the current life table 
and r being the current rate of increase. Secondly, these 
conditions (the recent course of fertility approximately 
constant and mortality either approximately constant or 
recently declining) are, or have until recently been, 
characteristic of the population of many developing 
countries. Thirdly, the availability of fairly flexible sets 
of model stable populations, such as those generated on 
the basis of the ~ o a l e - ~ e m e n q  life tables with a range 

l~ l fred J. Lotka and F. R. Sharpe, "A problem in a e distri- 
bution'', Philosophicul Mugazine, vol. 2 I .  N o  I24 (April lh ;). pp. 
435-438. 

Andey J. Code and Paul Demeny. Regional Model Lifc Tables and 
St& Popu/utiom (Princeton, New Jersey. Princeton Un~venity Press. 
1 %6). 

of growth rates, makes it possible to identify with rela- 
tive ease a stable age distribution approximating a 
reported age distribution in an actual application. The 
underlying characteristics of the stable population can 
then be adopted as estimates of the demographic param- 
eters of the population being studied. 

Useful estimates can be made by selecting a model 
stable population matching two characteristics, 
presumed to have been accurately recorded .or 
estimated, of the reported population. In the Coale- 
Demeny system, a model stable population within each 
family is fully determined by the level of mortality and 
the growth rate; thus, two parameters are sufficient to 
identify a stable population within a given family. For 
example, the reported proportion under any given age, 
in conjunction with any one of the following 
parameters-an estimated 1 (x) for any age x ,  the rate of 
increase or the population death rate-uniquely deter- 
mines a model stable population, provided that a 
specific pattern of mortality has been deemed an 
appropriate representation of that experienced in reality. 

When a model stable population has been identified, 
selected characteristics of the stable population serve as 
estimates of the corresponding characteristics of the 
population in question. For example, the birth rate in a 
given pppulation can be estimated by identifying a 
model stable population in which the probability of sur- 
viving from'birth to age 5, 1(5), and the proportion 
under age I5 are the same as those in the given popula- 
tion. The birth rate in the stable population is then 
taken as an estimate of the actual birth rate. 

The value of estimates based on fitting model stable 
populations is limited by a number of practical con- 
siderations. First, no actual population is genuinely 
stable. Fertility may vary as a result of recent trends or 
because of special past episodes, such as wars or epi- 
demics. Age-selective and sex-selective migration can 
affect both the rate of growth and the age distribution of 
the population, and the recent mortality declines 
observed in many countries produce age distributions 
that do not conform exactly to those predicted by the 
equation defining a stable population. Secondly, the 
characteristics of the population being studied that are 
available to identify a model stable population are often 
imprecisely recorded (the age distribution is distorted by 
differential omission by age, or the intercensal rate of 
increase calculated from census counts at two points in 
time is biased because of differential completeness of 
coverage between the two censuses). Lastly, the esti- 



mates of a certain parameter (the birth rate, for exam- 
ple) obtained by using different sets of model stable 
populations (such as those generated by the different 
mortality families of the Coale-Demeny set) may be 
quite different. In most cases, there is uncertainty about 
which mortality pattern approximates most closely that 
experienced by a given population; and since the 
number of model families is limited, there is no guaran- 
tee that they cover all possible experience, so the accu- 
racy of the estimates obtained may often be question- 
able. In this respect, it is appropriate to mention that the 
availability of the United Nations model life tables for 
developing countries,' in conjunction with stable popu- 
lations generated by them: will substantially enhance 
the estimation capabilities by expanding the spectrum of 
models from which one can choose. 

Ideally, the estimates derived by fitting a model stable 
population to a reported age distribution should be 
insensitive to the practical difficulties mentioned above. 
Therefore, they should not be much affected by the 
deviations from stability most commonly encountered in 
practice. To achieve this end, the fitted stable popula- 
tion should be identified on the basis of parameters for 
which estimates are least likely to be biased by the usual 
data flaws (such as age-misreporting) and which should 
assume much the same values whichever set of model 
stable populations is employed to derive them. (In this 
chapter, only stable populations based on the four 
Coale-Demeny families are used, so this last desirable 

' M o d  ti l Tables or lkvcloping Countries (United Nations publi- 
cation, Sales 4 o. E.81. 4 111.7). 
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feature will at most be satisfied with respact to variations 
between these four models.) 

Experience has shown that the most efficient use of 
stable populations requires the identification not of one 
single stable population from which all parameters are 
derived, but rather of a number of stable populations 
identified by using different pairs of reported values and 
applied to estimate different sets of underlying parame- 
ters. For example, it is often the case that the best esti- 
mate of fertility in the population under review (meas- 
ured as the birth rate or as total fertility) may be 
obtained by selecting the model stable population that 
matches the value of Z(5) and the proportion of the 
population of both sexes under age 15; while in order to 
estimate mortality levels over age 5, a model stable 
population should be fitted on the basis of the estimated 
growth rate and the proportion of the population under 
age 15. Surprisingly enough, some of the estimates 
derived from a model stable population by using the first 
of these strategies are quite accurate even when the 
population in question is very far from being stable. As 
examples, table 141 shows the estimated birth rates 
obtained by fitting a stable population, on the basis of 
the reported proportion under age 15 for both sexes 
combined, Z(5) and the growth rate, to populations that, 
as in the case of Sweden, cannot be considered even 
remotely stable since they have experienced substantial 
declines both in fertility and in mortality. For com- 
parison, table 141 also displays estimates of the birth 
rate derived from registered births (in all the countries 
considered, birth registration is virtually complete). The 
coincidence between the two sets of estimates is reassur- 
ing. 

2. Ogmmuzation of this chapter 
Essentially, only two methods of estimation using 

TABLE 141. ESTIMATION OF AVERAGE BIRTH RATE OVER THE 15-YEAR PERIOD PRECEDING ENUMERATION 
FROM THE PROPORtlON OF THE POPULATION UNDER AGE 15. C(I5). THE PROBABILITY OF SURVIVING TO 
AGE 5. I($). AND THE CONSTANT R A ~  OF NATURAL INCREASE. r . FOR SELECTED NON-STABLE POPULA~ONS 

A ~ w m I r M I l g I h e  
I J ~ ~ ~ m  

lnumnrd 

P2 J-ol 
"%mznkw - * mA2F "r;;" 5- (3) (4) (5) 

(a) Swviwrship pmbability estimated from &a on chilokn 
e w  borrp M d d v i n g  for nvmen aged 30-34 

..................... Belgium 1961-1970 Dec. 1970 0.0 163 0.0167 
Bulgaria ..................... 1956-1965 Dec. 1965 0.0184 0.0 180 

................. C~sta Rica 1963-1973 Mar. 1973 0.0406 0.04 17 
Poland ........................ 1960-1970 Dec. 1970 0.0202 0.0 199 
Y ugdavia ................. 1961-1971 Mar. 1971 0.02 15 0.02 13 

(b) Surviwnhip probability obtained from published life tables cornsponding to 
about 7.5 yrars befom enumeration 

............... Hong Kong 1960-1971 Mar. 1971 0.0302 0.0295 
Japan ......................... 1950-1%5 Oct. 1965 0.0 190 0.01% 

............... Netherlands 1918.1922- 
, 1933-1937 1933-1937 0.0235 0.0238 

Sweden ...................... 1798- 1802- 
1833- 1837 1813-1817 0.03 19 0.03 13 

Sweden ...................... 1918-1922: 
1933-1937 1933-1937 0.0167 0.0167 

Sweden ...................... 194-1965 1965 0.0148 0.0 1 50 



model stable populations are presented in this chapter. 
Experience has shown that these variants of the more 
general procedures described in a United Nations 
manual5 are more likely to yield acceptable parameter 
estimates in populations that are not truly stable 
(because of recent changes in mortality) or whose basic 
data are distorted by reporting errors. Model stable 
populations can also be used to assass the extent of such 
errors and to identify typical distortion patterns in 

reported age distributions; and because it is important to 
explore the quality of the available data before any esti- 
mation method is applied, one of the sections that fol- 
lows is devoted to the description of a simple procedure 
that allows the assessment of age distributions. To guide 
the reader in the use of this chapter, the contents of the 
sections are briefly described below (table 142 presents 
the data requirements of, and the parameters estimated 
by, the methods suggested): 

TABLE 142. SCHEMATIC GUIDE TO CONT ENfS OF CHAFTER VII 

*PI011 

B. Evaluation of 
age distribu- 
tions 

C. Estimation of 
fertility from 
the propor- 
tion of the 
population 
under age I5 
and the prob- 
ability of sur- 
viving to age 
5 

D. Estimation of 
the expecta- 
tion of life at 
age 5 and of 
the death rate 
over age 5 
from the pro- 
portion under 
age I5 and 
the rate of in- 
crease 

W 6 W h  
Population classified by five-year age 

group and by sex 

Population classified by five-year age 
group (and by sex, if available) 

An estimate of 1(5), the probability of 
surviving from birth to age 5, for 
both sexes and referring to the mid- 
dle of the 15-year period preceding 
enumeration 

m-P-'--J 
Assessment of data quality, with par- 

ticular emphasis on age-reporting 

Average birth rate over the 15-year 
period preceding enumeration 

Average total fertility during the same 
period 

Average gross reproduction rate dur- 
ing the same period 

Population classified by five-year age Adjusted estimate of the birth rate 
group 

An estimate of the growth rate for the 
15-year period preceding enumera- 
tion 

An estimate of l(5) for both sexes. 
referring roughly to the mid-point of 
the 15-year period precedihg enu- 
meration 

Population classified by five-year age Expectation of life over age 5 
group and by sex Death rate over age 5 

An estimate of the rate of natural in- A life table over age 5 
crease for the period preceding 
enumeration (usually obtained from 
census counts at two points in time) 

Section B. Evaluation of age distributions. This section 
presents a simple procedure for assessing the quality of a 
reported age distribution and its similarity to that of a 
truly stable population; 

Section C. Estimation of fertility from the proportion of 
the population under age 15 and the probability of surviving 
to age 5. This section presents a method that allows the 
estimation of the birth rate and of total fertility by fitting 
a stable population on the basis of the reported propor- 
tion under age 15 for both sexes, denoted by C(15), and 
an estimate of 1(5), the probability of surviving from 
birth to age 5, also for both sexes; 

Secrion D. Estimation of the expectation of life at age 5 
and of the death rate over age 5 from the proportion u d r  

Manual IY: Methocir o Ertimaring Basic Demographic Memures 

E.67.XIII.2). 
J fnun Incomplere Doro ( nited Natlons publicat~on, Sales No. 

age 15 and the rate of increase. This section presents a 
method that allows the estimation of mortality over age 
5 by fitting a stable population on the basis of the 
reported proportion under age 15 for both sexes, C(15), 
and an estimate of the rate of natural increase, r ,  of the 
entire population. 

B. EVALUATION OF AGE DISTRIBUTIONS 

1. h i s  of method and its rationale 
Knowledge of the population classified by age and 

sex, that is, the population age distribution, is generally 
a starting-point in identifying an appropriate model 
stable population. Because of major errors that may be 
present in the recorded age distribution, it is not always 
easy to select a model stable population that best fits the 
underlying true age distribution, even when that distri- 
bution is very close to being genuinely stable. 



There are two main causes of error in age distribu- 
tions: the selective omission of persons of a given age; 
and the misreporting of age of those counted. Very 
often, it is impossible to distinguish the magnitude of 
each of these two types of error, since their effects are 
similar. For example, a deficit of persons in a certain 
age group may be caused by their total omission or by 
their transference to other age groups, or by both factors 
combined. Age-misreporting is generally the most pre- 
valent error in age distributions, but differential cover- 
age by age and sex is also a likely cause of some distor- 
tions for particular age ranges. 

Misclassification of the enumerated population 
according to age is often due to defective age-reporting 
by its members (or to defective estimation of age by 
interviewers). A very common type of age-misreporting 
is known as "age-heaping", which consists of the ten- 
dency on the part of respondents or interviewers to 
"round" the reported age to a slightly different age end- 
ing in some preferred digit. In practice, ages ending 
with zero or five are usually preferred over other endings 
(one or nine, for example), so age distributions by single 
years of age often exhibit peaks at ages 20,25,30 and so 
on, while troughs are associated with ages 29,3 1,39,4 1, 
etc. If, for cultural reasons, some other ages are impor- 
tant to the population in question, they may also attract 
more respondents than would be expected. Thus, it is 

b frequently found that age 12 is more attractive than 
either age 10 or age 15. 

Age-heaping is reduced when age can be ascertained 
by means of a question about date of birth rather than 
about age itself. Respondents are less likely to round 
year of birth than age, although interviewers, when 
assigning ages in cases of uncertainty, may mix the 
rounding of the year of birth with the translation of 
rounded ages into years of birth. In addition, some 
heaping on years of birth ending in preferred digits may 
be expected; and the analyst must bear this possibility in 
mind as its age pattern may not resemble that of conven- 
tional age-heaping. Furthermore, this method of inves- 
tigating age (through date of birth) only performs better 
than a direct question on age if most members of the 
population know their date of birth (an age distribution 
based on dates of birth may exhibit less heaping than 
one based on information about age but be no more 
accurate on an overall basis). In countries where a size- 
able proportion of the population is illiterate and where 
the reckoning of age is traditionally not important, the 
use of a question on age may be equally appropriate, 
since often the respondents will not--or cannot-supply 
a year of birth or even an age, which must therefore be 
estimated by the interviewer. 

When an age distribution by single year of age is 
available, the incidence of age-heaping can be easily 
ascertained by plotting the numbers observed at each 
age. If age-reporting were perfect and there were no 
omission, the age distribution would approximate a 
smooth curve, disturbed only by genuinely large or 
small cohorts resulting from wars or other episodes caus- 
ing sharp fluctuations in the birth rate or in infant mor- 

tality. However, such genuine fluctuations will not recur 
at the same digits in the successive age decades. 

Because most age distributions are more or less 
affected by heaping, the use of data classified by single 
year of age is not recommended for most demographic 
analysis. Rather, cumulated data should be used, since 
cumulation reduces the effects of heaping and other 
forms of age-misreporting. The most common form of 
cumulation is a five-year group, which, though less sen- 
sitive to heaping than a single-year group, is still quite 
affected by transfers into and out of each age group. 
For most countries, a graph of the numbers observed 
within each five-year age group, though less ragged than 
the plot of the age distribution by single years, still exhi- 
bits marked irregularities. 

A better way of reducing the effects of heaping, and of 
age-misreporting in general, is to cumulate from age. 
zero to age x (usually a multiple of five); or, 
equivalently, from age x to the upper age-limit of the 
population, o. Age groups of this type are affected only 
by transfers across their only boundary (age x )  and 
therefore introduce a strong smoothing element. 
Because of their robustness to age-misreporting, this 
type of age group is used when identifying a best fitting 
stable population. 

A simple procedure employing the Coale-Demeny 
model stable populations makes it possible to gain a 
visual impression of how closely the reported age distri- 
bution resembles a stable age distribution; or, con- 
versely, how much it is distorted by misreporting, selec- 
tive omission or genuine differences. The method is 
based on a remarkable feature of stable populations that 
are within the same family (North, South, East or West) 
of the Coale-Demeny model stable populations. Each 
stable age distribution generated by a particular combi- 
nation of a model life table and rate of increase is 
matched very closely by other stable distributions 
formed by life tables with the same overall pattern but 
with quite different levels of mortality, combined with 
different rates of increase. For example, as shown in 
figure 17, the following model stable populations in the 
family of West model stable populations for females are 
very similar: that with an expectation of life at birth of 
35 years and a growth rate of 0.010; that with an expec- 
tation of life at birth of 45 years and a growth rate of 
0.015; and that with an expectation of life at birth of 60 
years and a growth rate of 0.020. In other words, a 
genuinely stable population can be rather closely 
matched (in terms of its proportions in successive five- 
year age groups, and especially in terms of its cumula- 
tive proportions under successive ages five years apart) 
by an appropriately chosen model stable population at 
an arbitrary level of mortality. It follows that, in erder 
to judge the congruence of a reported age distribution 
with that of a stable population, it suffices to compare 
the recorded age distribution with the model stable 
populations generated by a particular mortality level 
(arbitrarily chosen) and different rates of increase. 

Specifically, the procedure recommended is the deter- 
mination of the sequence of birth rates. h ( x  ). for x = 5. 



Figwe 17. Comparison of age distributions of different stable populations, West model 

I___/ Level 17, r = 0.020 

I --- - -- Level 11, r = 0.015 1 
I Level 7, r = 0.010 

10, . . . , 70, 75,80, calculated by finding, through inter- population having an accurately recorded age distribu- 
polation, the model stable populations (at an arbitrarily tion.) 
chosen level of mortality) that have the same pro- 
portions under these ages x as the population in ques- 2. &tareqwqwred 
tion. The only information required is the age distribution 

The diagnostic value of the b(x) sequence arises from of a population by sex. This distribution can be calcu- 
the remarkable feature of stable populations mentioned lated from the enumerated population classified by 
earlier. If the b(x) sequence is calculated for a truly five-year age group and by sex. Availability of the 
stable population, the value of b(x) for different ages x population counts by single year of age is useful but not 
is very nearly constant. For example, a model stable necessary. 
population with an expectation of life of 40 years will 
generate a sequence of b(x) values that is virtually con- 3. Gmputational procedure 
stant with x when using model stable populations based The steps of the computational procedure are 
on a life table with an eo of 50 years. Ups and downs in described below. 
an estimated b(x) sequence indicate the extent to whlch aep 1: C ~ ~ o t i o n  of dlribhtion. 
the given to Or differs from a Throughout this chapter, C(x) is used a denote the pm- 
stable population. When the age distribution is distorted podon of the population under exact age  hi^ pro- 
by age-mkwpohng, or age-selective omission, b(x) portion, for a given age x (assumed to be a multiple of 
may be far from constant- A b(x) that is five), is calculated by adding the population of each 
high indicates that too high a fraction of the population five-year age group from 0 to 4 to -5 to - 1 and 
is as under age x*  either because of a dividing the resulting sum by the total enumerated 
ward of pemm across age by age- population (excluding those of unknown age). When 
mhwpohng or because of greater the basic data are classified by sex, the propadons C(x) vns above age x.  a b(x ) that is are calculated for each sex separately. In general, if 5NX 
too low indicates either an upward transfer of persons is =d to denote the population aged from to +4, 
from below age x to above age x by age-misreporting or is the total population, then 
relatively greater omission of persons under age x. 
('Too low" and "too high" are in relation to the x -5 

hypothetical constant value of the b(x) estimates that c ( x ) = [ C  5Ny11N 
would have been produced with a genuinely stable y = 0 
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Step 2: estimation of a set of mpmsentatiw birth rates at 
mortality level 13 4 the We-Demeny model stable popu- 
lations. This step constitutes the computational core of 
this procedure; and it requires that, within the set of 
model stable populations subject to mortality level 13 of 
the Coale-Demeny life-table system, those whose pro- 
portions under ages x match the reported C(x) values 
be identified by means of a birth rate. To indicate that a 
given birth-rate estimate determines the stable popula- 
tion consistent with the observed C(x) value at mortality 
level 13, such an estimate is denoted by b(x). Note 
should be taken that this birth rate still refers to the 
whole of the stable population. The index x does not 
mean that only a portion of the stable population is con- 
sidered. 

The set of b(x) estimates is obtained by interpolating 
linearly (see annex IV) between the printed C(x) values 
of €he model stable populations. For a given, reported 
value of C(x), denoted by Co (x), the two stable popula- 
tions whose C(x) values bracket this value (in the sense 
that C I(X) <Co .(x ) <C2(x )) are identified; and b (x ) is 
obtained by interpolating between their corresponding 
birth rates, denoted here by bl(x) and b z ( x ) ,  respect- 
ively. The detailed example that follows will help to 
clarify this calculation process. 

st& 3: plot 4 esti&ted birth rates against age and 
inte'pretation of msults. The birth-rate values, b (x ), 
obtained in the previous step are plotted against age, 
and any deviations they display from a horizontal line 
may be taken as indication of deviations from true sta- 
bility or of the existence of distortions caused by age- 
reporting errors. See subsection B.l for a discussion of 
the possible significance of certain types of deviations. 

4. A detailed example 
The age distribution from the 1960 census of Brazil is 

used to illustrate the application of the evaluation pro- 
cedure (see table 143). 

The steps of the computational procedure are given 
below. 

Step 1: calculation of cumulated age dstribution. 

TABLE 143. AGE DISTRIBUTION AND FITTED 
BIRTH-RATE ESTIMATES FOR MALES. B WIL. 1960 

Column (2) of table 143 presents the recorded five-year 
age distribution of the male population of Brazil in 
1960. Note that the raw census counts are not presented 
and that the proportions listed in column (2) refer only 
to five-year age groups. Therefore, although it is no 
longer necessary to divide by the total male population, 
the desired C(x) must still be obtained by adding the 
proportions in column (2). For example, C(25) is 
obtained as 

The full set of C(x) values is shown in column (4) of 
table 143. 

Step 2: estimation of a set of mpresentatiw birth rates at 
mortality level 13 of the We-Demeny model stable popu- 
lations. Calculation of the values of representative birth 
rates, b(x), identifying the West model stabie popula- 
tions at level 13 having the same C(x) values as those of 
Brazilian males is carried out by interpolating linearly 
(see annex IV) between the printed model stable popu- 
lations (in this case, those refemng to males are used). 
To illustrate the process followed, b(25) is calculated 
here, that is, the birth rate in the male stable population 
at level 13 having a C(25) identical to the reported 
value. According to the printed West model stable 
populations for males at level 13: a stable population 
with a birth rate of 0.03756 has a C1(25)= 0.5813, while 
that with a birth rate of 0.04230 has a C2(25)= 0.6193 
(note that the printed stable population values have to 
be divided by 100 to conform with the conventions fol- 
lowed in this Manual, while the printed birth rates need 
to be divided by 1,000 for the same reason). Therefore, 
to find the value of b(x) corresponding to the'observed 
C(25) of 0.6 170, the interpolation factor B is 

Hence 

The full set of b (x ) values estimated in this manner is 
shown in column (5) of table 143. 

Step 3: plot of estimated birth rates agaircst age Md 
interpreation of .results. Figure 18 shows a plot of the 
birth-rate estimates, b(x), against age. It appears that, 
according to these estimates, the age distribution of the 
male population of Brazil in 1960 is fairly consistent 
with that of a stable population (the plotted points do 
not deviate markedly from a horizontal line). However, 
the recorded age distribution is not entirely free from 
distortions. For example, the relatively high b(x) values 
observed at ages 10 and 15 imply that males older than 
t h ~  ages have been reported as younger, and some dis- 
tortions are also evident at older ages. Yet, as the exam- 
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ples that appear in the next section prove, the observed 
distortions are minimal; and, in and by themselves, they 
would not be sufficient to preclude the use of estimation 
methods based on model stable populations in this case. 

5. l)pidpdknu o / t k  birth-- 
uli?naw 

The evaluation procedure described in this section 
was applied to a series of reported and model stable 
populations in order to ascertain whether typical pat- 
terns of the birth-rate estimates, b (x ), with respect to age 
could be identified. The seven p e l s  of figure 19 show 
plots of the b(x) estimates obtuned in each case. They 
were dl calculated by interpolating between the female 
model stable populations generated by a West model 
life 1.Mt at level 13. Panel A of Agure 19 shows the 
values of b(x) for populations that are genuinely stable, 
or nearly so, and that are not much distorted by age- 
misnporting. Two of the a ts  of b(x) values in this 
panel are derived from model stable populations. The 

stable populations selected have values of life expec- 
tancy at birth of 40 and 60 years, respectively, instead of 
the expectation of life of 50 years of the reference stable 
population of level 13. These examples illustrate the 
type of deviations from a horizontal line that may be 
expected solely on account of selecting an inappropriate 
mortality level as a basis for comparisons. As stated 
above in subsection B.l, such deviations are minor and 
follow a systematic pattern with respect to age. 

It is appropriate to add at this stage that, in the discus- 
sion that follows, age-misrcporting is implicitly assumed 
to be the main cause of deviations of the b(x) sequence 
from the expected horizontal line. In certain popula- 
tions, however, these deviations may, in fact, be mainly 
due to lack of stability or, as exemplified in panel A, to 
true discrepancies between the population's mortality 
pattern and that embodied by the model stable popula- 
.tions being used. Because it is difficult, if not impossi- 
ble, to disentangle in practice the effects due to each of 
these phenomena (age-misnporting, lack of stability 
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and inadequacy of the selected model), casting the dis- 
cussion in tenns of the most likely cause is both expedi- 
tious and acceptable, especially because, irrespective of 
their main cause, large deviations of the b(x) sequence 
from a constant value suggest that the basic data may 
not be trustworthy and that "stable" estimates derived 
from them must be carefully assessed before being 
accepted. 

Roceeding with the discussion of the curves displayed 
in panel A, note that two for populations that are very 
nearly stable and whose data are reliable, namely, Ger- 
many, and England and Wales, both in the late 
nineteenth century, have been included. These sets of 
b(x) values, although not perfectly horizontal, vary 
within a narrow range. They serve to illustrate the case 
in which, even when the data are reliable. perfect agree- 
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ment between the models and the observed data is not 
achieved. 

In other panels, the b(x) values derived from the age 
distributions of males and females are plotted 
separately. Age distributions for several countries are 
considered: India and Nepal; four populations in 
Africa; three populations in Latin America; and the 
Philippines. The b(x) sequences for India and Nepal 
show deviations of similar magnitude and some similari- 
ties of pattern, particularly for females, to the sequences 

for Africa (Angola, Ghana, Morocco and Senegal). The 
values of b(x ) for females in these populations have typ 
ically a local maximum at age 10, followed by a steep 
descent to a low point at 20, and then a gradual increase. 
For the males in these populations, the descent of b(x) 
from 10 to 15 is less marked (or non-existent); and the 
lowest point is reached at age 25 instead of at age 20. A 
descending segment of b(x) from x to x +5 implies that 
this five-year age group comprises a lower proportion of 
the reported population than of the stable population 
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fitted to C(x), and a rising segment implies that there is 
a higher proportion of the reported population in this 
five-year age internal than in the stable population with 
the same C(x ). Thus, the rise in the b(x ) sequences for 
India and Nepal from age 5 to age 10 implies a reported 
proportion in age group 5-9 higher than that in the 
stable population, and the universal decline from 10 to 
15 and from 15 to 20 for females implies that these two 
age groups (10-14 and 15-19) comprise a lower propor- 
tion of the reported than of the stable population. The 
low values at 20 and 25 imply a substantial upward 

transfer (caused by age-misreporting) across these two 
age boundaries. 

The b(x) sequences for selected male and female 
populations from Latin America and the Philippines 
show less extreme ups and downs than do the sequences 
for the populations of Africa and other countries of 
Asia. Moreover, their overall pattern is wholly different. 
The value of b(l5) for males is usually a local mu- 
imum, and the sequence of values above a e 15' for 
mala usually follows a downward mnd. If $ down- 
ward trend is the effect of age misstatement, it implies 
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that there is a progressively greater tendency for males 
to overstate age. The values of b(x) for females in Bra- 
zil and the Philippines follow an upward trend from the 
earliest point to age 50 or higher. This upward trend 
may be caused either by a progressively greater under- 
statement of age as age increases or by a higher omission 
rate among older females. The fairly regular pattern of 
deviations with respect to age also suggests that other 
phenomena, such as a discrepancy between the model 
and the true patterns of mortality, may be responsible 
for their existence. However, in spite of these distor- 
tions, it is clear that the age distributions reported by 
populations in Latin America are less irregular than 
those reported in Africa or in India. 

The examples displayed in this section show that, in 
the seriously distorted age distributions reported for 
populations of Africa or South Asia, there is typically an 
understated proportion of females in the age interval 
from 10 to 14, as evidenced by the steep negative slope 
of b(x) from 10 to 15 in the female populations shown 
in panels C and E of figure 19. It also appears that there 
is often an upward transfer across age 15 because of 
age-misreporting in these female populations. It is 
probable that such misstatement arises because the 
interviewer has to estimate the age of young women: in 
cases where the woman interviewed has passed puberty, 
and especially when she is already married, her age is 
likely to be estimated as 15 or over. 

In contrast, the value of b(x) for males in the Asian 
populations shown in panel B does not decline much if 
at all, from 10 to 15; and for the populations of Africa 
(panel D), the decline is less sharp than for females. 

This discussion suggests that for South Asian popula- 
tions, C(15) for both sexes combined may be a good 
choice as the age-distribution parameter to which a 
stable population is fitted, since it appears that the ten- 

dency for males to be transferred downward across age 
15 is balanced, to some extent, by a tendency for females 
to be transferred in the other direction. Furthermore, 
C(15) for both sexes may be an appropriate choice for 
the pattern for Africa, since although there is no evi- 
dence in panels D and E that male and female errors 
around age 15 might balance each other, in both cases 
the point for 15 does seem to approximate the average 
of all the b(x ) values. However, there are exceptions: 
for the male population of Morocco, for example, b(15) 
is clearly well above the average of all the b (x) values. 
Thus, though C(15) may be a good starting-point for 
selecting a stable population, there is no guarantee that 
it will be the optimal choice; and a number of selections 
based on different C(x) values may be required. In the 
sections that follow, however, the presentation of the 
estimation methods suggested is in terms of C(15) for 
both sexes combined, but the principles involved may be 
applied to other C(x )  values if a detailed examination 
of the age distribution suggests that such an approach 
may be necessary. 

C. ESTIMATION OF FERTILITY FROM THE PROPORTION 
OF THE POPULATION UNDER AGE 15 AND THE PROB- 
ABILITY OF SURVIVING TO AGE 5 

1. h i s  of method and its rationale 
The selection of a model stable population on the 

basis of the proportion of the population under age 15 
(both sexes) and the probability of surviving to age 5, 
1 (5), in order to estimate the birth rate, has several of the 
desirable properties identified in subsection A.1. The 
proportion under age 15 for both sexes combined is 
often less affected by age-misreporting than other points 
on the cumulated age distribution, although it must be 
conceded that in some circumstances, when there are 



high omission rates of young children or when certain 
problems arise at the time of interview (as, for instance, 
when heaping concentrates at age 14 as a result of 
women trying to avoid being interviewed individually in 
surveys where the target population is that aged from I5 
to 49), C(15) can be either too low or too high. There- 
fore, although fairly robust to the effects of typical age- 
misreporting patterns, the estimation methods based on 
C(15) may still yield biased estimates in particular situa- 
tions. Hence, a careful evaluation of the accuracy of 
C(15) is recommended before these methods are 
applied. 

The use of l(5) as an indicator of mortality in child- 
hood also enhances the overall robustness of this 
method. As described in chapter 111, l(5) can be 
estimated from the proportion of children surviving 
among those ever borne by women aged from 30 to 34 
(or duration of marriage of 10-14 years). This estimate 
of mortality is usually fairly reliable; and when mortal- 
ity has been changing, it refers to a period located some 
six or seven years before the time of the interview, about 
the appropriate time reference for estimating the aver- 
age birth rate during the 15 years preceding enumera- 
tion. 

Thirdly, model stable populations identified on the 
basis of values of C(1S) and l(5) from the four families 
of Coale-Demeny models have nearly the same birth 
rate and the same total fertility. Such consistency does 
not extend to stable populations from the different' 
models having the same C(15) and rate of increase. For 
example, in model stable populations with a C(15) value 
of 0.4195 and an l(5) of 0.8185, the birth rate ranges 
only from 0.0408 to 0.0414; and total fertility varies only 
from 5.70 to 5.89 (to calculate these total fertility rates, 
the mean age of the fertility schedule was assumed to be 
29 years and the sex ratio at birth used was 105 male 
births per 100 female births). On the other hand, in 
model stable populations with the same value of C(15) 
(0.4195) and a rate of increase of 0.025, the birth rate 
ranges from 0.0408 to 0.0440 and total fertility varies 
from 5.70 to 6.22. 

Lastly, and most surprisingly, the selection of a model 
stable population on the basis of C(15) and l(5) pro- 
vides an estimate of the birth rate that closely matches 
the average birth rate during the 15 years preceding 
enumeration, even when the population in question is 
far from stable. 

The remarkable accuracy of this approximation in the 
case of non-stable populations can be explained in 
heuristic terms by viewing the estimation of a stable 
birth rate from C(15) and l(5) as a form of reverse pro- 
jection yielding an estimate of the average birth rate 
during the 15 years preceding the time of enumeration. 
In a stable population, the average birth rate during this 
period is, of course, the same as the current birth rate, 
but it could be estimated from the stable age distribution 
by the conventional procedure of reverse projection. 
The number of births in the period, estimated by reverse 
projection to birth &f the population in each age interval 
under 15, divided by the number of person-years lived 

during the period by the total population (estimated by 
reverse projection of the current population using the 
stable rate of natural increase), would yield the desired 
birth-rate estimate. For a non-stable population, the 
equivalent calculations would involve the same reverse 
projection to birth of the persons in each five-year age 
group in the 0-14 range, and the division of the resulting 
total number of births by the total population reverse- 
projected according to the actual rate.of increase. 

A stable population selected so that its parameters 
match the observed C(15) and l(5) values must incor- 
porate a life table with l(x) values up to age 15 that are 
fairly similar to those characterizing mortality in the 
given population over the preceding 15 years or so. The 
repofled population under 15 may be allocated to the 
three five-year age groups in the 0-14 range in a different 
way than that of the fitted stable population, but because 
of the low mortality rates that usually characterize these 
ages (at least from age 3 to age 14), the differences in the 
age distribution under 15 between the reported and the 
stable populations should have only a slight effect on the 
number of births calculated by reverse projection. Thus, 
the fitted stable population may be expected to provide 
an adequate representation of the numerator of the birth 
rate, that is, the number of births in the preceding 15 
years. 

A more important difference is likely to affect the 
denominator; and it arises from differences between the 
observed and the stable rates of increase, especially if 
there has been a recent change in fertility. In such an 
instance, the stable population fitted to the observed 
C(I5) and l(5) values is unlikely to have the same 
growth rate as the reported population had over the 
preceding 15 years; in general, the stable population has 
a lower growth rate. Continuing with the analogy to 
reverse projection, the birth rate of the stable population 
could be improved, as an estimate of the true average 
birth rate over the preceding 15 years, if an adjustment 
were made for the difference between the true and the 
stable growth rates in order to estimate more accurately 
the denominator of the birth rate. If the stable growth 
rate is lower than the true growth rate, according to the 
reverse-projection analogy, it would result in somewhat 
too high an estimate of the person-years lived by the 
population over the preceding 15 years, which in turn 
would give rise to too low an estimate of the birth rate. 
Thus, the birth rate can be adjusted upward by multiply- 
ing it by the ratio of the number of person-years lived 
implied by the stable growth rate to the true number of 
person-years actually lived by the reported population, 
that is, by No exp [ -7.5r,]/N0 exp [ -7.5r0], where No is 
the total reported population; r, is the stable growth 
rate; and ro is the reported growth rate. If the difference 
between the true average growth rate over the preceding 
15 years and the growth rate of the fitted stable popula- 
tion is 0.002 (say, a true value of 0.022 against a stable 
value of 0.020). for instance, the adjustment for the 
denominator can be made directly to the birth rate of 
the fitted stable population, multiplying it by the factor 
exp [7.5(0.022-0.020)]. The adjustment would thus be 
about 1.5 per cent upward. A similar procedure should 



also prove effective in cases of destabilization resulting 
from mortality change. It should be pointed out, how- 
ever, that the adjustment does not always improve the 
initial estimate of the birth rate, particularly in the case 
of very recent fertility change. Further, the adjustment 
may not be suitable in practice if the reported growth 
rate is distorted by changes in enumeration complete- 
ness. 

Table 141 shows the results obtained when this esti- 
mation procedure was applied to several populations 
with accurate birth registration. The average birth rates 
estimated from l(5) and C(15) are compared with the 
average birth rates registered during the 15-year period 
preceding each census. In the first part of table 141,1(5) 
has been estimated from data on children ever born and 
surviving. In the second part, covering countries for 
which such data are not available, the value of l(5) has 
been taken from official life tables referring approxi- 
mately to the period 7.5 years before each census. In 
these cases at least, the procedure yields very good esti- 
mates of the birth rate for populations that are clearly 
not stable. 

2. &a ~qau'red 
The following data are required for this method: 
(a) The enumerated population classified by five-year 

age group and by sex. Strictly speaking, only the popu- 
lation of both sexes under age 15 and the total popula- 
tion enumerated are required. However, in order to 
assess the quality of the data (for example, by using the 
procedure described in section B), further classification 
by sex is necessary; 

(b) An estimate of l(5) for both sexes combined refer- 
ring approximately to the period between six and eight 
years before the time of enumeration. (Refer to chapter 
I11 for methods yielding this estimate from data on chil- 
dren ever born and surviving.); 

(c) An estimate of net migration during the period 
preceding the time at which the population was 
enumerated. If net migration is substantial, stable popu- 
lation analysis should be carried out only after the 
reported age distribution has been adjusted for its 
effects; 

(d )  An estimate of the sex ratio at birth; 
(e) An estimate of the growth rate during the 15 years 

or so preceding enumeration (this estimate is necessary 
only if there is evidence suggesting that the reported 
population is not approximately stable and if, as a result, 
an adjustment of the stable birth rate for the difference 
between the reported and stable growth rates is desir- 
able). 

3. Compuationalpnmchw 
Step 1: calculation of pportion under age 15 for both 

sexes. The calculation of this proportion, C(lS), is car- 
ried out according to the general principles described in 
step 1 in subsection 8.3. Essentially, 

to x +4; and N is the total enumerated population 
(excluding those of unknown age). 

Step 2: i&ntijication of a mortality level consistent with 
thepmbability of surviving to age 5. The desired mortality 
level is identified by interpolating linearly (see annex 
IV) between the probabilities of surviving to age 5,1 (S), 
listed in annex VIII for the mortality pattern selected as 
most suited for the country concerned. Note that the 
mortality level should be found for males or females, but 
not for both sexes combined, since although I(5) refers 
to both sexes combined, identification of a mortality 
level is carried out using the tables referring to a given 
sex (male or female). The reason for this procedure is 
that model stable populations referring to both sexes 
combined are not published in the Coale-Demeny 
volume? 

Step 3: idmtificution of the stable population with the 
same pbtahlity of surviving to age 5 and proportion under: 
age 15 as the nporled population. Using the mortality 
level identified in step 2 and the selected family of 
models for a given sex (male or female), two populations 
at the estimated mortality level are found whose propor- 
tions under age 15 enclose the reported C(15) for both 
sexes, denoted by Co(15), in the sense that 
C1(15), (C' (15)<C2(15). Once identified, interpolation 
between the parameter values of the two stable popula- 
tions yields the required stable estimates (the birth rate, 
the growth rate and the death rate, for example). Note 
again that, although the observed Co (15) refers to both 
sexes combined, interpolation is carried out only within 
the stable populations referring to one selected sex (male 
or female). This procedure implies that one is assuming 
the underlying pattern of mortality of both sexes of the 
population under study to be similar to either the male 
or female model chosen as reference. 

Step 4: calculation of p reproduction rate and of total 
fertility for the selected stable population. The population 
identified in step 3 refers to both sexes combined, so that 
the calculation of parameters that refer only to the 
female population is not straightforward. To obtain 
their values, it is necessary to identify the female stable 
population associated with that already selected for both 
sexes combined. A serviceable choice of a female stable 
population is made by estimating the female birth rate 
as 

where b, is the estimated birth rate for both sexes com- 
bined; B /B, is the proportion of births that are female 
(B stan d for the number of births); and N /N, is the h proportion of the population that is female ( stands for 
number of persons). The proportion of female births 
can be taken as about 48.8 per cent of the total, except in 
tropical Africa, or in populations of primarily African 
origin, where a proportion of about 49.3 per cent should 

C(15)= GNo+jNj +sNlo)/N (C.1) 

when jN, is the population of both sexes aged from x ' IM. 



be used. The proportion female in the population can 
be taken from the census, unless sex selective omission is 
evident. 

Note that Bf /B, can also be written as 

where SRB is the sex ratio at birth defined as the 
number of male births per female birth. Therefore, 
knowledge of SRB and of the total male and female 
population counts is sufficient to calculate bI from 6,.  

Once bl is available, using the mortality level 
identified m step 2, the value of the gross reproduction 
rate, GRR, can be estimated by interpolation within the 
female set of stable populations of the family being 
used. However, the printed model stable populations 
give only estimates of the gross reproduction rate for 
certain mean ages of the fertility schedule. It is recom- 
mended that a first estimate of this rate be calculated by 
setting this mean age, p, to 29. Then if p can be more 
accurately estimated for the population in question (see 
annex 111). the preliminary GRR(29) estimate can be 
adjusted by using the following relation: 

GRR (p) = GRR (29) exp((p - 29Xr +&))I (C.4) 

where &) is the death rate at p and is estimated as 

where 5M, is the central death rate for females aged 
from x to x +4 in the life .table at the level identified in 
step 2. 

Lastly, an estimate of total fertility is obtained as 

It should be mentioned that step 4 should not be carried 
out if there is evidence suggesting that the population 
being studied is not approximately stable, since the esti- 
mates obtained according to the procedures described in 
this step refer only to a stable population. Therefore, 
especially when fertility has been declining, these esti- 
mates may be misleading. 

Step 5: @ushnent of stable birth-mte estimate when the 
population is not truly stable. If there is evidence suggest- 
ing that the population has experienced important fertil- 
ity and mortality changes, the stable birth rate obtained 
in step 3 cannot be considered an adequate estimate of 
the corresponding parameter of the true population. 
Fortunately, if the average growth rate of the population 
during the 15 years or so preceding the time of enumera- 
tion is known, the stable birth rate estimate may be 
adjusted for the effects of declining fertility. As in other 
instances, the required growth rate is estimated on the 
basis of population counts at different points in time. 
The equation used to calculate it is 

where 4 is the total population enumerated at time ti 
(including those of unknown age). 

When r, is different from the stable growth rate, r, , 
estimated in step 3, the stable birth-rate estimate also 
obtained in that step can be adjusted by 

4. A detailed example 
The case of Brazil in 1960 is used as an example. A 

census with 1 September as reference date was camed 
out in that year. Its results have already been used in 
chapter 111, subsection E.4 (b) to obtain estimates of 
child mortality. Furthermore, the reliability of the 
reported age distribution of the male population was 
assessed above in subsections B.4 and B.5. As is often 
the case, the proportion under age 15 for males appears 
to be overstated, while there is no unambiguous bias in 
the female C(15) (see panels F and G of figure 19). 
Hence, there seems to be no reason for fitting a stable 
population to any C(x) in preference to C(15); but, 
bearing in mind that errors in the male and female 
C(15) values may not cancel each other out in this case, 
for illustrative purposes the method described in this 
section is applied. 

The steps of the computational procedure are given 
below. 

Step I: calculation of pmportion w&r age 15 for both 
sexes. Table 144 presents the basic population counts in 
the form of cumulated numbers of persons under 
selected ages. Classification by sex is available. Accord- 
ing to this table, 

while 

so that 

TABLE 144. POWIATION UNDER EXACT AGE& N(x  -) BY SEX. 
BIUZIL, I960 
(-1 



Step 2: identi$cation of a mortaliy level consistent with 
the ptoboblity of surviving to age 5. The estimation of 
child mortality from data on children ever born and sur- 
viving collected during the 1960 census of Brazil, was 
camed out in chapter 111, subsection E.4 (b). Table 79 
in that chapter contains the raw data, while table 80 
shows the resulting child mortality estimates. The esti- 
mate of l(5) for both sexes combined is 0.8222. In sub- 
section E.4 (b) of chapter 111, it was stated that if the sex 
ratio at birth of the Brazilian population is assumed to 
be 1.05 male births per female birth, this value of l(5) is 
consistent with level 13.6 of the West model life tables 
for both sexes combined. However, if in the application 
of the methods described in this chapter one were to use 
consistently life tables for both sexes combined, it would 
be necessary to generate new stable populations using 
those Life tables, since the Coale and Demeny tables 
refer only to males or females separately. Given the 
robustness of the methods described here to variations in 
the model patterns of mortality (see section C.1), it does 
not seem necessary to insist on absolute consistency by 
using stable populations refemng to both sexes com- 
bined. It is more expedient and scarcely less satisfactory 
from the point of view of the accuracy of the estimates 
obtained to use the sex-specific model stable populations 
published in the Coale-Demeny set as if they were ade- 
quate representations of the experience of both sexes 
combined. This approach is equivalent to assuming that 
if, for example, only the female tables are used, the mor- 
tality pattern embodied in the female life tables is an 
adequate representation of the mortality pattern prev- 
alent in the whole population (both sexes combined). In 
the case of the method at hand, this assumption is more 
satisfactory than it would appear at first sight because 
only the mortality up to age 15 is of major importance; 
and for the age range 0-14, differences between the mor- 
tality pattern for both sexes combined and those for 
each one separately are relatively small. 

In the case of Brazil in 1960, the female life tables for 
model West a n  assumed to be adequate representations 
of true mortality pattern. Accordingly, the model l(5) 
values listed in table 236 (see annex VIII) are used to 
identify the mortality level corresponding to the 
observed value of 0.8222. As usual, linear interpolation 
is used (see annex IV) to find this level. The process 
involves searching the values listed under label "1 (5)" in 
table 236 for two values that enclose the observed l(5). 
In this case, they are ll3(15)= 0.81848 and 
114(15)= 0.84106, where the subindices indicate the level 

with which each value is associated. Then, the interpo- 
lation factor 8 is obtained as 

Hence, the female West level desired is 13.16. 
Step 3: i&ntijication of the stable population with the 

same probability of surviving to age 5 andproportion under 
age 15 as the mpwted population. The first task in this 
step is to calculate the values of the proportion under 
age 15, C(lS), at level 13.16 for West female stable 
populations with different birth rates (or growth rates). 
Refemng to the printed stable age distributions, one 
finds that at level 13, C1(15)= 0.4195 for a population 
with an annual growth rate of 0.025, and 
C2(15)= 0.4539 for a population growing annually at a 
qte  of 0.030. The c?rresponding values at level 14 are 
C1(l 5) = 0.4 14 1 and C2(1 5)= 0.4487. Hence, in order to 
obtain the corresponding estimates at level 13.16, one 
uses the interpolation factor 8 of 0.16 as follows: . 

where the superindex indicates that the C(15) values 
correspond to level 13.16. It remains to find the growth 
rate and birth rate with which the reported 
C(15)= 0.4268 is associated. Note that the C *(15) esti- 
mates presented above enclose the reported value as 
desired. The reported C(l5) is used to interpolate 
between the C*(15) values, the necessary interpolation 
factor being 

The growth rate associated with the reported C(15) is 
found using 8: 

Table 145 shows some of the intermediate results of 
these calculations. It also gives the estimates of the birth 
rate. Those at level 13.16 for growth rates 0.025 and 
0.030 are obtained exactly in the same way as the 
C*(15) estimates given above. The birth rate for 
r, = 0.0262 is then calculated as 

TABLE 145. IDENTIFICATION OF THE STABLE POPULATION DETERMINED BY THE REPORTED 
PROPORTION UNDER AGE 15 AT LEVEL 13.16, BIIAZIL. 1960 



This value is therefore the stable estimate of the birth 
rate. 

Stcp 4: cakulation of grau npraduction rate and of total 
fertility for the selected stablc ptpdation. As is shown in 
the next section, the stable population identified in step 
3 is not an adequate representation of the Brazilian 
population in 1960. Hence, it makes no sense to calcu- 
late at this point other parameters of this stable 
population, because they are not likely to be acceptable 
as estimates for the'actual population. For this reason, 
the application of step 4 is deferred (see subsection C.5). 

Step 5: @wbnent of stable birth-me estimate Wiren the 
ppdation is not t d y  stable. Brazil carried out censuses 
on 1 July 1950 as well as on 1 September of 1960, and 
they yielded total population counts (including persons 
of unknown age) amounting to 51,916,000 and 
70,119,000 persons, respectively. Hence, the 1950- 1960 
intercensal growth rate is calculated as follows: 

This growth rate is evidently much higher than that 
estimated in step 3 for the fitted stable population. Such 
a discrepancy suggests either that the Brazilian popula- 
tion was not stable, as a result of mortality or fertility 
changes the influence of which on the estimated birth 
rate must be taken into account, or that some other 
methodological problems may exist. Ignoring for the 
moment the possibility of the latter situation, for the 
sake of illustration, an adjusted birth rate is calculated 
by using equation (C.8) as follows: 

5. c4mwmrs on the &tartarilcd exmple 
Several remarks must be made about the example just 

presented and, as will be seen, some will lead to the 
complete modification of the estimates found above. 
The first comment, however, is mostly of a methodologi- 
cal nature and refers to the question whether male or 
female model stable populations should be used in 
applying this method. In the case just analysed, if the 
male West model stable populations had been used, the 
observed l(5) for both sexes combined would have 
implied a mortality level of 13.97, and the preliminary 
estimates of the stable birth rate and growth rates would 
have been 0.04155 and 0.0260, respectively. Adjustment 
of the former by exp(7.5(0.0035)] = 1.0265 would have 
yielded a final birth rate estimate of 0.04265, in which 
the first three significant figures agree with those of the 
estimate obtained in step 5 by using the female models. 
This is yet another example of the robustness of the esti- 
mation procedure to changes in the model mortality pat- 
tern d. 

Next to be considered is an evaluation of the estimates 
obtained. The difference between the estimated stable 

growth rate of 0.0262 and the intercensal growth rate of 
0.0295 could arise either because the 1960 ansus was 
more complete than the 1950 ansus, or because the 
West mortality pattern is an inadequate representation 
of the mortality of the Brazilian population (higher 
growth rates would be expected in populations with a 
given C(15) subject to heavier mortality below age 5 and 
lower mortality above age 5 than those embodied by the 
West model). 

To assess the influence that the selection of a certain 
mortality model has on the final estimates and to explore 
the fits of other models, the estimation process is 
repeated using the South model. The first step is to 
obtain adequate child mortality estimates also referring 
to the South model. The appropriate coefficients given 
in table 47 (see chapter 111) and the observed P(l)/P(2) 
and P(2)/P(3) ratios given in table 80 (see chapter III), 
together with D(4), are used to obtain the required esti- 
mate of l(5). Its value for both sexes is 0.8201, implying 
a mortality level of 14.85 in the female tables. Repeat- 
ing step 3 with the South family, the preliminary esti- 
mate of the birth rate obtained from C(15) at level 14.85 
is 0.0423 1, and the corresponding estimate of the growth 
rate is 0.02859. Had male stable populations been used 
instead of female, the corresponding results would have 
been 0.04221 and 0.02805, showing that the choice 
between the sex-specific stable models is not important. 
This growth rate is comfortingly close to the intercensal 
growth rate, implying an adjustment factor of only 
1.0068 for the stable birth rate, the adjusted birth rate 
estimate being therefore 0.04260. The fact that this 
adjusted estimate virtually coincides with that obtained 
earlier using a different mortality model illustrates again 
the robustness to choice of mortality pattern of the 
method that uses 1(5), C(15) and r to estimate the birth 
rate. A very accurate estimate of the birth rate is possi- 
ble (assuming, of course, that the underlying data are 
correct), regardless of whether the population is stable 
and without regard to the family of model stable popu- 
lations employed in the calculation. In addition, the 
high level of agreement between the intercensal rate of 
increase and the estimated stable growth rate when the 
South family of stable populations is used supports the 
suitability of this model as a good representation of 
mortality patterns in Brazil during the 15-year period 
preceding 196G, provided, of course, that the intercensal 
estimate of the growth rate may be considered reliable. 

Having established a best estimate of the birth rate for 
the Brazilian population during the 15 years or so 
preceding 1960, the rest of this section is devoted to the 
estimation of other parameters of the population being 
studied from those of the fitted stable population. For 
this purpose, step 4 of the detailed example is again 
presented below. 
Step 4: caldation of grars np&tion rate and of total 

fertility for the sekted s t d e  ptpdation. To estimate 
total fertility and the gross reproduction rate, it is neces- 
sary to identify a female stable population consistent 
with the observed population. This identification is 
based on the estimated l(5) for both sexes combined, the 
female birth rate implied by the final birth rate estimate 



(6 = 0.0426). the sex ratio at birth and the sex ratio of 
che reported population. If one assumes that the sex 
ratio at b i d  .is 1.05 male births per female birth, 48.8 
per cent of all births are female, and since the fraction of 
the reported population that is female is 

the birth rate for females is 

bf = (0.0426X0.488)/0.5005 = 0.04 15. 

Similarly, that for males is 

& = (0.0426X 1 .O -0.488)/(1 .O -0.j005) 

= (0.0426X0.5 12)/0.4995 = 0.0437. 

The estimated l(5) for both sexes is 0.8201 (based on 
the South model) and it implies mortality level 15.20 in 
the South model life tables for both sexes combined 
given the assumed sex ratio at birth (see table 232 in 
annex VIII). The female stable population of the South 
family with a mortality level of 15.20 and a birth rate of 
0.0415 is found to have a GRR (29) of 2.89 female births 
per woman (for details on the interpolation proms 
leading b this estimate, see table 146). The value of 29 
indicates that this estimate of the gross reproduction rate 
is dependent upon the assumption that the mean age of 
childbearing, denoted by is 29 years in Brazil. 
Although the data necessary to obtain a direct estimate 
of p for Brazil an not available, estimation method 1 
described in annex I11 was used to obtain an estimated 
value of 29.1 years on the basis of the observed 
P(3)/P(2) ratio (see table 80 in chapter 111). Because of 

TABh 146. ES~~MTION oP THE 0 ~ 0 ~ s  ~ P R o D u ~ O N  Mil! BY lNTEllPOUTlON BETWEEN THE 
~ e r u ~ e . S o v m  MODEL srrsste POWLATIONS. BRAZIL. 1960 

the approximate naturc of this estimate of p, the 
rounded value, 29, was judged to be an adequate 
approximation in the estimation of the gross rcproduc- 
tion rate. Total fertility, TF, is estimated by dividing 
GRR, the average number of female births per woman, 
by the proportion of female births: 

TF = GRR /0.488 = 5.92. 

That is, a Brazilian woman living to the end of her 
reproductive life would have had, on average, about six 
children, given the fertility rates in operation during the 
15 years prior to 1960. It must be stressed, however, that 
while t4e final estimate of the birth rate for bo.th sexes 
(0.0426) is fairly reliable, those of the gross reproduction 
rate and total fertility are less so, in part because of 
uacertainty about the sex ratio of the population and in 
part because of doubts about the assumed age pattern of 
fertility. Their values should therefore be interpreted 
with caution. 

'D. ESTIMATION OF THE EXPECTATION OF LIFE AT AGE 
5 AND OF THE DEATH RATE OVER AGE 5 FROM THE 
PROPORTION UNDER AGE 15 AND THE RATE OF IN- 
CREASE 

1. h i s  of methd and its rationale 
Earlier in this chapter, it was noted that the birth rate 

in stable populations from different sets of model tables 

is much the same for given values of C(15) and I(5) but 
not in model stable populations with given values of 
C(15) and rate of increase. The reason for the superior- 
ity of l(5) in identifying stable populations with the 
same birth rate is that child mortality is the basic deter- 
minant of the relation between C(15) and the birth rate. 
On the other hand, mortality over all ages help deter- 
mine the overall death rate, and hence the rate of 
increase when the birth rate is given. Sets of model life 
tables (and actual mortality schedules as well) differ 
most markedly in the relation they embody between 
mortality rates in childhood and mortality rates at older 
ages. 

Two parameters whose values are very similar in 
stable populations having the same C(15) and rate of 
increase are the death rate over age 5 and the expecta- 
tion of life at age 5. Stable populations having the same 
proportion under age 15 have nearly the same propor- 
tion reaching age 5 annually, or nearly the same "birth 
rate" into the population aged 5 and over. Since the 
death rate in any closed population is the birth rate 
minus the growth rate, stable populations with the same 
C(15) and the same rate of increase have very nearly the 
same death rate over age 5 and the same expectation of 
life at age 5, though they may have rather different age 
patterns of mortality. Table 147 shows the death rate 
over age 5 and the expectation of life at age 5 in model 
stable populations from the North, South, East and West 
sets, when the proportion under age 15 is 0.4195 and the 
growth rate is 0.025. Whatever the set of model life 



TABLE 147. DEATH RATE OVER AGES AND EXPECTATION OF LIFE AT AGE 5 IN SELECTED MODEL STABLE 
W U T I O N S  WITH A PROPORTION UNDER AGE 15. C(15) OF 0.4 195 AND A RATE OF INCREASE. r . OF 0.025 

Mnrmm E q e c t a t h ~ & m c y J  I k a h r a t e m r ~  J 

lb~l' Faplr Ibrh xur Mole Fen& Ibrh xur 
111 111 (3) (4) f.0 (6) (7) 

North ............. 55.7 56.1 55.9 0.0 104 0.0104 0.0104 
South ............. 55.9 56.5 56.3 0.0101 0.0100 0.0101 
East ................ 55.3 55.7 55.4 0.0102 0.0102 0.0102 
Wcst ............... 55.2 55.9 55.6 0.0 102 0.0 102 0.0102 

tables, and whether the stable population is male or age. Those of unknown age should not be included in 
female, the two summary measures of mortality over age the denominator. 
5 are fairly similar if C(15) and r are specified. In other Step 2: cdCUlation of interned growth W e .  The 
words, for populations that are approximately stable, if annual rate of increase of the population during the 
the proportion under 15 and the intercensal rate of intercensal period is calculated as 
natural increase are accurately recorded, the choice of a 
model stable population on the basis of C(15) and r = [ln(Nz)-ln(N~)l/(tz -t I) 
provides a robust estimate of overall mortality over age 

(D.1) 

5, at least for the range of mortality patterns covered by where 4 is the total population enumerated at time t,. 
the four Code-Demeny families. N, should include all persons, even those of unknown 

It is important to emphasize, however, that the age, and the date t, should be expressed in terms of 
requirements outlined above, namely, that the popula- years, including a decimal portion. 
tion be approximately stable and that C(15) and r be Step 3: i&ntification ofthe stable population wfth a pro- 
accurately recorded, are necessary to assure the validity portion un&r age I5 and a growth mte equal to those ofthe 
of the mortality estimates obtained. In other words, this reported populaion. The stable population that exactly 
method is fairly sensitive to deviations from stability and matches the proportion under age 15, c0 (15), 
to emon in the basic data- In particular, the mortality and whose rate of growth, r,, is equal to that estimated 
estimates obtained by fitting a stable population to the in step 2 must be identified. Since for a particular mor- 
C(15) and r of a population whose fertility has been tality pattern a model stable population is completely 
declining will tend to underestimate the expectation of identified by a mortality level and a growth rate, the 
life at age 5, and serious biases are also likely when process of identification in this case consists only of 
either C(15) or r are subject to error. Hence, in most estimating the mortality level associated with each pair 
cases, the results Yielded by this method should be of Co ( x )  and ro values. If model stable populations for 
evaluated carefully in light of other evidence before all possible mortality levels and all possible growth rates 
being accepted as definite estimates of adult mortality. - were printed, identification would be cam'ed out by sim- 

ple comparison of observed and tabulated proportions. 
2. Doro required However, because the printed stable populations 

The data required for this method are listed below: correspond only to selected mortality levels and growth 
(a) The population classified by five-year age group, rates, identification usually requires two linear interpo- 

and by sex. Strictly speaking, only the population under lations (see annex IV) between the printed figures. 
age 15 and the total population are required, but the These interpolations can be carried out in any order, but 
availability of an age distribution further classified by probably the simplest approach consists of interpolating 
sex makes possible the assessment of data quality (see first with respect to ro and then with respect to C, (1 5). as 
section B); is shown in the detailed example. 
(6) The total population at the time of the census and Step 4: estimation of other dpmopphic pameters. 

from at least one preceding census. Availability of Once a level of mortality has been selected, its value in 
population totals and age distributions at a series of conjunction with the stable growth rate defines a stable 
dates provides evidence about the approximate stability population that approximates the reported population. 
of the population; Since most demographic measures associated with stable 

(c) An estimate of net migration during, at least, the populations are easily obtained, these measures can be 
most recent intercensal period. ~f net migration is sub- calculated for the fitted stable population and may be 
stantial, the reported population will have to be adjusted considered as estimates of true values. The actual com- 
before the method is applied. putation of these parameters usually involves linear 

interpolation (see annex IV) with respect to two vari- 
3. Gmputaionalp~~~edure ables (first, with respect to the growth rate and then with 

The steps of the computational procedure are respect to the level of mortality). Furthennore, when 
described below. stable-population analysis is carried out using data for 

Slcp I :  dculation o f e p e d p p o r t i o n  un&r age 15. only one sex, estimates for the other sex may be 
TG pmportion, C(l5). is calculated as the population obtained either by using the sex differentials embodied 
agcd 0-14 divided by the total population with recorded by the model stable populations themselves or from 
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knowledge of the sex ratio at birth and the actual sex 
ratio of the total population. The detailed example 
illustrates how these procedures are carried out in prac- 
tice. 

It must be recalled, however, that although a com- 
plete set of demographic parameters may be calculated 
for the fitted stable population, they will not all be 
equally reliable as estimates of the parameters underly- 
ing the reported population. According to the discus- 
sion in subsection D.l, at least es, the expectation of life 
over age 5, and d(5+), the death rate over age 5, are 

likely to be trustworthy. The calculation of other 
parameters, although possible, should pot be construed 
as leading necessarily to satisfactory estimates. 

4. A &tailed excaple 
The population of Colombia in 195 1 is analysed as an 

example of the estimation of demographic parameters 
from C(15) and r .  A series of censuses has been held in 
Colombia during the twentieth century. The dates and 
the total populations enumerated by them are shown in 
table 148. 

TABLE 148. TIXAL POPULATION OFCOLOMIA. ACCORDING TO ITS CENSUSES 

15 June 1905 ............. 
............. 5 Mar. 1912 
.............. 14 Oct. 1918 

17 Nov. 1928 ..........? 
5 June 1938 ............. 
9 May 195 1 .............. 

.............. I5 July 1964 
24 Oct. 1973 .............. 

Tlrs~e 149. POWLATION BY AGE GROUP AND SEX, COU)MBI& 195 1 
( H w d d )  

""6- xda .F#b 
@) (3) 

0-1 ................................... 2 097 2009 
14 ................................... 7 416 7 209 
5-9-, --...... , ................ 7 944 7 690 

10-14 - ................................. 6 841 6 578 
15-19.. ................................. 5 451 6 054 
20-24 ................................... 5 324 5506 
25-29 - ............................... 4 093 4 472 
30.34 .................................. 3 423 3 373 
35-39 - ......... 1 ..................... 3 176 3 342 
4044 ................... w .............. 2 485 2 398 
4549 ................................... 1 936 1 967 
50-54 ... " .............................. 1 831 1 756 
55-59" ................................ 1 104 1 057 
6064 ......................... - ........ 1 073 1 169 
65-69 ., .............................. 615 633 
70-74 ........... - ...................... 460 572 
75-79 -.- .............................. 238 274 

b(x) values for the two sexes imply that the male age 
distribution may be more reliably recorded. In particu- 
lar, b(l5) for males is representative of the sequence of 
the male b(x ) values, while b(I5) for females is a rela- 
tively low point in the female b(x) sequence. In these 
circumstances, two sets of estimates should be con- 
structed in an actual application, the conventionally 
recommended combination of C(15) for both sexes 
combined and r ,  and an alternative that may, in this 
instance, be more valid: using C(15) for males and r for 
both sexes. However, sina the purpose of presenting 
here the detailed calculations is illustrative, only the 
former procedure is applied. 

Step 1: caldhtion ~ m ~ p r o p o m m o n  un&r agr 15. 
Using the data given in table 149, one finds that 

Table 149 shows the population by five-year age 
group and sex as enumerated by the 1951 census of 
Colombia, and table 150 shows the cumulated propor- 
tions, C(x), at five-year intervals and the values of b(x) 
estimated as described in subsection B.3 using the 
female, West model stable populations of mortality level 
13 as reference set. The values of b(x) for each sex are 
plotted in figure 20. Both sequences are remarkably 
level, supporting the belief that the age distribution 
closely approximates that of a stable population. The 
female b(x) sequence is less perfectly horizontal, rising 
slightly from relatively low values at 5, 10 and 15 to a 
slightly higher plateau from 25 to 50. The sequences of 

and 

Hence 

The quivalent value for males only is C, (IS)= 0.4355. 
Step 2: arrliwhtion I# htemnsol p w t k  rate. The 

growth rate prior to 1951 is taken as qua1 to the inter- 
censal rate of increase observed between 1938 and 195 1. 
The growth rates implied by the change in population 



Figwe 20. Squaws dbtfth-mte crtiutcr, b(x), &cd tmm tauk, 
West model lPWc papatadom d Ievd 13, CokaWa, 1951 

l a =  40 c-.c---(c.-~ 
Females 

TABLE 1%. CUMULATED IRO~ORTION UND~R AOE r FOR MALES AND (set step 2 in subsection D.3); the average annual 
~~~ AND cmmeswNDSNO M* IN - *IU: growth rate during the 1938-5 1 period, for example, is 
LATIONS WEST MODEL, FEMALES, LEVEL 13; COLOMBIA, 195 1 

size between each pair of consecutive censuses arc 
shown in column (5) of table 148. Equation (D.l) was 
used in every instance to calculate these rates of growth 

Note that the length of the intcrcensal interval is cal- 
culated in years, so that months and days appear as 
decimal portions of a yeq. It is important to express 
time-points with these decimal portions, since rounding 
the length of intercensal periods to an integer number of 
years may have quite a large impact on the estimated 
growth rate. 

The growth rates displayed in table 148 are far from 
being constant or coherent, the rate for the period 1928- 
1938 being especially out of line with the others. Since 
the results of the 1928 census were rejected by the 
Colombian Congress d6e to their poor quality, it is not 
surprising to find that the growth rates calculated using 
its results a n  suspect. In fact, the 1928 census should be 
ignored and a growth rate for the period 1918-1938 



should be obtained on the basis of the information 
yielded by the 1918 and 1938 censuses. Thus, 

If this value were placed in column (5) instead of 
those calculated on the basis of the faulty 1928 informa- 
tion, the growth rates observed from 1912 to 1951 would 
be fairly similar. In these circumstances, it seems rea- 
sonable to accept the 1951 Colombian population as 
approximately stable, with an annual rate of increase of 
0.0219. 

Step 3: i&ntification of the stable poplation with propor- 
tion d r  age 15 Md growth rate equal to those of the 
~ e d p o p d a t i o n .  The process of identification is fairly 
simple and is carried out only once in detail. Even 
though, strictly speaking, model stable populations 
derived from life tables refemng to both sexes combined 
should be used as the basii for identification, the use of 
those refemng to only one sex is expedient and fairly 
satisfactory. The proportion under age 15, C(15), for 
both sexes combined was calculated in step 1 as 0.4256. 
Since the estimated growth rate is 0.0219, the first task is 
to identify the levels v and 9+ 1 such that, for this growth 
rate, C,(15) is smaller than or equal to the observed 
C(15) and C,+1(15) is greater than or equal to that 
observed. Table IS1 shows how this task is accom- 
plished. As explained in the computational procedure, 
interpolation is carried out first at a given level (say, 8) 
using the estimated rate of growth (0.0219 in this case) in 
order to obtain the value of C(15). This process 
corresponds to interpolating between the rows of table 
151. Then, once the values of C8(15) and 
Cs(15) for r = 0.0219 are available (0.4321 and 0.4244, 
respectively), the level corresponding to the reported 

where 48.18 and 49.75 arc the life expectancy values at 
age 5 for levels 8 and 9, respectively, of the female, West 
model life tables. Note that although the es value 
presented above is obtained from "female" model 
tables, because it is derived from C(15) for both sexes it 
refers to both sexes. However, its accuracy will depend 
upon how well the West mortality pattern for females 
approximates that of both sexes in the observed popula- 
tion; 

(b) &timation of lfe expectancy at birth for both sexes. 
The process followed is identical to that presented 
above, but using eo instead of e5. in this cast, 

Again, this parameter estimate refers to both sexes 
because C(15) corresponds to both sexes. Note that this 
estimate is sensitive to the relationship between child 
and adult mortality; 

(c) Birth mte for both sexes. In the female stable popu- 
lation at levels 8 and 9, respectively, the birth rates con- 
sistent with a growth rate of 0.0219 are calculated by 
interpolation. For example, at level 8, 

At level 9, b9 is 0.04532. Hence, at level 8.84, 

(d) b h  rate for both sexes. The death rate is now 
obtained by subtracting the growth rate from the birth 
rate: 

TABLE 151.  IDENTIFICATION OF THE FEMALE STABLE POPULATION. (e) &ath rate owr age 5. This parameter is obtained 
WEST MODEL CONSISTENT WITH A PROPORTION UNDER AGE 15, C( IS), by following an interpolation process very similar to that 
OF 0.4256 AND A GROWTH RATE. r, OF 0 . 0 2  19, COLOMBIA. 195 1 used in calculating the birth rate. Thus, at level 8, 

w.* nayuy  kul  

on* 8 9 LM da(5 +) = 0.62(0.01467) +0.38(0.01362)= 0.01427. 
k* q.l9 q.l* cy.l>) 
(1) (2) (3) (4) 

0.0200.-.,. ......-.. ............. 0 . 4 1 9 2  0 .41  1 4  At level 9, d9(5 +) =0.0135 1. Hence, at level 8.84, 

C(15) is identified by interpolating along the last row of 
C(15) values shown in table 151. The resulting level is 
8.84. 

Srcp 4: estimation of other &mogqphicparameters. The 
different parameters of interest for a stable population 
growing at an annual rate of 0.0219 and subject to a 
mortality schedule equal to that of level 8.84 of the 
female West model life tables are calculated below: 

(a) lEjrpctation of life at age 5, both sexes. Using 8.84 
as the representative level, e5 may be estimated by inter- 
polating between the e~ values of the female, West 
model life tables at levels 8 and 9. Thus 

( f )  Birth m e  by sex. The birth rate for each sex 
separately may be obtained from that for both sexes if 
the sex ratio at birth, (SRB), and the sex ratio of the 
population, (SRP), are known. In the case of Colombia, 

TABLE 152.  NUMBER OF BAPTISMS. BY SEX AND YEAR OF OCCURRENCE, 
COLOMBIA 1950-1952  



the data on baptisms by sex shown in table 152 imply 
that the sex ratio at birth is 1.054, similar to that 
observed in populations with reliable data. According 
to table 149, the sex ratio of the population is 0.9876. 
Thus, the male birth rate, 6, , is 

and the female birth rate is 

(8) Lkwth rate by sex. Death rates by sex are obtained 
by subtraction, assuming that each sex has the same 
growth rate, r = 0.02 1W. Hence, 

and 

The sex differential implied by these death rates should, 
however, be interpreted with considerable caution. 

5. Gmments on the detailed example 
The estimates of demographic parameters derived in 

this section for Colombia are probably about as good as 
can be obtained given the data available. However, as 
pointed out above, some of these estimates are likely to 
be more reliable than others. Using C(15) and r ,  the 
summary indicators of mortality over age 5 are likely to 
be estimated most reliably. The indicators of overall 
mortality or of fertility should be treated with more cau- 
tion, those estimates whose calculation depends upon 
the sex ratio of the population being regarded as least 
reliable. 



ESTIMATION OF FERTILITY BY REVERSE-SURVIVAL METHODS 

A. BACKGROUND OF METHODS 

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

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

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

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

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

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

TABLE 153. SCHEMATIC GUIDE TO CONTENTS OF CHAPTER VI 11 

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

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

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

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

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

of mother 
Children under age 10 or IS whose 

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

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

Probabilities of child survivorship 
Probabilities of adult female sur- 

vivorship (a life table for fe- 
males) 

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

Nz = No exp( -0.0285(7.5)] 

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

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

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



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

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

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

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

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

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

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

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

C. THE OWN-CHILDREN METHOD OF FERTILITY 
ESTIMATION 

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

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

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

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

Md (-) &ah me 
I 

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

1 ................ 65 362.8 2 614.1 0.0400 an elaboration", Intematioml Popuhtion Con e r n e ,  Likge. 1973 
2.. .............. 56 687.1 2 496.2 1974, vd. 2, pp. 263-280. 
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tabulation" (children by single year of age and single 
year of age of mother) which constitutes the basis of this 
method can only be made if enumerated children are 
linked in some way to their mothers. When the method 
was first proposed, censuses did not usually include a 
direct question making this linkage. It was therefore 
necessary to infer the mother-child link from informa- 
tion on relationship to the head of the household and 
from the compatibility between the age of the presumed 
mother and those of her children. Hence, the traditional 
own-children method involves more than an estimation 
procedure; it also includes a set of criteria to perform 
the mother-child linkage in any given case. Because the 
linkage process falls outside the scope of this Manual 
and because in recent censuses and surveys a direct 
question identifying the mother of each enumerated 
child has often been included (making the linkage 
unnecessary), the matching criteria are not presented 
here. 

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

3. Gmputationalprocedure 
The steps of the computational procedure are given 

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

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

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

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

If one extends the notation used so that 

equation (C.l) can be rewritten as 

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

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

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

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

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

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

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



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

Nmh mdrl 

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

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

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

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



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

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

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

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

or, equivalently, 

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

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

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

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

M 

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

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

.v ='I 

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



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

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

TOTAL 

' Age of mother could not be determined . 

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

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

application of the ownchildren method of fertility esti- 

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

and 

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

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

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

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

and 

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

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

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

so that 

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



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

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

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

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

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

so that 

and 

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

= 0.9478. 

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

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

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

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

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

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

Equation: S = al + blq(l) 

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

a16= 0.0012 and 1.0015; 

an = -0.0787 and /In = 1.0218. 

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



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

and 

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

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

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

so that 

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

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

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

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



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

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

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

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

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

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

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



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

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

and then to compute their average as 

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

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

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

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

14+5i 

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

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

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

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

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

and 

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

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

A. BACKGROUND OF METHODS 

1. Use ofa sequence ofppulation age dt'stributions 
The value for demographic estimation purposes of 

having basically similar information about a population 
for two points in time has already been stressed, for 
example, in the discussion of the use of overlapping fer- 
tility estimates based on reverse-survival techniques 
(chapter VIII) and in the sections dealing with 
hypothetical-cohort methods (see chapters 11, 111 and 
IV). The age and sex distributions from successive 
enumerations of a population also provide a basis for 
estimating intercensal mortality. In a closed population 
with two accurate censuses t years apart, the population 
aged x +t at the second census represents the survivors 
of the population aged x at the first census, so that the 
intercensal survivorship probability from age x to age 
x +t can be calculated. Traditional mortality measures 
can then be obtained from the sequence of survivorship 
probabilities for successive initial ages x . 

This method of mortality estimation from intercensal 
survival is appealingly simple and straightforward, 
requiring only the most basic of census information, 
malting no assumptions about the age pattern of mortal- 
ity, and providing estimates of mortality for a clearly 
defined time period. The trouble is that these advan- 
tages a n  nullified by the requirements that the censuses 
be accurate and that the population be closed. In prac- 
tice, the application of this method very often gives 
disappointing results. Migration can affect a population 
as much as mortality; and, in particular, at young adult 
ages, its influence on population size may be more 
important than that of mortality. Age-misreporting can 
also distort the results severely; a marked preference for 
certain digit endings when declaring age, which will 
introduce considerable variability into the estimated sur- 
vivorship ratios, can be reduced to some extent by the 
use of grouped data, but systematic overreporting or 
undemporting of age can cause insuperable problems. 
Changes in enumeration completeness from one census 
to the other can, if no adjustment is feasible, completely 
swamp the effects of mortality, giving rise to very 
misleading results; indeed, it may be stated without 
exaggeration that, in many cases, intercensal survival 
estimates are better indicators of thz comparability of 
two census enumerations than of the level of intercensal 
mortality. 

Despite these problems, however, it is worth applying 
the method where possible, because if the errors in the 
basic data are not overwhelming, one can obtain useful 

estimates of mortality by using suitable age groups and 
certain smoothing techniques; and even if the data 
errors are severe, the calculated survivorship probabili- 
ties may be useful indicators of the nature of the errors 
involved. 

2. Organization ofthis chqter 
The methods described in this chapter are all based 

essentially on the use of two successive age (and prefer- 
ably sex) distributions of a population. The age disui- 
butions should be obtained from complete enumera- 
tions, because sampling errors would greatly distort the 
results were data from sample surveys used; and the 
population should ideally be closed to migration, failing 
which, one population or the other should be adjusted 
for the effects of net migration. The calculations are 
greatly simplified if the length of the intercensal period 
is an exact multiple of five years, though other periods 
can be accommodated; the period should not, in gen- 
eral, exceed 15 years. The main features of the methods 
available are described below (for data requirements 
and parameters estimated, see table 171): 

Section B. Ertimcrtion of mortality from intercensal sw- 
vivorship probcbilities. The traditional procedure for 
estimating adult mortality from two successive census 
age distributions by calculating cohort survivorship pro- 
babilities for the intercensal period is described. 
Different procedures for smoothing' the calculated 
probabilities, using the Coale-Demeny model life tables 
or the logit life-table system in order to estimate a single 
mortality parameter, are also presented. Variants based 
on cumulated and uncumulated age distributions are 
included; 

Section C. Zntercensal swrivol with d t i o n a l  i n f m -  
tion on the age p t e m  of mortaliy. In a closed popula- 
tion, the proportionate reduction in cohort size from one 
census to another can be compared with the propor- 
tionate reduction expected on the basis of cohort deaths 
as recorded by a vital registration system or retrospective 
survey question. Since the age patterns of the popula- 

I The term "to smooth" is used in this MMWI in its most general 
sense to mean the elimination or minimization of irregularities often 
present in reported data or in prcliminary estimates obtained from 
them.' In thls m s e ,  the set of possible "smoothing techniques" 
encompasses a wide variety of rocedurcs, ranging from the fitting of 
models to simple areraeing. $he traditional smoothin8 techniques 
applied to age distribut~ons and to observed age-spec~fic mortality 
rotes a n  pan of this set, but the do not exhaust it. The somewhat 
mulher p m d u n s  described in tKis M-f a n  necessary because the 
bas~c data available arc both deficient and incomplete. 



TABLE 171. SCHEMATIC GUIDE TO CONTENTS OP CHAPTER IX 

.%liar, 

B. Estimation of mortality 
from intercensal sur- 
vivorship probabilities 

~ l i m m l m t h d  

B.2 Survival ratios for five-year 
age cohorts smoothed by 
using the Coale-Demeny 
life tables 

B.3 Survival ratios for five-year 
age cohorts smoothed by 
using the logit system 

B.4 Survival ratios smoothed by 
cumulation and by using 
the Coale-Demeny life 
tables 

C. Intercensal survival with 
additional information 
on the age pattern of 
mortality 

D. Estimation of a post- 
childhood life table 
from an age distribution 
and intercensal growth 
rates 

7hc 0/iw b a  - 
Population classified by age and 

sex from two censuses IS years 
apart or less. If the intercensal 
period is not an exact multiple of 
five, at least one age distribution 
must be by single years. 

An estimate of net intercensal mi- 
gration 

Population classified by age and 
sex from two censuses IS years 
apart or less. If the intercensal 
period is not an exact multiple of 
five, at least one age distribution 
must be by single years. 

An estimate of child survivorship 
An estimate of net intercensal mi- 

gration 
Population classified by age and 

sex from two censuses IS years 
apart or less. If the intercensal 
period is not a multiple of five. 
at least one age distribution must 
be by single years. 

An estimate of net intercensal mi- 
gration 

Population classified by age and 
sex from two censuses IS years 
apart or less. If the intercensal 
period is not an exact multiple of 
five, at least one age distribution 
must be by single years. 

Registered deaths during the inter- 
censal period classified by age 
and sex 

Estimates of net intercensal migra- 
tion (to adjust raw data, if neces- 
='Y) 

Population classified by age and 
sex from two censuses I5 years 
apart or less. The same age 
classification must be used for 
both populations 

Estimates of net intercensal migra- 
tion (to adjust raw data, if neces- 
saw) 

A life table for the intemnsal 
period from age 10 or so onward 

A life table for the intemnsal 
period from age 10 or so onward 

A life table for the intercensal 
period from age 10 or so onward 

Completeness of coverage of 
recorded deaths with respect to 
the completeness of the first 
census 

Completeness of coverage of the 
first census in relation to that of 
the second 

Estimates of 4, from age 10 or IS 
onward 

tion and of deaths are very different, it is possible to 
disentangle the effects of changes in enumeration com- 
pleteness from undercoverage of deaths. Specifically, if 
enumeration completeness and coverage of deaths do 
not vary with age, at least after childhood, the enumera- 
tion completeness of one census in relation to the other, 
and the completeness of death recording in relation to 
either, can be estimated. The procedure is severely 
affected, however, by systematic age errors; 

Section D. &timation of a post-childhood life table from 
an age distribution and intercensal growth rates. Two 
census enumerations provide the data necessary to cal- 
culate intercensal growth rates for five-year age groups. 
These growth rates can then be used to convert the aver- 
age age distribution from the two censuses into station- 
ary population form, that is, a life-table 5Lx function. 
This method is computationally attractive if the length 
of the intercensal period is not a multiple of five years. 

B. ESTIMATION OF MORTALITY FROM INTERCENSAL 
SURVIVORSHIP PROBABILITIES 

1. h i s  of methodr and their rationale 

The methods described in this section are all based on 
the same, very simple information, namely, the change 
in size of successive age cohorts of a population from 
one census to the next. The methods differ only in the 
ways in which this basic information is smoothed to 
reduce the effects of errors and converted into a mortal- 
ity parameter. Therefore subsections B.3 and 8.4 only 
cover those steps which are different from the steps 
described in subsection 8.2. 

2. Intern& survivorship ratios fw@-year 
age cohorts smoothed uring the Cwlc-lkmmy lye tables 

(a) Dota required 
The data required for this method are two census 



enumerations with populations classified by age and sex. groups (such as 3 - 7.8 - 12 and 13 - 17) centred on 
(Classification by sex is not necessary, but since it is g n -  preferred-digit endings may be used. 
;rally availab1e;it is useful to consider it whenever k s -  

- step j: <wtment/or in;ercenml interval thcv Lt not o* the age reached, is the ex& n&r ofyeors. When the intercensal interval is theoretical limit for the value of the intercensal interval not an exact number of years, a small adjuament r (measured in years), in practice, with intervals longer be made to one population or the other, by moving if 
lhan l5 years the is rarity and the forward or backward in order to the popu- 
calculations ire more lo be changes lation corresponding to the nearest date defining an 
other than those caused by mortality. If t is divisible by interval with an exact number of years and thus to 
five* both age distributions can be 'IaSSified five-~ear remove the slight effect that normal popu~a~ion p w t h  
age group and the first census can be would have on the intercensal survivorship estimates. 
identified at the second census; if t is not a multiple of The intercensal growth rate can be calculated as five, it is convenient to have one of the age distributions 
by single year of age, so that comparable cohorts may be 
constructed. 

(b) Computational procedure where N2 is the total population recorded by the second 
census; N I  is the total population recorded by the first 

The steps the procedure are census; and t is the intercensal period measured in 
described below. years. This growth rate can then be used to move either 
step 1: 4uhlentfor inte rned  mgmtion ter- the first or second age distribution over the required 

*ton'(Il cowrage. substantial net migration during the length of time. If the decimal portion of r is less than 
intemensal period will generally render the method of 0.5, the interval should be shortened to t exact years, 
intemensal survival unusable. ~ ~ ~ ~ ~ h ~ l ~ ~ ~ ,  if it is possi- whereas if it is greater than 0.5, the interval should be 
ble to ad,ust one age distribution or the other on an lengthened to t + 1 exact years. If the decimal portion of 
age-specific basis for the eflecb of migntion, the t is denoted by $e interval a n  be shortened to t 

method may be applied after such adjustment has been Yea" either each age group at the 
made. However, it is most unusual for adequate infor- a exHrzl Or m u l t i ~ l ~ i n g  each age 
mation about migration to be available, and no general gmUp at the census a factor  ex^[ -rz 1. The 
proceduns for canying out an ad,ustment can be interval can be lengthened either by multiplying each 
expounded here.  problem^ introduced by changes in age bmup at the first census a factor ex~[r(z - la0)] Or 

temtorial coverage may not be quite so serious. By the by multiplying each age group at the second census by a 
judicious aggregation of subnational information from factor exp[r(l.O-z)l. 

one census or the other, it is usually possible to arrive at Step 4: calculation of cohort survivorship ratios. Cohort 
age distributions for comparable populations. No gen- survivorship probabilities or ratios during the intercensal 
era1 procedures for so doing need to be stated, however, period, denoted by , SXqx + 5 ,  can now be calculated by 
beyond pointing out the necessity of making suitable dividing the cohort size at the second census by its size 
adjustments if changes in territorial coverage have at the first census. These survivorship ratios approxi- 
occurred. mate life-table (or stationary-population) survivorship 

probabilities, provided the effects of deviations of the 
'lrp ': p V i n d  ddbtafrom Ma ceMues cohort' actual age distribution within coho* from that 

Simp1e intercensal "lvival Mhniques generally disre- corresponding to the stationary population are small (as 
gard the effects of age distribution within cohort group- is usually the caw). Thus, ings, assuming in effect that the population is distributed 
within each age group in the same way as if it were a 
stationary or life-table population. As a result of this ~ S X . ~ + ~ = ~ N , Z + , / ~ N , I = ~ L X + ~ / ~ L X  

simplifying assumption, the width of the cohorts should 
not be too large (probably not more than five years). where t is the adjusted length. of the intercensal interval 
Groupings that are five years in size are also convenient after applying step 3; 5Nxi is the population aged from x 
because most model life-table systems are tabulated for to x +4 enumerated by the first census; and sN;+, is the 
five-year age groups, though other intervals can be used population aged from x +t to x +t +4 enumerated by 
if necessary. If the intercensal interval t is divisible by the second Ct~sus. 
five, conventional five-year age groups from x to x +4 Step 5:fitring ofa Coale-Demeny model life table. The 
at the first census will survive to become convectional consistency of the cohort survivorship ratios calculated 
five-year age groups from x +t to x +t +4 at the second in step 4 may be conveniently examined by finding the 
census; and no regrouping is required. If t is not divisi- mortality level, in the Coale-Demeny model life tables, 
ble by five, a single-year age distribution from either the to which each ratio corresponds. A best estimate of 
first or the second census can be used in order to create mortality level can then be obtained by discarding any 
groups corresponding to conventional five-year cohorts detectable outliers and basing the estimate on the 
at the other census. In cases where there is substantial remaining levels (by taking their average, for example). 
age-heaping and a danger that it may introduce sys- If the adjusted intercensal period t is divisible by five, 
tematic age exaggeration, unconventional five-year age stationary-population ratios of the type SLx +, /5Lx can 
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be calculated directly for relevant levels of the selected 
regional family of model life tables. If t is not divisible 
by five, however, additional steps become necessary, 
since the Coale and Demeny life tables do not provide 
stationary-population age distributions for non-standard 
age groups. The simplest procedure is to calculate 
stationary-population distributions for non-standard age 
groups simply by weighting adjacent standard five-year 
values by the proportions of the age groups covered. 
Thus, 5L 19, the stationary population aged from 19 to 23, 
covers one fiflh of age group 15-19 and four fifths of age 
group 20-24; it can be approximated as 

In fact, if the I(x) function is linear with age, the 
approximation is exact. 

If somewhat more precision is required, 5Lx +,, values 
can be estimated from tabulated values of I(x ), I(x +5) 
and I(x + 10) using equation (B.l): 

where the coefficients a (n ), b (n ) and c (n ), for n ranging 
from 0 to 4, are calculated by fitting a second-order 
polynomial to the I(x) values. Values of these 
coefficients are shown in table 172. 

Step 6: completion of the Iije table. Intercensal survival 
provides no information about the mortality experience 

TABLE 172. COEFFICIENTS FOR ESTIMATION OF STATIONARY-POPULATION 
AGE DISTRIBUTION, 4,. FOR UNCONVENTIONAL AGE GROUPS 

Estimation equation: 
L,,. = a ( n ) l ( x ) + b ( n ) l ( x  +5 )+c (n ) l (x  +lo) - - , .. 

where x  is exactly divisible by five. 

of those born between the censuses, since the first census 
does not provide their initial number (accurate birth 
registration could supply this want, but where births are 
completely registered, better estimates of mortality 
would probably be available from other sources). In 
order to obtain a complete life table, therefore, it is 
necessary to supply further information about child 
mortality. The most satisfactory source of such esti- 
mates is information about children ever born and sur- 
viving (see chapter 111). If estimates of this type are 
available, the methods described in chapter VI for link- 
ing estimates of child and adult mortality can be used to 
obtain a complete life table. 

A problei remains, however, if no independent esti- 

mate of child mortality is available. Since the Coale- 
Demeny life-table system has been used in selecting a 
model life table (see step S), the mortality pattern of the 
model used can be adopted by taking the life table asso- 
ciated with the average mortality level of the intercensal 
survival probabilities as representative. 

(c) First detailed example: Panama, 1960-1 970 
The first detailed example illustrates a fairly simple 

case of a 10-year interval and reasonably good age- 
reporting. Population censuses were held in Panama on 
1 1 December 1960 and 10 May 1970. This example 
examines only the intercensal survival of the female 
population, though in a complete study, this analysis 
should be carried out for both males and females. Table 
173 shows the female population enumerated by the two 
censuses classified by five-year age group. 

The computational procedure for this example is . 
given below. 

Step 1: @ustrnent for net intercensal migration and ter- 
ritorial coverape. As no information on intercensal 
migration by i g e  is available, no adjustment can be 
made. No change in territorial coverage occurred 
between 1960 and 1970; therefore, no adjustment for 
coverage is needed. 

Step 2: grouping of data from the two censuses by cohort. 
Because the interval between the two censuses is about 
nine and one-half years, one of the populations has to be 
moved slightly to bring cohorts into alignment. The 
exact interval, 9.41 years, is somewhat closer to nine 
years than 10, so the adjustment for dates would be 
minimized by moving the first population forward 
slightly, or by moving the second one back, to create an 
intercensal period of nine years. However, there is also 
an advantage to working with intervals divisible by five, 
and since the actual interval was only slightly less than 
nine and one-half years, the convenience factor 
outweighs that of a marginal gain in accuracy. Thus, the 
first census will be moved back to approximate the 
female population on 10 May 1960 (the results would be 
precisely the same if the second census were moved for- 
ward to 11 December 1970). Standard five-year age 
groups will therefore define cohorts, and no regrouping 
is required. 

Step 3: mjurtrnent for length of the intercensal interval. 
The total female population in 1960 was 529,767, and in 
1970 it was 704,333; thus, the exponential rate of popu- 
lation growth during the intercensal period 1960-1970 is 

The growth factor k needed to adjust the 1960 popula- 
tion for 0.59 of a year's growth is then obtained as 

Column (3) of table 173 shows the adjusted population. 



TABLE 173. ENUMERATED AND ADJUSTED FEMALE POWLATION IN 1960, ENUMERATED POPULATION IN 1970 
AND COHORT SURVIVORSHIP RATIOS. PANAMA 

 n numerated population adjusted by a factor of 0 
1960. 

Step 4: cdculation ofcohort survivorship mtios. Cohort 
survivorship ratios or probabilities are calculated by 
dividing the number in each cohort at the second census 
by the corresponding number in the same cohort at the 
Brst census, using, of course, the date-adjusted numbep 
in columns (3) and (4) of table 173. Thus, for example, 
the survivors of the cohort aged 20-24 at the first census 
are aged 30-34 at the second census, and the 10-year sur- 
vivorship probability for the cohort, 10S20,24, is calcu- 
lated as 

where SN,' and S N ~ +  10 are the populations aged from x 
to x +4 at the first census and from x +10 to x +14 at 
the time of the second census, respectively. Results for 
all age groups are shown in column (5) of table 173. 
Note that the female population was classified by five- 
year age p u p  only up to age 74, with an open-ended 
age group 75 and over. Since those over 75 in 1970 are 
the survivors of those over 65 in 1960, the last survivor- 
ship ratio is a 10-year survivorship probability for those 
65 and over in 1960. 

Step 5: jirting of a Me-Lkmeny mo&l life table. The 
cohort survivorship ratios given in column (5) of table 
173 show a certain amount of variability; and one ratio 
even has a value that, in the absence of migration, would 
be impossible (greater than 1.0). The fitting of a model 
life table is therefore desirable. The mortality level 
associated with each estimate (excluding those which are 
impossible or out of range) can be found in a family of 
Coale-Demeny model life tables. In the case of 
Panama, the West family is selected as the most suitable. 

It is assumed that the cohort survivorship probabili- 
ties, IOSx, x +4, are equivalent to stationary-population 
survivorship ratios, s& + lo15L. These stationary sur- 

- -- 

1.9823 to move it from 1 1  December 1960 to 10 May 

vivorship probabilities or ratios are not tabulated in the 
Coale-Demeny tables, but their values are shown in the 
second half of annex X (tables 271-278). Table 174 
shows the cohort survivorship ratios (taken from column 
(5) of table 173), the stationary-population survivorship 
ratios (hereafter also called "model ratios") for a range 
of mortality levels of the West family of model life 
tables, and the levels implied by the cohort ratios, 
obtained by interpolating between the model values. 
The interpolation is straightforward: if the cohort ratio 
falls between levels v and v + 1, the interpolated level z is 
found as 

where v and v+l indicate the mortality levels of the 
ratios. If the interval .between the levels to which the 
model ratios correspond is two levels, as shown in table 
174, the term to be added to v has to be multiplied by 
two. 

It will be seen that two of the implied levels shown in 
table 174 are high (above 20) and two are below 14. 
Discarding these outlying values, an estimate of overall 
level can be obtained by averaging the remaining esti- 
mates; in this case, the estimate obtained is 16.1. This 
level is then taken as a best estimate of the level of mor- 
tality after age 10 for females in Panama, on the basis of 
the two census enumerations. 

Step 6: c~pletion of the life table. So far, the level of 
adult mortality has been estimated, but not the level of 
child mortality. If no information is available about 
child mortality, the best that can be done is to assume 
that the adult level also applies in childhood and to 
adopt the complete life table of the estimated level; in 
the case of Panama, this level is 16.1. 



If some information on child mortality is available, 
estimates of adult survivorship obtained from a model 
life table of the estimated level can be linked with the 
independent estimate of survivorship to age 5. In 
chapter 111, the level of female child mortality in 
Panama in the 1960s was estimated to be 18.05 (accord- 
ing to the West model), so a life table at this level is 
adopted up to age 5. Thus, 1(1)=0.9405 and 
1(5)= 0.9165. Probabilities of survival from age 5 
onward are then calculated for level 16.1 and are used to 
extend the life table from age 5, as shown in table 175. 

For comparison purposes, the life-table l ( x )  function, 
which will be generated in subsection 8.3 using the logit 
life-table system, is also included. As can be seen, the 
two life tables are slightly different in detail but very 
similar in broad shape and level. 

(d) Second detailed example: Colombia, 1951 -1 964 
The second detailed example considers a less tidy 

case, where age-misreporting is more extensive and the 
intercensal period is not a convenient multiple of five. 

The computational procedure is described below. 

TABLE 174. DETERMINATION OF THE MORTALITY LEVEL IMPLIED BY EACH COHORT SURVIVORSHIP RhTIO. 
PANAMA. 1960-1970 

Note: Mean level (excluding two lowest and two highest values) = 16.1. 
1 S~~ivorShip ratio in excess of 1.0. 
d65+ 
Not computed. 

TMLE 175. COMPLETION OF AN INTERCENSAL LIFE TABLE USING THE COALE-DEMENY 
MODEL LIFE TMLES, PANAMA, 1960-1970 

Not calculated. 
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Step I:  @wanmt for net intercensal migration and ter- 
rit& cowup. Once again, no basis exists for adjust- 
ing for migration, and no adjustment for territorial cov- 
mgcisneccssary. 

S&p 2: grot@ng of&afhm the tw cmrures by cohort. 
Population censuses were held in Colombia on 9 May 
1951 and on IS July 1964, the intercensal interval thus 
being 13.185 years. Since the population distribution by 
single year of age is available from the 1964 census, 
standard five-year age groups from x to x +4 identified 
at the first census can be reidentified at the second 
census as age groups from x + 13 to x + 17. Thus, sur- 
vivors of those aged 0 4  at the first census are aged 13-17 
yean at the second census. Suitably grouped data for 
the female population, based on a single-year age distri- 
bution for the population enumerated in 1964, are 
shown in columns (2) and (4) of table 176. 

Step 3: Hwnnmt for h g t h  4 the  i n t e m d  i n t e d .  
As the intemnsal interval was 13.185 years, the popula- 
tion enumerated at the second census can be moved 
back 0.185 of a year to improve comparability. The 
total female population in 1964 was 8,869,856, whereas 
that in 1951 was 5,649,250. Thus, the overall growth 
rate of the female population was 

The adjustment factor k for the second census is thus 

Column (5) of table 176 shows the 1964 population sys- 
tematically multiplied by the factor k (constant with 
rcspect to age). 

Stcp 4: cakuwon of cohort su~l~vwrfip mtios. sur- 
vivorship ratios for each cohort are calculated by divid- 

ing the number of survivors at the second census (after 
adjustment) by the corresponding number at the time of 
the first census. Thus, in table 176, the numbers in 
column (5) are divided by the numbers in column (2). 
The results are shown in column (6). Note that the sur- 
vivorship ratios for the first three age groups in 1951 
exceed 1.0, indicating the existence of problems related 
to coverage or to age-reporting. 

Step 5: firing afa W e - h n y  male1 life table. The 
cohort survivorship ratios g&n in column (6) of table 
176 are for five-year cohorts over a period of 13 years. 
Comparable ratios for stationary populations are not 
published in the Coale-Demeny life tables, nor can they 
be calculated directly from information which is pub- 
lished. It is possible to estimate them, but the calcula- 
tions necessary are rather heavy, particularly if the vari- 
ations in level are substantial. Time can be saved by 
finding the approximate mortality level for each cohort 
survivorship ratio and then estimating more accurately 
the model survivorship ratios (refemng to stationary 
populations) for adjacent mortality levels in order to 
perform the final interpolation. 

The first step is to find the approximate mortality level 
to which each cohort ratio corresponds. In the station- 
ary populations, a 13-year survivorship ratio should lie 
almost half-way between the 10-year and 15-year ratios, 
both of which can be calculated directly from the pub- 
lished tables. To give an example, consider the cohort 
aged 40-44 in 1951 whose 13-year survivorship ratio is 
estimated to be 0.7885. By trial and error, one can find 
the approximate level to which this cohort ratio 
corresponds in the West family of model life tables. At 
level 10, the 10-year female survivorship ratio, 
5LU)/SL40, has a value of 235,666/273,7% or 0.8607, 
whereas the 15-year ratio, sLss/sLJo, has a value of 
0.7719. The average of the two, 0.8163, is higher than 
the cohort survivorship ratio, so the approximate mor- 

TABU 176. F m  m W T I O N  BY AGE GROUP. 1951 AND 1964, ADJUSTED FEMALE POPULATION. 1964; 
AND COHORT SURVIVORSHIP RATIOS. COLOMBIA 

- -  . 

Adjusted for tbe difference bctwe.cn the observed intenmad period. 13.185 years. and 13 exact 
Yam 
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tality level of this ratio should be lower. At level 8, the values of 1(30,1(35) and f (40) for level 1 1 as follows: 
equivalent 10-year, 15-year and average survivorship 
ratios are 0.8377,0.7380 and 0.7879, the last value being jLs3 = (-0.017)1(30)+(4.533)1(35) +(0.483)1(40) 
very close to the cohort ratio; hence, level 8 is selected as 
the approximate level for the cohort ratio. Proceeding = (-0.017XO.66224) +(4.533)(0.63 186) + 
in this way, approximate levels for all the cohort ratios 
are estimated. They are shown in column (3) of table (0.483X0.59963) 
I L.L. 
1 1 1 .  

-The next step is to make a more accurate estimate of = 3.14258. 

the 13-year mdel survivorship ratios for the approxi- 
mate kvels determined above. Thus, for the cohort 
aged 15-19 in 195 1, the approximate level is 13, so a 
model survivorship ratio, 5L28/5LIS, is to be calculated 
for level 13. 

The value of SL15 is tabulated in the published tables 
(for West females, level 13, it has the value of 3.89403). 
The constants and equation given in table 172 can be 
used to estimate 5L28. The ?ge range from 28 to 32 is 
covered by the tabulated l(x) values for 25, 30 and 35, 
and n is equal to 28 minus 25, that is, 3. In the West 
female model life table of level 13, 1(25)=0.74769, 
l(30) = 0.72326, and l(35) = 0.69647; thus, 

The model survivorship ratio is then calculated as 

For the next cohort, aged 20-24 in 1951, the approxi- 
mate mortality level is 1 1 ; therefore, the 13-year model 
survivorship ratio, 5L33/5L20, is calculated for level 11. 
The value of jLZ0 is obtained directly from the model 
life tables as 3.51543; that of jL33 is estimated from 

The model survivorship ratio is then calculated as 

Results for each cohort are shown in column (4) of table 
177. Note that for the open-ended cohort, a cruder 
simplification is adopted. The model survivorship ratio 
reqiired can be approximated as 

that is, the stationary population over 78 divided by the 
stationary population over 65. The value for T6j is 
tabulated in the model tables, and T78 can be estimated 
by weighting the values of T7j and Tso in the following 
manner: 

The precision of the estimate for the open-ended inter- 
val need not be high, since the survivorship ratio for the 
open-ended cohort is likely to be distorted anyway by 
age-misreporting and agedistribution effects. 

Once 13-year model survivorship ratios have been 
estimated for each approximate level given in column 
(3). the model survivorship ratio for an adjacent level 
has to be computed in order that the level of the cohort 
survivprship ratio can be found by interpolation. If the 
cohort survivorship ratio exceeds that computed for the 
approximate level, a model ratio should be estimated for 
the next higher mortaFty level; whereas if the cohort 

TABLE 177. STEPS IN ESTIMATION OF THE MORTALITY LEVEL TO WHICH EACH COHORT SURVIVORSHIP RATIO 
CORRESPONDS IN THE WEST MODEL. COLOMBIA. 195 1 - 1%4 

war m&l, I 3 - y ~ l r r * ~  rrvlo 
6*n 13-yrr E t r d  

"gm "* ""M"" rcrclo w " " "  &O *rcl 
Mmakvry 

11) l 2 J  f3J 14) (5) (6) f7J 

Cannot be calculated. 
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ratio is lower than that computed for the approximate 
level, a model ratio should be estimated for the next 
lower level. Thus, for age group 15-19 the cohort ratio, 
13Sls, 19, is 0.9291, whereas the model ratio, 13Ss, 19, for 
the approximate level 13 is 0.925 1. In order to bracket 
the cohort ratio between estimated model ratios, it is 
therefore necessary to compute a model survivorship 
ratio for the next higher level, 14. (Had the cohort ratio 
IsSls, 19 been lower than 0.9251, a model ratio would 
instead have been computed for the next lower level, 
12.) The steps to follow to perform this computation are 
the same as those followed in calculating the model 
ratios corresponding to the approximate levels, except 
that now the adjacent level is used. Thus, in the case at 
hand, the life table of level 14 is used instead of that of 
level 13. The model ratio obtained is 0.9321, and it is 
listed together with all other model ratios corresponding 
to the selected adjacent levels in column (6) of table 177. 
It is worth noting that, in this instance, the cohort sur- 
vivorship ratios a n  generally higher than the model 
ratios corresponding to the approximate levels because 
the method used to select an ,approximate level approxi- 
mates a 12.5-year interval rather than the actual 13-year 
interval. Fortunately, in every case, the cohort ratio was 
less than one level away from the first approximation 
selected. 

The last step consists of interpolating between the 
model ratios for the approximate and adjacent levels in 
order to find the mortality level of the cohort ratio. As 
always, the amount to be added to the lower mortality 
level is equal to the difference between the cohort sur- 
vivorship ratio and the model ratio comsponding to the 
lower mortality level, divided by the difference between 
the model ratios corresponding to the higher and lower 
mortality levels. Thus, if v is the lower mortality level, 
z(x) is the estimated level and v+ I is the upper level, 

implausibly high survivorship ratios, the cohort aged 
55-59 in 1951, whose survivors include the number 
heaped on age 70, and the cohort corresponding to the 
openended interval (65 and over), whose survivors a n  
probably inflated by age exaggeration. In order to 
obtain some overall average estimate of intercensal mor- 
tality, these five cases should be excluded; and to bal- 
ance their exclusion, the five lowest levels should also be 
disregarded. Such Draconian elimination leaves as the 
only "acceptable" estimates the set 13.6, 16.1, 14.4 and 
19.8, the average of which is 16.0. However, because of 
the fairly wide range of levels covered by these esti- 
mates, their average cannot be considered a reliable 
indicator of intercensal mortality. 

To conclude, note that no independent information 
on child mortality is available for the period 195 1-1964, 
so that if the average mortality level estimated above 
were reliable, a life table could only be completed by 
assuming that the mortality pattern embodied in the 
model used (West) adequately represents that experi- 
enced by the population being studied (in terms of both 
adult and child mortality). 

3. Intemnsal swrivomhip ratios for jve-year age 
cohorts smoothed by use ofthe logit system 

(a) m a  mquired 
The data required for this method are listed below: 
(a) Two census enumerations separated by t years 

with populations classified by five-year age group (and 
sex); 

(b) An independent estimate of child mortality. Such 
estimates are generally derived from information on 
children ever born and children surviving analysed 
according to the procedures described in chapter 111. 

~ t a t i o & t p m m i i m  
The steps of the computational procedure are 

described below. 

so that, for the cohort aged 15-19 in 195 1, Step 1-4. These steps, by which cohort survivorship 
ratios analogous to those for a stationary population, 
5L+t 15L,  are calculated, are identical to those z(15)= +(0.929 -0'9251)/(0'932 -0'925 
debbed  in subsection B3@) and are not rrpclted 

= 13.57. here. 
Step 5: swamthing cohort survivorship ratios by ure of the 

Complete results, rounded to one decimal place, are logit lifc-table system. Somewhat more flexibility in the 
shown in column (7) of table 177. model pattern of mortality used can be introduced by 

Step 6: amyktion ofthe lij.2 table. The life table may smoothing through the logit life-table system (we 
be completed by adding information on child mortality chapter 1, subsection B.4). The cohort survivorship 
in exactly the same way as for the example for Panama. ratios, analogous to SL +I /5Lx, are transformed into 
However, the results obtained in step 5 are so erratic that estimates of SL +I by multiplying each by the 
they require some comment. For the first three cohorts, corresponding 5 L  ; the first value or values of 5 k  are 
more survivors were recorded in 1964 than had been estimated on the basis of information about child mor- 
enumerated in 195 1. It is probable that two factors were tality, and subsequent values are obtained from previous 
mainly responsible for this outcome: the general ten- estimates of sL The calculations thus form a chain: 
dency to underenumerate young children or to exag- the first value of 5Lx +t is calculated by assuming a value 
gerate their ages; and the tendency to shift the ages of of 5Lo; and if t is greater than 5, the second value of 
women into the peak reproductive years from either 5 k + t  can be obtained by assuming a value of 5L5; but 
side. The first factor would reduce the initial numbers in once x is greater than t ,  the denominators 5 L  will be 
the cohorts, and the second would increase the apparent provided by earlier estimates of 5 L  +i . 
numbers of survivors. Two older cohorts also show Once a series of 5L +I values has been obtained, it is 
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assumed that the proportion of the stationary population 
aged from x +t to x +t +5 approximates the probabil- 
ity of surviving from birth to age y = x +t +2.5, 
I(x +t +2.5). The logit transformations of each of these 
ICy) estimates can then be calculated and compared 
with the logit transformations of equivalent values 
derived from an appropriate standard life table. Then, 
the a and f l  parameters defining the linear relationship 
between the logit transformations of the estimated and 
the standard survivorship probabilities can be estimated 
by using a suitable line-fitting procedure, and a com- 
plete I(x) survivorship function can be generated. It 
must be noted, however, that for childhood ages the I(x) 
values generated in this way will not, in general, coin- 
cide with those used as input in applying the method. 
The magnitude of the differences between the input and 
output child mortality estimates depends, among other 
things, upon the appropriateness of the mortality pattern 
used as standard and upon the quality of the intercensal 
survivorship estimates. If the magnitude of such 
differences is unacceptably large, the use of a different 
standard should be considered. When changes in the 
standard fail to reduce the differences observed, one 
may either have to discard entirely the intercensal life 
table or one may adopt a life table built by linking in a 
manner similar to that described in step 6 in subsection 
B.2(b), the child mortality estimates used as input with 
the estimated I(x ) values over age 10. 

period for the estimates derived from information per- 
taining to women aged from 30-34 to 45-49 effectively 
covers the intercensal period 1960-1970 (see table 55). 
The average female mortality level for this period is 
18.05 in the West family of model life tables. For level 
18, 1Lo is 0.95377 and 4LI is 3.69742; for level 19, the 
corresponding values are 0.96004 and 3.75407. There- 
fore, interpolating linearly, 

and 

Interpolating in a similar fashion for 5Li8.O5, 

The chaining of survivorship probabilities can then 
begin. It is assumed that 

so 
(c) First detailed exmnple: Pawma, 1960-1 970 

The computational procedure for this example is 
1 

1(12.5)= ~ ( I o S O ,  rW5Lo) 
described below. 

and 
Step 1 4 .  These steps have already been presented in 

subsection B.2(c). 5L = 5.0 I(x +2.5) forx = 10, 15, ..., 60. 

Step 5: moothing cohort survivorship ratios by use of the 
logit I#-table ystem. The starting-point of this smooth- 
ing procedure is the cohort survivorship ratios shown in 
column (5) of table 173. It is assumed that a cohort sur- 
vivorship ratio approximates a life-table survival proba- 
bility from the central age of the cohort at the first 
census to its central age at the second census. In the case 
in hand, therefore, it is assumed that 

The one age group for which 5.0[1(x +2.5)] is not an 
adequate approximation to 5L is group 0-4. If esti- 
mates of 1(2), l(3) and l(5) are available from child sur- 
vival data, the mortality levels associated with these 
three estimates in a selected family of Coale-Demeny 

- model life tables can be averaged; and the value of 5L0 
for that level, sex and family can be read off from the 
relevant table. If an estimate of 5L5 is required, it 
should be taken also from this model table. 

In the case of Panama, no information relevant to the 
estimation of child mortality was collected by either the 
1960 or the 1970 census. However, child mortality esti- 
mates are available from the Retrospective Demo- 
graphic Survey conducted in 1976, and the reference 

Table 178 shows the full calculations. 
The essence of the logit life-table system lies in the 

comparison of an estimated I(x) survivorship function 
with a standard I,(x) function on the logit scale (see 
chapter I, subsection B.4). In this case, a Coale-Demeny 
West model life table of level 18 for females has been 
selected as standard on the basis of the child mortality 
estimates available. The I(x) function in the Coale- 
Demeny model life tables is given only for ages 0, 1, 5, 
10 and so on, whereas for comparison with the estimated 
probabilities, I@) values are required for ages y = 12.5, 
17.5, 22.5 and so on. These values can be obtained by 
averaging the standard I, (x) values for adjacent ages x 
(multiples of five) and then calculating the logit transfor- 
mations of these averages. Thus, to obtain an estimate 
of 1,(12.5), 

Therefore, the logit transformation of the standard at 
12.5, As (12.5), is 



TABLE 178. AWLICATION OF SMOOTHIN0 PROCEDURE BASED ON THE U)<iIT SYDlZM TOTHE 
COHORT SURVIVORSHIP RATIOS FOR THE PERIOD 1960-1970. PANAMA 

Female, level' 18, West model. 
Obtained as described in the text. 
Not computed. 

Note that computing ls(x +2.5) by directly averaging 
l,(x) aild l,(x +5) has an advantage over the use of 
closer approximations, since it is being assumed in the 
case of the estimated l(x) values that 5L is equal to 
5.0(1(x +2.5)). If the l(x) and 1, (x) functions are simi- 
lar, but not linear, between x and x +5, the logit 
transformations of the estimated and the standard ICy) 
values calculated as shown above will still be compar- 
able, but will not refer to exact age x +2.5. Yet, the 
form of their relationship (its linearity and the parame- 
ters that define it) will not be greatly affected. 

Columns (5) and (6) of table 178 show the logit 
transformations of the estimated and standard l(x) 
functions, respectively. The points defined by 
[A, (x ),A(x )] are plotted in figure 2 1. It can be seen that 
these points follow a generally linear trend, though there 
a n  outliers, notably the point associated with the cohort 
aged 10-14 in 1960, which had an apparent survivorship 
ratio from 1960 to 1970 greater than 1.0. A straight line 
has been fitted to the points by using group means (see 
chapter V, subsection C.4). This line has a slope of 
1.022 (an estimate of B in the logit system) and an inter- 
cept of 0.094 (an estimate of a in the logit system). The 
intercensal cohort survivorship probabilities thus indi- 
cate an age pattern of mortality similar to that of the 
standard, since 4 is roughly equal to one, but an overall 
level of mortality somewhat heavier than that of the 
standard, since a is slightly larger than zero. 

A complete life table can now be calculated by invert- 
ing the logit transformation estimated by means of a 
and B. Thus, 

and 

The results obtained in this case are shown in column (7) 
of table 175. Note that, as mentioned earlier, the child 
mortality estimates obtained by this procedure differ 
from those used as input (the latter are shown as l(1) 
and l(5) in column (6) of table 175). In terms of infant 
mortality, for example, the logit estimate is l(1) = 
0.9323, while the value. used as input is 0.9405 

Figure 21. Plot of tbe logit tmmfomution of the estimated survivor- 
sbp luaetbq I@), against that of tbe standard West model for fe 
mh, level 18 Panama 



(corresponding to level 18.05 in the Coale-Demeny West 
models for females). Hence, whereas according to the 
life table generated by using the logit system, some 68 
out of every 1,000 births die before reaching age one, 
according to the estimates derived from data on children 
ever born and surviving, about 60 deaths per 1,000 
births are expected. If the latter estimate were correct, 
the one obtained through the logit fit overestimates 
infant mortality by about 13 per cent. This outcome is 
due to the fact that intercensal adult mortality is sub- 
stantially higher than the child mortality used as input in 
terms of the West mortality pattern. In the case of 
Panama during the period 1960-1970, the fairly low 
child mortality estimates derived from reports of dder 
women are likely to be biased downward. Therefore, 
the estimates yielded by the logit fit are probably accept- 
able. 

It should also be pointed out that the chaining of sur- 
vivorship ratios used in this procedure introduces a sub- 
stantial element of smoothing into the results even 
before the smoothing action of the logit system is intro- 
duced. Each link in the chain depends upon one or 
more of the earlier links, and each l(x + 2.5) estimate is 
determined both by an earlier estimate of 1 (x  -7.5) and 
by the intercensal cohort survivorship probability 
IOSx-lo,r -6. Thus, the final estimates yielded by this 
procedure are likely to be smoother than those obtained 
directly from each survivorship probability, as was done 
in subsection B.2(c). 

(d) Sccond &tailed example: Colombiq 1951 -1964 
The computational procedure for this example is 

described below. 
Steps 14. These steps have already been covered in 

subsection B.2(d). Therefore, this example begins with 
the application of this procedure once the 13-year cohort 
survivorship ratios shown in table 176 are available. 

Step 5: smoothing the cohort survivorship ratios by use of 
the logit lifc-table system. To use the smoothing pro- 
cedure based on the logit system, it is necessary to have 
some estimate of child mortality in order to begin the 
chaining of survivorship probabilities. A recent study by 
~omoza? based on the results of the Colombian 
National Fertility Survey (part of the World Fertility 
Survey), found that mortality among female children 
born during the period 1941-1959 could be approxi- 
mated by level 14.5 of the West model life tables; for 
female children born during the period 1960-1967, the 
same procedure yielded a level of 16.2. Therefore, it is 
estimated that, for the intercensal period 195 1 - 1964, 
female child mortality was, on average, equal to that of 
level 15.35 (the arithmetic average of the two levels 
estimated by Somoza). For this level, 5L0 is equal to 
4.4699, 5L5 to 4.3076 and to 4.2508, these values 
being obtained by interpolating linearly between the 
tabulated values for levels 15 and 16, respectively. 

J e L. Somom. llhatmtiiw A+'? I ow and ChiU Mmaliy in a, Wodd Fertility Sumy !henttfic% n No. I0 (Voorburg. 
The Hague, International Sutistiluul Institute; 1% 

The first cohort survivorship ratio, 13S0,4, is regarded 
as being equivalent to the ratio 5L13/5L0. Therefore, 
multiplying by the assumed value of sLo, one obtains an 
estimate of 

Similar calculations for 5LI8 and 5LU give results of 
4.5105 and 4.3422, using the assumed values of 5L5 and 
5L10, respectively. The next survivorship ratio, 13SIS,19, 
is regarded as equivalent to 5L28/5L15, but no value has 
been assumed for 5L15, which therefore has to be 
estimated. Estimates of 5L13 and 5L have already been 
obtained, and 5L15 can be estimated from them by 
weighting them suitably. The age interval from 13 to 17 
shares three years, or 60 per cent, with age group 15-19; 
and the interval from 18 to 22 shares two years, or 40 per 
cent, with age group 15-19. An estimate of 5L15 can 
therefore be obtained by summing 60 per cent of 5L13 
and 40 per cent ofsL18: 

An estimate of 5L20 can be obtained in a similar way 
from the estimated values of 5L and 5L23 : 

These values of 5L15 and SL20 can now be used to esti- 
mate 5L2S and 5L33 from the cohort survivorship ratios 
13S15,19 and 13820,24, whereupon the values of 5L23r 5L28 
and 5L33 can be used to estimate 5L25 and 5LU), which 
can in turn be used to estimate and 5L43 from the 
cohort survivorship ratios 13S25.29 and 13Sm,34, and so on 
until all but the last of the cohort ratios have been used 
(the last ratio, for the open-ended cohort aged 65 and 
over in 1951, cannot be equated with an, L, value and 
therefore cannot be used). The results of the various sets 
of calculations are shown in table 179. 

It is assumed that the probability of surviving from 
birth to the mid-point of each age group can be approxi- 
mated by one fifth of the 5Lx values. That is, 

Column (5) of table 179 shows estimates of gLx for 
values of x of 13, 18, 23, 28 and so on up to 73. Each 
can be divided by five to estimate values of I(x +2.5), or 
survival probabilities from birth to ages 15.5, 20.5, 25.5 
and so forth up to 75.5. Thus, for example, 1(20.5), is 
estimated as 

Full results are shown in column (6) of table 179. 
The final stage of the smoothing process is the com- 

parison of the logit transformations of the estimated sur- 



'I'ABLE 179. SMOOTHING OF FEMALE COHORT SURVIVORSHIP RATIOS BY USE OF THE 
LOGIT LIFE-TABLE SYnEM. COLOMBIA. 195 1- 1964 

Females, West model of level IS. Obtained independently from child mortality estimates for the period. 

vivorship probabilities (equivalent to the stationary 
population at exact ages) with those of an adequate 
standard. The logit transformations of the I(x) values 
shown in column (6) of table 179 are easily calculated; 
for instance, for l(20.5). 

The full set of h(x) values is shown in column (7) of 
table 179. The selection of a suitable standard and the 
calculation of I,(x) values that match the estimated 
values present a problem, however, since the life tables 
published in the Code-Demeny set do not include the 
values of x required in this case. Estimates of I,(x) 
must be obtained for x = 15.5, 20.5 and so on, so that 
they may be compared with the estimated I(x) function 
on the logit scale. In this application, a West model life 
table of level I5 for females has been adopted as stand- 
ard. The required estimates of I, (x) are obtained by in- 
terpolating linearly between the published I, (y ) values. 
Thus, for x = 15.5, 

The logit transformations of these I, ( x )  values are calcu- 
lated next, the results being shown in column (8) of table 
179. The logit transformations of the estimated and 
standard I(x) functions are plotted one against the other 
in figure 22. The resulting points fluctuate substantially, 
that for the cohort aged 0-4 in 1951 being particularly 
divergent and the remainder following a broadly linear 
trend. The straight line shown in the figure has been 

fitted by group means (see chapter V, subsection C.4) 
calculated on the basis of all the points except the first; it 
has an intercept (a) of -0.03 and a slope @) of 1.32, indi- 
cating that the level of mortality in the population in 
question is similar to that of the standard, but that 
observed mortality increases much more rapidly with 
age than it does in the standard. However, little 
confidence can be placed in the final results, given that 
the slope of the line is heavily affected by points refer- 
ring to young women for whom age-reporting and cov- 
erage errors are substantial. The chaining process used 
by this smoothing procedure reduces the independence 
of the estimates derived from different cohorts, thus 
increasing the possibility of serious biases in the slope of 
the fitted line. Because of these problems, the calcula- 
tion of a final life table is omitted. If desired, it would be 
calculated just as explained in step 5 of subsection 
B.3(c). 

4. Zntercensol rhortoliry estimated by using 
projection and cumulotion 

(a) Ceneral characteristics of method 
Some of the effects of age-misreporting on intercensal 

mortality estimates can be eliminated by the use of 
cumulation. Irrstead of calculating survivorship ratios 
for cohorts, the initial population is projected forward to 
the date of the second census using a range of mortality 
levels. For each mortality level, the projected popula- 
tion over ages x from 10 or 15 to 50 or 55 is obtained by 
cumulation, and the observed population at the second 
census, N2(x+), is used to interpolate within the pro- 
jected values in order to determine the mortality level 
consistent with it. In this way, the effects of age- 
misreporting at the second census are limited to the 
effects of transfers across each age boundary x . Unfor- 
tunately, the effects of age-misreporting in the initial age 
distribution are not reduced. 



lt should be noted in passing that there is no theoreti- 
cal reason to prefer the forward projection of the first 
age distribution to make it comparable to the second age 
distribution over the reverse projection of the second age 
distribution to make it comparable to the first. The two 
procedures may, however, be expected to give somewhat 
different results because of different errors in the two 
distributions. The analyst might wish to carry out the 
calcuia@ons both ways, compare them and possibly 
obtain a final estimate by averaging the two results; but 
this discussion is confined to the description of the usual 
forward-projection procedure. Backward projection is 
camed out in an analogous way. 

Flgwe 22. Plot ofthe logit mdomution oltbe estimated suwivdlp function, I @ ) ,  
against that of the standard, West model for females, level 15; Colombia 

(b) Ikta-nd 
The only data required arc two census enumerations 

separated by t years with populations classified by age 
and sex. 
(c) Compctafiomlptvcedue 

The steps of the computational procedure are 
described below. 

Steps 1-3. These steps, by which two comparable age 
distributions for time-points separated by an exact 
number of years are obtained, are identical to those 
described in subsection B.2(b) and are not repeated 
here. 
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4: cundation of the mond age rb'sttibution. The 
ap % 'bution from the first census is not cumulated, 
but the second age distribution is cumulated by summa- 
tion from the uppermost age group downward. The 
ages above which populations should be cumulated will 
depend upon the intercensal interval t; normally, the 
oldest initial population that should be used is the popu- 
lation aged 45 and over at the first census, and this 
population will be aged 45+ t and over at the second 
census; the next age group will be aged 40+ t and over, 
the next 35 + t and over, and so on. 

Step 5: pmjection of initial population with diflemnt mor- 
tality l e d .  A suitable family of Coale-Demeny model 
life tables is selected, and life tables from different levels 
are used to project the initial population, five-year age 
group by five-year age group. If the intercensal interval 
is t years, and the initial population aged from x to 
x + 4 is 5N 1,. the population projected by using level v 
of the life tables, 5NP,'+,, is given by: 

where sG and 5L'+, come from a model life table of 
level v. If t is not a multiple of five, values of can 
be estimated by using the technique described in step 5 
of subsection B.2(b). Each age group has to be pro- 
jected using several levels v, and the populations over 
each age x + t are then obtained by cumulation. The 
observed population aged x + t and over at the time of 
the second census, N2((x + t)+), is then used to deter- 
mine the level consistent with it by interpolating linearly 
between the projected estimates NP'((x + t)+). Once 
mortality levels have been determined in this way for 
each initial age x = 5, 10, 15, ..., 45, the median of these 
levels can be used as an estimate of adult mortality dur- 
ing the intercensal period. 

(d) A &IrnImledexa?npIe: Panama 1960-1 970 
The steps of the computational procedure are 

described below. 
Steps 1-3. These steps have already been performed 

in subsection B.3(c) and need not be repeated here. 
Therefore, the starting-point of this example is the 1960 
and 1970 female age distributions for Panama given in 
columns (3) and (4), respectively, of table 173. 

Step 4: cumulatr'on of the second age rb'stribution. The 
Coale-Demeny model life tables tabulate the 
stationary-population function, 5&, only up to age 80, 
the Bnal category being the stationary population aged 
80 and over. For a 10-year survival period, therefore, 
the highest age group for which a model survivorship 
ratio can be calculated is the initial open-ended age 
group 70 and over. The initial age distribution therefore 
needs to be tabulated by five-year age group up to age 
group 65-69, with the last age group being 70 and over. 
For the, final age distribution, however, less detail is 
required, since the highest initial age group to be used is 
that aged 45 and over. Thus, the final population in 
1970 is required in age groups 55 + (survivors of the ini- 
tial population aged 45 and over, SO+, 45 + and so on 

down to 15 + (survivors of the initial population aged 5 
and over). The easiest way to cumulate the age distribu- 
tion is to begin with the number observed in the oldest 
age group and add in successively the number 
correspondirig to the age group immediately below it. 
Thus, given the 1970 age distribution in column (4) of 
table 173, the population over age x ,  N2(x +), is calcu- 
lated as 

where 5N2, is the population aged from x to x + 4 in 
1970. For example, for x = 75, 

and for x = 70, 

Then for x = 65, 

Full results are shown in column (1 5 )  of table 180. 
Step 5: projection of initial population with &flerenf mor- 

tality levels. For a 10-year intercensal interval, the pro- 
bability of surviving from the age group from x to x + 4 
to the age group from x + 10 to x + 14 is approximated 
by 5LX and such model survivorship ratios can 
be calculated for each level of any family of Coale- 
Demeny model life tables. The last survivorship ratio, 
that for the population aged 70 and over to 80 and over 
10 years later, is approximated as TsO/T70, that is, 
TsO/(SL70 +5L7~ + Tso). In a growing population with an 
age distribution 70 and over that is younger than the 
equivalent stationary population, this model survivor- 
ship ratio is likely to be somewhat lower than the true 
value, but an adjustment would not generally be worth- 
while. Table 174 shows 10-year model survivorship 
probabilities for initial age groups up to 60-64 and for a 
range of mortality levels in the West family of model life 
tables; in order to project the entire population over any 
age, 10-year model survivorship probabilities for the ini- 
tial age groups 65-69 and 70+ need to be added. For 
level 16, for example, 

and 

 lo^#+ = ~g /T# = TJ$ /[5~$ + 5 ~ j ;  +TE] 

In the application of forward projection with cumula- 
tion, then is no alternative to carrying out the calcula- 
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tions for a range of mortality levels. For each mortality 
level r, the projected population of each age group from 
x to x + 5 in 1960, 5NP,'+ 10, is obtained by applying the 
survivorship ratio, 10S:, +) , to the initial population, 
5N 1,. Thus, for age group 15- 19 and mortality level 16, 
the initial population is 53,468, and the survivorship 
probability is 0.9623, so 

whereas for the same age group but at mortality level 22, 

The 1960 population of each five-year age group, 
from 5-9 upward, has been projected forward using sur- 
vivorship probabilities from each mortality level (note 
that in practice it is sufficient to work with steps of two 
levels, that is, to use levels 16, 18, 20 and 22, and not to 
repeat the calculations for the intermediate levels), the 
results being shown in columns (4), (7), (10) and (13) of 
table 180. Each projected population can then be 
cumulated from the oldest age group towards the young- 
est to find the population over ages 55,50,45 and thus 
down to the population over 15. The results for the 
mortality levels being used are shown in columns (5). 
(8). (1 1) and (14) of table 180. The reported populations 
over each of these ages can then be compared with the 
projected populations, and linear interpolation can be 
used to estimate the mortality level implied by each. 
Thus, for instance, the reported population over age 20 
in 1970 is 324,738; the projected population over age 20 
for mortality level 16 (column (5) of table 180) is 
320,549, whereas for mortality level 18 it is 325,721 
(column (8) of table 180). Therefore, the mortality level 
implied by the observed population is obtained as 

where 16 is the level associated with the smaller pro- 
jected population; and the interpolation factor has to be 
multiplied by two because the levels used, 16 and 18, are 
two units apart. Column (15) of table I80 shows the 
cumulated populations observed in 1970, and column 
(16) shows the mortality levels yielding projected popu- 
lations over each age consistent with the observed. 

The mortality levels shown in column (16) are cer- 
tainly less variable than those obtained for individual 
age groups in table 174. However, after four rather con- 
sistent estimates of levels in the range from 16.8 to 17.8 
associated with the populations over 15,20,25 and 30 in 
1970, the estimates show a steady tendency to rise as the 
lower age boundary increases. One possible cause of 
this outcome is that the West mortality pattern is not a 
good representation of adult mortality in Panama, but it 
seems more likely that systematic age-reporting errors 
may be distorting the second age distribution (and prob- 
ably the firsf as well, though the method provides infor- 
mation only about relative differences). In the cir- 
cumstances, the best estimate of mortality level that one. 

can obtain from these data is the average of the first four 
values, 17.4, rather than the median of all the values, 
which is more likely to be affected by the apparent ten- 
dency towards age exaggeration. Note that this value of 
17.4 is substantially higher than the final estimate based 
on individual age groups, 16.1. The level based on 
cumulated data is probably .the better of the two esti- 
mates, although it should be remembered that the 
cumulation procedure is really only applied to the 
second age disthbution, not to the first, so the results are 
still dependent upon the age detail of the initial age dis- 
tribution. The greater consistency of the results 
obtained from cumulated data should not be interpreted 
as necessarily indicating greater accuracy. 

C. INTERCENSAL SURVIVAL WITH ADDITIONAL 
INFORMATION ON THE AGE PATTERN OF MORTALITY 

1. his of method and its rationale 
The two most serious problems affecting intercensal- 

survival techniques are age-misreporting and different 
levels of census coverage. A procedure often used to 
reduce the effects of age-misreponing is cumulation; the 
population over age x is affected only by erroneous 
transfers of people across the boundary x and not by 
errors over or under x .  The second problem, that of 
coverage changes between the first and second censuses, 
can play havoc with mortality estimates derived from 
intercensal survival, since the coverage change will 
appear either as excess deaths (when the second census 
is the less complete) or as a deficiency of deaths (when 
the second census in the more complete). However, a 
change in coverage that is more or less constant by age 
will inflate or deflate intercensal deaths by amounts pro- 
portional to the population at each age, rather than by 
amounts proportional to the number of deaths at each 
age. A change in coverage will therefore have much 
more effect on deaths at younger ages, where there are 
in reality few deaths but large numbers of people, than 
at older ages, where there are many more deaths but 
small numbers of people. 

A technique that is simple to understand but rather 
laborious to apply makes it possible to use what is essen- 
tially an intercensal-survival procedure while employing 
cumulated data and also making allowance for 
differential census coverage.3 The method is based on 
the simple idea that, in a closed population, the number 
of people in a particular age group at a first census 
should be equal to the number of survivors of the same 
cohort at the second census plus the deaths of cohort 
members during the intercensal period. It can be simply 
shown that if the coverages of the first and second cen- 
suses and of intercensal deaths are invariant with age 
and are denoted by C1, C2 and k ,  respectively, then 

S. Preston and K. Hilk "Estimatin the ccmpletcness of death 
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where n is the cohort width in years; r is the length of 
the intercensal period; , N 1, and , N2,+, are the 
enumerated cohort populations at the first and second 
censuses, respectively; and, Dx is the registered number 
of intercensal deaths to the cohort aged from x to x + n 
at the first census. Equation (C.1) defines a straight line 
with slope Cl /k and intercept CI /C2; that is, its slope is 
the completeness of the first census in relation to the 
completeness of death registration and the intercept is 
the completeness of the first census in relation to that of 
the second. The fitting of a straight line to points 
[, N 1, l, N2, +,,, D, /, N2, +,I for different cohorts 
should therefore provide estimates of the relative com- 
pleteness of the two censuses and of the completeness of 
death registration in relation to that of the first census. 

Equation (C.l) is valid for any cohort, be it an initial 
five-year age group, the initial population over some age 
x , or even the population between two ages, x and y , at 
the first census. All that is required is that the range of 
the ratios , N 1, lnN2, +, and . D, l, N2,+, be wide 
enough for the robust estimation of the parameters 
(mainly the slope) of the straight line to be possible. 
Cumulation can therefore be used to reduce the effects 
of some age errors, though the procedure remains sensi- 
tive to systematic age exaggeration on the part of the 
elderly. 

2. &a required 
The data listed below are required for this method: 
[a )  Two census enumerations with populations 

cla'ssified by age (and sex) for two points in -time not 
more that 15 years apart. (It may be necessary that the 
age classification be by single year for at least one census 
if the intercensal interval is not a multiple of five years); 

(b) Information on deaths by age (and sex) for the 
intercensal period; registered deaths for each intercensal 
year can be used but the calculations are lengthy, and 
deaths for every fifth year are adequate. If no informa- 
tion on deaths is available, a model life table can be 
used to supply the deficiency. 

3. Gqmtationalproceabe 
The steps of the computational procedure are 

described below. 
Step I:  aajwtment for net intercertsal migration and ter- 

ritorial coverage. See step 1 in subsection B.2(b). Note, 
however, that before applying this method, intercensal 
deaths should also be adjusted for migration and cover- 
age changes, though if the age pattern of deaths is not 
much affected, the adjustment is not crucial to the final 
mortality estimates. 

Step 2: grouping of &a fm the nu0 censuses by cohort. 
See step 2 in subsection B.2(b). 

Step 3: a@sfment of intercensal intetval that is not an 
exoct number o f p .  See step 3 in subsection B.2(b). 
Step 4(a): cumulation of cohort &athsfiom registration 

h. Registered deaths are normally tabulated by 
calendar year, five-year age group and sex. Given that 
the two censuses being .used probably do not have refer- 
ence dates at the beginning of a year and that a cohort 

will be continually moving across standard five-year age 
groups as it moves through the intercensal period, the 
task of cumulating intercensal cohort deaths is tedious 
and imprecise. Since the value of the information on 
intercensal deaths lies in their age pattern, not in their 
precise overall level, a degree of simplification is in 
order. 

If the first census was held in year a and initial 
cohorts are defined by standard five-year age group, 
deaths to the cohort aged from x to x + 4 in year a over 
the first five years of the intercensal period (that is, 
between a and a + 5) can be approximated by summing 
the deaths in year a to persons aged from x to x + 4 and 
the deaths in year a + 5 to persons aged from x + 5 to 
x + 9, and multiplying the sum by 2.5. Thus, if a, , +4 

denotes, in general, the number of deaths to the cohort 
aged from x to x + 4 at the beginning of the period (that 
is, in year a )  and recorded during year j, and 5& 
denotes the number of deaths to persons aged from x to 
x + 4 in year j , then 

Similar approximations can be applied for a second 
five-year period between a +5 and a + 10: 

Cohort deaths for intercensal periods that are multiples 
of five can therefore be approximated rather simply 
from registered deaths for calendar years five years 
apart. 

The case of an intercensal interval that is not a multi- 
ple of five years is slightly more complicated, but ade- 
quate approximations can be arrived at by suitable 
weighting of registered deaths. If the interval is between 
five and 10 years, cohort deaths for the first five years 
can be approximated as described above using the 
deaths registered in years a and a + 5. Cohort deaths 
over the period from a + 5 to a + t , where t is the length 
of the intercensal interval, are approximated by averag- 
ing the number of deaths recorded in years a + 5 and 
a + t belonging to the appropriate age groups and then 
weighting the averages according to the number of years 
between a + 5 and a + t . Thus, letting 

Values of w (t -5) are shown in table 18 1. 
If the intercensal interval is between 10 and 15 years, 

cohort deaths for the first 10 years can be obtained from 
equations (C.2) and (C.3). Cohort deaths for the extra 
period can then be obtained by using equations (C.4) 



and (C.5) with a + 5 substituted by a + 10, t -5 by These points can then be plotted. Typically, they will be 
r - 10; and x +5 and x + 10 replaced by x + 10 and very erratic, often to the extent that no linear trend can 
x + IS, respectively. The necessary weights can still be be plausibly associated with them. If an examination of 
calculated from table 181 using as point of entry (t - 10) their plot suggests that they do represent a line, its 
years. parameters may be estimated by using group means (see 

chapter V, subsection C.4). The slope can then serve as 

TABLE 181. WEIGHTING FACTORS FOR APPROXIMATION OF 
COHORT DEATHS FOR INTERVALS M A T  ARE NOT MULTIPLES OF FIVE 

Step 4(b): approximation of cohort deaths from a model 
life table. If no information is available about the age 
distribution of deaths over the intercensal period, model 
life tables can be used to fill the gap. The exact level of 
mortality is not critical, since the method will estimate 
the "completeness" of death registration; but because 
the age pattern of mortality is important, a model that 
adequately represents the pattern of mortality experi- 
enced by the population being studied and that roughly 
approximates its level should be chosen. 

What is required as input is an estimate of the number 
of deaths occumng to an initial cohort during the inter- 
censal period. The life-table s& function can con- 
veniently be used to synthesize the required number. If 
the intercensal period is five years in length, the number 
of deaths occumng to the cohort aged from x to x + 4 
at the time of the first census is given by 5LX -5& +s; the 
proportion of the initial cohort dying during the period 
is given by (5& -5& +5)/5Lx. In general, for any inter- 
censal interval t , the number of deaths occumng during 
the intercensal interval to the cohort aged from x to 
x + 4 at the first census can be estimated as 

where SN 1, is the population aged from x to x + 4 at 
the time of the first census (year a) .  If r is not a multiple 
of five, values cannot be read directly from the 
Coale-Demeny model life tables, though they can be 
estimated from the tabulated values of l ( x )  for adjacent 
ages that are multiples of five, as described in step 5 of 
subsection B.2(b), using the coefficients and equation 
given in table 172. 

Step S(a): calcuIation and plotting of population and 
death ratios for five-year cohorts. Working with five-year 
age groups, one can calculate the ratios of the cohort 
aged from x to x + 4 at the first census to its survivors t 
years later, 5N 1, 15N2, +, , and of the intercensai deaths 
of its members to its survivors t years later, 

an adjustment factor for the record& number of deaths, 
adjustment that will make them consistent with the cov- 
erage of the first census, while the intercept is an esti- 
mate of the coverage of the first census in relation to that 
of the second. 

Step S(b): calculation anti plotting of  population and 
&ath mtios for open-ended cohorts. Cohorts can also be 
defined in terms of open-ended age intervals, that is, as 
all those of aged x and over at the time of the first 
census; and the ratios Nl(x +)/N2((x + t ) + )  and 
a + r  x g,, /N2((x + r )+) can be calculated for values of 
j = a  
x of 5 ,  10, 15 and so on. Many of the irregularities 
observed in the five-year ratios will be smoothed out by 
this cumulation, and a group mean procedure (see 
chapter V, subsection C.4) can be used to fit a straight 
line to these points. 

Step S(c): dculation and plotting of population and 
&ath ratios for truncated cohorts. It is often useful to 
exploit the advantages of cumulation without using 
information for the elderly, whose age-misreporting may 
be substantial. Therefore, initial cohorts aged between 
x and 60, or x and 65, can be used for values of x that 
are multiples of five. The use of truncated cumulation 
will have a substantial smoothing effect, but the slope of 
the resulting line may be highly sensitive to the upper 
age-limit chosen. 

Step 6: intetpretation of results. Often, selective migra- 
tion, age exaggeration and other reporting problems 
may distort the slope of the fitted line. in such cases, this 
method may not be very useful for mortality estimation 
purposes. The estimate of the intercept, on the other 
hand, appears to be more robust, so that the main value 
of this method lies in the assessment it provides of the 
relative coverage of successive censuses. 

4. A &tailed example 
The method is applied to the case of Panama, 1960- 

1970, since some of the necessary calculations have 
already been made. The steps of the procedure are 
given below. 

Step I :  @ustment for net interceml migration and rer- 
ritorial cowmge. As no basis exists for making the neces- 
sary adjustments, the basic population data used are 
those presented in table 173. Mathb do not require any 
adjustment either. 

Step 2: gmqing of data from the two censuses by cohort. 
This step has been fully described in subsection B.2(c); 
standard five-year age groups in both 1960 and 1970 are 
used to define cohorts, since the intercensal interval is 
approximately 10 years. 

Step 3: 4ustment for length of  the intercensal interval. 
As described in subsection B.2(c), the 1960 female popu- 



TABLE 182. FEMME FOWLATION. 1960 AND 1970; AND REGISTERED DEATHS OF FEMALES. 

1960,1965 AND 1970; BY AGE GROUP. PANAMA 

Adjusted to approximate an intercensal interval of 10 years. 

lation was moved back from the actual census date, 11 
December 1960, to a date exactly 10 years before the 
1970 census, 10 May 1960. Results are shown in column 
(2) of table 182. 

Step 4(a): cumulation of cohort deaths from registration 
&fa. Registered deaths by age and sex are available for 
Panama for 1960, 1965 and 1970; and these data can be 
used to estimate intercensal deaths for each cohort. The 
numbers of female deaths for each year and age group 
are shown in table 182. 

The approximate procedure for estimating cohort 
deaths is too crude to give reasonable results for the 
cohort aged 0-4 in 1960, so the cohort aged 5-9 is the 
starting-point. Deaths occumng over the first five years, 
from mid-1960 to mid-1965, to this cohort are estimated 
as 

Deaths for the cohort aged 5-9 in 1960 over the second 
five years, from mid-1965 to,mid-1970, are estimated as 

Cohort deaths for the 10-year period are then obtained 
by summing the deaths during the two five-year periods: 

The results for each cohort are shown in table 183. The 
only age group that requires special treatment is the 
open-ended interval 65 and over. For the period 1960- 
1965, all the annual deaths of persons over 70 belong to 

this cohort, as do some of the deaths of persons aged 
65-69. The total number of deaths of persons over 70 
during the period 1960-1965 can be estimated by sum- 
ming the deaths over age 70 in 1960 and 1965 and multi- 
plying the sum by 2.5: 

where, as usual, o-70Dj70 denotes the number of deaths 
occurring during year j to persons aged 70 and over. 

For age group 65-69, the average number of deaths 
per annum between 1960 and 1965 is estimated as 
0.5(152+ 174), or 163; and since the cohort aged 65-69 
in 1960 averaged 2.5 years of exposure to the risk of 
dying during the period 1960- 1965, the deaths of persons 
aged 65-69 belonging to that cohort are estimated as 
2.5(163)=407.5 during'that period. Hence, the total 

TABLE 183. ESTIMATED COHORT DEATHS, FEMALE POPULATION. 
PANAMA 1960- 1970 



number of deaths during rbe period 1960-1965 for the Deaths occuning to tbe cohort during the period 1965- 
cohort aged 65 md over in 1960 is 1970 at ages 70-74 can be estimated from the average - 

196) 196s 
annual number of deaths at these ages, 0.5(239+270), 
and the average expure  to risk, 2.5 years, giving 

+ = +w'5 = 496026025' (2.5)(0.5)(239 +270)= 63625. Hence, the deaths occur- j =  1%0 ]= I%0 
ring during the intercensal period to the cohort aged 65 

-(M 1965 and 1970,d the da tb ,  at age 75 .nd and Over at the binning of it are 
over belong to the initial 65 + cohort, as do a proportion lorn 
of the deaths of persons aged 70-74. Deaths at age 75 Z a,, =4,137.5+636.25+4,602.5 
and wer ue estimated as j = ~ w  

1970 = 9,376.25 2 @-7s&s = 2.5~-7@!p' +u-n~+? 
I= 1 % ~  Step 5(a): col&ion and plotting of population and 

&ath mtim for @-yaar cohorts. Ratios of the initial to = 2.5(742 +913)= 4,137.5. the ha1  cohort size, Nl/N2, and of cohort deaths to 
Anal cohort size, D lN2, are calculated for each cohort. 

-23. PkbdcohottpCrlrtk.atkr,Nl/N2,rphstmtkrdeoboltdmths 
over p)rlrtloq D /N2, for v u k r r  types deoeorb 

(b) Cohorts wed X + 

(c) cohorts agot~ from x to 84 
N I I ~  

r 



Thus, for the cohort aged 5-9 in 1960, 

Values for all cohorts are shown in columns (2) and 
(3) of table 184 and are plotted in panel (a) of figure 23. 
The points show a fair amount of variability; and the 
straight line, fitted by group means, is heavily influenced 
by the last three points and does not approximate the 
others very well. The intercept, which estimates tile cov- 
erage of the k t  census in relation to that of the second, 
is 1.0278, suggesting that the 1960 census was some 3 per 

cent more complete than the 1970 census. The slope, 
which estimates the coverage of the first census in rela- 
tion to the completeness of death registration, is 1.0623, 
suggesting that death registration was some 6 per cent 
less complete than the enumeration of the 1960 popula- 
tion. These estimates are by no means unreasonable, 
but the estimate of the slope is sensitive to the fitting 
procedure used; for instance, if the line is fitted by using 
least squares (see chapter V, subsection C.4) the value of 
the.intercept becomes 1.046, not very different from that 
obtained by group means; but the slope is 0.914, a value 
totally different from that associated with the line fitted 
by using group means. Furthermore, the former value is 
rather implausible, because it implies that the coverage 
of deaths is more complete than that of the population. 

TABLE 184. COHORT POPULATION RATIO$ N 1 /N 2, AND RATIOS OF COHORT DWTHS OVER FOPULATION. D /N2, 
FOR DIFFERENT TYPeS OF COHORTS. PANAMA 1960- 1970 
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Step 5(b): col&ion and plotting of population and 
dearh ratios for open-ended cohons. The most convenient 
way to cumulate is to begin with the higher ages and 
work towards younger ones, beginning with the cohort 
aged 65 and over in 1960. In this case, the values of 
N 1, N2 and D are exactly the same as those obtained in 
step *a): 

N l(65 +)/N2(75 +)= 18,403/9,873 = 1.8640 

For the initial cohort aged 60 and over, 

The calculations continue in the same way, adding a 

new age group to the previous sums at each step, until 
the youngest cohort, aged 5-9 in 1960, has been .added 
in. Columns (4) and (5) of table 184 show the ratios 
obtained, which are plotted in panel (b) of figure 23. 

The linearity of the points has been greatly improved 
by the cumulation, and the straight line fits the observa- 
tions quite closely. However, the parameters of the 
line-an intercept of 1.0409 and a slope of 0.9399- 
imply a similar enumeration coverage differential 
between the 1960 and 1970 censuses as that obtained in 
step 5(a), but a quite different coverage of death regis- 
tration, which is now estimated to overrecord deaths, in 
relation to the 1960 census, by some 6 per cent. 

Step 5(c): calculation and plotting of population and 
dearh ratios for truncated cohorts. Cumulations similar to 
those carried out in step 5(b) can also be made so that 
the age groups considered are not entirely open-ended, 
but rather exclude the last one or two age groups. Such 
truncated cumulation can be useful if there is reason to 
suppose that special types of errors affect the oldest age 
groups. Estimates of completeness of death registration 
will then refer to registered adult deaths excluding both 
those at young ages and those at old ages. 



The cumulations are carried out as before. However, 
they begin not with the last, open-ended cohort, but with 
the oldest cohort that one intends to include in the cal- 
culations. In this case, the cohort aged 60-64 in 1960 
was chosen as the upper limit. For this cohort, the ratios 
required are the same as those calculated in step 5(a), in 
which ratios were calculated for individual five-year age 
cohorts. Thus, 

For the cohort aged 55-64 in 1960, 

The cumulations continue downward with age, adding 
the next younger age group each time, until age group 
5-9, the youngest to be used, has been included. The 
resulting ratios are shown in columns (6) and (7) of table 
184 and are plotted in panel (c) of figure 23. 

The plot shows that the degree of linearity of the 
points is somewhere between that in the fully cumulated 
case and that in which no cumulation was used. The 
intercept of the fitted Line is similar to those obtained 
earlier; but the slope is once more quite different, indi- 
cating that registered deaths in the approximate age 
range from 10 to 70 are only about 72 per cent complete 
with respect to the 1960 census coverage. 

D. ESTIMATION OF A POST-CHILDHOOD LIFE TABLE 
FROM AN AGE DISTRIBUTION AND INTERCENSAL 
GROWTH RATES 

1. h i s  of method and its mtionale 
Traditional intercensal survival techniques are greatly 

complicated by intercensal intervals that are not exact 
numbers of years in length or are not multiples of five. 
Furthermore, the application of the method described in 
subsection B.4, which uses cumulation to reduce the 

it is not very sensitive to certain types of age- 
misreporting, particularly heaping., It is also innovative, 
bccause it uses the two census age distributions to esti- 
mate age-s~cific growth rates (rather than cohort sur- 
vivorship probabilities) and then uses these growth rates 
to transform the observed population age structure into 
the equivalent of a stationary-population (life-table) 5Lx 
function. 

Bennett and ~ o r i u c h i ~  show that in any closed popu- 
lation, at a particular time t , the number of persons aged 
y, NV), is qua1 to the number of persons aged 
x ,  N(x), multiplied by the probability of surviving from 
age x to age y, I(v)N(x) measured at time t ,  and by an 
exponential factor involving the integral of the popula- 
tion growth rates also at time r between ages x and y. 
Thus, 

which can be regarded as being equivalent to a stable 
population relationship, except for the replacement of 
the exponential of the stable growth rate times the 
number of years between x and y , exd -0, -x  )r 1, by 
the exponential of the integral of the variable growth 

rates between x and y ,  exd - f r ( u  )du ]. 

If N(x), NO,) and the set of r(u) values for u between 
x and y are all known, then the period survivorship 
probability, I(v)/l(x), can be estimated from equation 
(D.l). However, in order to introduce a certain amount 
of smoothing, Preston and Bennett propose the estima- 
tion of the expectation of life at each age x , using exten- 
sive cumulation both of the reported population and of 
the observed age-specific growth rates. 

In discrete terms, using five-year age groups, the basic 
equation proposed by Preston and Bennett is 

where N(x), the number of people aged x ,  is estimated 
as 

of age-re~'ing is timeeonsuming The advantages of this method are: (a )  its application 
since it involves the projection of an initial population is relatively dmple even in cases where the intercensal 
using different mortality levels. period docs not have a convenient length; (b) it makes 

Reston and  enn nett^ P r o F  a different method to no assumptions concerning stability; (c) it introduces an 
estimate adult mortality during the intercensal period element of cumulation, thus limiting the effects of age 
from the age distributions produced by two consecutive errors, and (d) the use of growth rates eliminates the 
ce~uses.  The application of the method proposed is effects of age errors for which the pattern is the same at 
simple whatever the length of the intercensal period, and 

' %muel H. Rcston and Neil G. Btnnett, "A census-based method Neil G. Bennett and Shim Horiuchi, "Estimating the completeness 
'for estimating adult mortality". Popula~ion S~udies, vol. 37. No. I of death mgistration in a closed ulation". Popvlorion In&x, vol. 47, 
(March 1983). pp. 91-104. No. 2  (Summer 1981). pp. 2 0 7 - 2 p  



both censuses. The estimates yielded by this procedure 
are probably as reliable as those obtained from any of 
the intercensal techniques available, and its simplicity of 
application makes it extremely attractive. 

2. Dalarequired 
The data required for this method are listed below: 
(a) Two census enumerations with populations 

classified by the same age groups (and sex), separated by 
an intercensal interval which should not exceed 20 
years; 

(b) Sufficient information to adjust one census or the 
other for net intercensal migration and territorial cover- 
age, if necessary. 

3. Computational procedure 
The steps of the computational procedure are 

described below. 
Step 1: @usfment for net intercensal migration Md ter- 

ritorial coverage. See step I in subsection B.2(b). 
Step 2: calculation of age-specific intemtwl growth 

rates. The rate of growth of the population in each five- 
year age group from the first to the second census is cal- 
culated as 

where sr, denotes the intercensal growth rate of the 
population of the age group from x to x + 4; 5N2, is 
the population aged from x to x + 4 at the second 
census; 5N 1, is the population aged from x to x + 4 at 
the first census; and t is the length of the intercensal 
interval in years (with a decimal portion if necessary). 
Both age distributions must share the same open inter- 
val, A +. The value of A should be set as high as the 
two age distributions permit, since age exaggeration is a 
less severe problem with this method than with the death 
distribution methods described in chapter V. 

Step 3: calculation of ave~ge  in terned age distribu- 
tion. Equation (D.2) requires the use of an average 
intercensal age distribution, 5N,. An adequate approxi- 
mation to this age distribution can be obtained by sim- 
ply averaging the initial and final populations of each 
age group. Thus, 

Step 4: cumulation of age-specicific growth ratesfram age 
5 +. The calculation of the growth rate "inflator" 
appearing in equation (D.2) requires the summation of 
the age-specific growth rates, ~r,,  calculated in step 2. It 
is normally convenient to begin the cumulation process 
with age 5 and continue upward. 

The only difficulty involved in the cumulation is the 
treatment of the inflation factor associated with the open 
age interval, A +. Although the relative importance of 
the open interval is much less in this case than in the 
conceptually similar death distribution techniques dis- 
cussed in chapter V, because in the calculation of expec- 

tations of life the open interval is always present, it is 
sound practice to minimize the influence of biases due 
entirely to the weight it may be assigned in the inflation 
factor. For this reason, a special procedure is suggested 
to deal with the open interval. 

If R ( x )  is used to denote the inflation factor for the 
age group from x to x + 4, then, according to equation 
(D.2). 

for x = 10, 15, .... A -5. In the case of x = 5 ,  (D.6) 
becomes 

A -5 
and forx =A,  R(A)= p(A)+5.0 2 5ry 

y = 5  
(D.8) 

where p(A ) is calculated by using an equation derived 
from simulated stable populations and whose form is 

where r(10+) is the growth rate of the population over 
age 10, that is, 

N (lo+) and N (45 +) are the mid-period populations 
aged 10 and over, and 45 and over, respectively, and 
estimated as 

and . 
N(45 +)= 0 . 5 ( ~  1(45+)+N2(45 +)I; (D.' 1) 

and a(A ), b(A ) and c(A ) are constant coefficients 
depending upon the actual value of A .  Their values are 
shown in table 185. 

TABLE 185. COEFFICIENTS FOR ESTIMATION OF THE EQUIVALENT 
OROWM RATE OVER AGE A ,  p(A ). FROM THE GROWTH RATE OVER AGE 
10 AND THE RATIO OF THE POPULATtON OVER AGE 45 TO THE POPULA- 
TION OVER AGE 10 

Cor$icun~s --- .~- .- 

"t 9'AI b(A/ 64) 
(2) - (4) fJ) .......... 

45.. .............................. 0.229 20.43 0.258 
50 ................................ 0.205 18.28 0.235 
55 ................................ 0.179 16.02 0.207 
60.. .............................. 0.150 13.66 0.176 
65 ................................ 0.119 1 1.22 0.141 
70.. .............................. 0.086 8.77 0.102 
75 ................................ 0.053 6.40 0.063 
80.. .............................. 0.025 4.30 0.029 
85 ................................ 0.006 2.68 0.006 

Estimation equation: 
p(A )=a(A )+b(A )r(lO+)+c(A ) In(N(45+)/N( lo+ ) )  



Step 5: h t i o n  of age dstriburion to a stationary f a .  
The average intercensal age distribution obtained in step 
3 is converted into a stationary population by multiply- 
ing each value sNX by the exponential of R(x). The 
results can be regarded as "pse~do"~L, * values, analo- 
gous to the values of sLX in the usual life table. How- 
ever, the life-table radix corresponding to the pseudo 
sLX* values is not known. Therefore, in general, the 
pseudo 5Lx * values cannot be manipulated as can nor- 
mal & values. 

Recapitulating, the estimation of the 5&* values is 
camed out according to the following equations: 

s k  * = sN. exp(R (x 1) (D. 12) 

and 

-A LA * = @-A NA exp(R (A )). (D. 13) 

It should be noted that the sequence of 51, values 
obtained in this way is likely to be more erratic than one 
derived from a set of sqx values calculated on the basis 
of observed central mortality rates. In some instances, 
the estimated sk * values may even increase with age. 
Errors in the age distributions used as input are usually 
the cause of this erratic behaviour. It is in order to 
minimize the effects of such errors and also to generate a 
measure that is comparable with those usually found in 
other sources that the pseudo sL, values are converted 
into expectation of life in the manner described below. 

Step 6: calculation of  expectation of  life. The expecta- 
tion of life at age x , ex, is calculated by cumulating the 
pseudo st ,* values obtained in the previous step and 
dividing the sum by an estimate of I (x), the number of 
survivors to exact age x in the life table. An adequate 
estimate of I (x ) can be obtained as 

1 *(x)= (sLx*-5-s&*)/10.0 (D. 14) 

they often show progressively lower mortality as age x 
increases. The best estimate of overall mortality may 
therefore be an average of the levels associated with ex 
for x ranging from 10 to 30, though this conclusion 
implies that the results will not be a useful basis for the 
selection of an age pattern of mortality, nor will they be 
good indicators of the necessity of adjustment when 
errors in the growth rates arise because of changes in 
enumeration completeness. 

4. A &tailed example: Panama, 1960-1 970 
The case of Panama between 1960 and 1970 is used to 

illustrate 'the application of this method, so it will be 
possible to compare its results with those obtained above 
through the application of the intercensal-survival tech- 
niques. 

The basic data are shown in columns (2) and (4) of 
table. 173, but for the sake of completeness, they are 
reproduced in columns (2) and (3) of table 186. Note 
that when using this method there is no need to adjust 
for intercensal intervals that are not round numbers'bf 
years; therefore, the populations just as enumerated in 
1960 and 1970 can be used. 

The computational procedure for this example is 
given below. 

Step 1: 4ustment for net in terced migration and ter- 
ritorial cowmge. As described in step 1 of subsection 
B.2(c), no adjustments are camed out in this case. 

Step 2: cdculation of age-specijk intercensal growth 
mtes. The interval between the 1960 and 1970 censuses 
was 9.41 years (see subsection B.2(c)). The growth rate 
for each age group is therefore calculated by dividing 
the difference between the natural logarithms of the final 
and initial populations of each age group by 9.41. Thus, 
for the population of age group 5-9, 

where the * has been added to remind the reader that ~~~~l~ are in column (4) of table 186. 
these are also pseudo I *(x) values with unknown radix. Step 3: cal&ion of awmge interced age dstribu- Then. letting Tx * be the number of pmon-yea* lived An average age distribution for the interccnul above age x ,  its value is calculated as period is obtained simply by calculating the arithmetic 

A -5 means of the initial and final populati~ns of each age 
Tx = 2 sLy * +,+A LA *, (D. 15) group. Thus for age group 5-9, 

y = x  
sNS = 0.5(sN IS +5N25)= 0.5(76,598 + 

so by combining equations (D.14) and (D. 15), ex can be 
estimated as 

Once the life expectancy figures have been calculated, 
usually for x ranging from 10 to 50, the levels they 
imply in a model life-table system can be found, and a 
final estimate of mortality can be obtained by averaging 
the most reliable estimates of mortality level (those left 
after discarding any clearly unsuitable values). In prac- 
tice, the mortality estimates for values of x up to age 30 
or so are reasonably consistent, but after age 30 or 35 

Full results are shown in column (5) of table 186. 
Step 4: cumulation of age-specijk growth mtes from age 

5 u p d .  Cumulated age-specific growth rates are 
required to estimate 5L for all values of x from 5 
upward. The average population aged 5-9 years, ,Ns, 
needs to be inflated by 2.5 years of growth at the age- 
specific growth rate for the 5-9 age group, namely, 5r5. 
The average population aged 10-14 years, 5Nlo, needs to 
be inflated by five years of growth at the age-specific rate 
for the 5-9 age group, srs, plus 2.5 years of growth at the 



Tlu~e 186. ESllkllrTlON OF INTERCENSAL MOIITALITY FOR FEMALES USlNO INTERCENSAL OROWTH RATES, PANAMA. 1960-1970 ' 

rate for the 10-14 group, P 10. Values of R (x ) are there- 
fore found by successive cumulation of the age-~pacific 
rates following equations (D.6) and (D.7). For age 
group 5-9, 

For age group 10- 14, 

For age group 20-24, 

To calculate R (A ), the inflation factor corresponding 
to the open-ended interval, equation (D.8) is used in 
conjunction with equation (D.9) to estimate p(A ). The 
latter uses as inputs the values of r(lO+), N(10+) and 
N(45+). The symbol r(10+) is the growth rate of the 
population .lo and over during the intercensal period, 
and it is calculated as any other growth rate, as is illus- 
trated below: 

The values of N(10+) and N(45 +) are found by cumu- 
lating the necessary entries in column (5) of table 186. In 
the case of N(45 +), on2 begins with 5N45 and continues 
until N(75+). For N(10+), the starting-point is SN1O. 
The resulting values are N(10+)= 423,238 and 
N (45 +) = 90,55 1. Hence, 

and 

The complete set of R(x) values is shown in column (6) 
of table 186. 

Step 5: &tion of age &stribution to a stationary fonn. 
Values of 5Lx are now obtained for each x by multi- 
plying the average population of the age group, SNx, by 
exp(R(x)]. Thus, for age group 5-9, 

and for age group 45-49, 

The open interval is treated in just the same way, 
remembering that the result is an estimate of ,-A LA *, or 
TA *. Full results are shown in column (7) of table 186. 

Step 6: cdculation of expectation of life. The expecta- 
tion of life at age x ,  ex, is equal to the person-years lived 
from age x onward, Tx *, divided by the number of sur- 
vivors to age x,  I*(x). The value of I*@) can be 
estimated with sufficient accuracy by averaging adjacent 
values of person-years lived, that is, 5Lx -5 * and 5Lx *. 
Thus, for age 10, 



N o t e c b r t ~ w e 5 b t h e ~ v r l u e o f x  wedintbe ~~ 8nd no d u e  of A* is Obt8ined. 1 *(lo) is 
the youapt population thrt can k calculated. It may 
be noted in prairie that no value of is obtained 

up 04 is g c n d l y  w m f y  distorted by "s" wgf" ormrrron qc-mirnporting. Similarly, the highest 
ap for which an 1 *(x) vdue can be estimated is age 
A -5, since no value is available for &A *. Column (8) 
of table 186 shows the nnge of 1 *(x) values. 

The t, column is calculated by cumulating from age 
A downward the d v c  JI, values. Thus, for 75, 

and for 50, 

Full results uc shown in column (9) of table 186. 
Theexpectation oflife at each rgex from 10 to 50is 

then cakuhtd by dividing each Tx by the comapond- 
ing 1 *(x ). Thus, for x = 10, 

w h e w  for x = 50, 

The Bgum for expectation of life &own in column 

(10) of trbk 186 cm be compared with those of a model 
life-table system. Given the assumption made earlier 
that the West family provides the best dt to the age pat- 
tern of mortality in Panama, the West mortality level 
implied by each female ex in column (10) has been 
found by interpolation, the results being shown in 
column (I I). 

It will be noticed that the first five values, for the age 
nnge from 10 to 30, are more or less consistent, the 
avenge level being 17.1. Above age 25, however, the 
mortality kveIs rise steadily with age, no doubt as a 
mult of age exaggeration. It is interesting to compare 
the results obtained by this method with those obtained 
by the projection technique using cumulated values and 
dacribcd in subsection B.4(d). The similarities between 
the mortality estimates given in column (1 1) of table 186 
and those in column (16) of table 180 are striking. In the 
latter case, as in the former, a series of five approxi- 
mately consistent estimates of mortality level, averaging 
a level of 17.4 instead of 17.1, is followed by a pro- 
nounced upward trend in level with age. The present 
technique may be preferred on two grounds, the first 
being its simplicity of application and the second that it 
does not have thc drawback of giving different results 
according to the direction, forward or backward, in 
which the projection is performed. It must be pointed 
out, however, that the estimated yhl t  mortality level of 
17.1, which is the best available from table 186, is to 
some extent ditortcd by the age exaggeration detected, 
since it inflates the T, values at all ages. 
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THE SINGULATE MEAN AGE AT MARRIAGE

Sttp 5: calculation of singulatt _ agt at marriage. Lastly, the
valueof SMAM iscalculatedas follows:

Sttp 3: tstimolion of proportion who tYer marry. The proportion
remaining single at age 50 isestimatedas

Sttp 4: calculation ofnumber ofptnon-ytan livedby tltt proportion not
marrying. Since RN is estimated to be the proportion who have not
married by age 50, the total time spent in the singlestate by this pro­
portionis

(B.4)

(B.I)

(B.2)

(B.3)

RM= I.O-RN.

RN = (U(7)+U(8»/2.0

SMAM = (RS 2-RS3)/RM.

where U(7) is the proportion single (never married)among thoseaged
45-49; and U(8) is the equivalent proportionamong thoseaged 50-54.
Once the proportion remainingsingle at age 50 is estimated. the pro­
portion ever marrying by that age. RM, is clearlyjust itscomplement,
that is.

That is, the value of SMAM as calculated here is the average number
of years spent in the singlestate by those who marry before age 50. It
should be noted that although. strictly, this value refers only to the
personswho marry by age 50. in mostapplicationsit is handled as if it
referred to the totalityof the ever-married population. Two factsjus­
tify this practice: first. in most populations the incidence of first
marriages after age 50 is verysmall;and secondly. in populationswith
deficientdata it is not uncommon to find that after age SO (and some­
times even after age 45) the proportions single increase as age
increases, implying that older cohorts were subject to lower first­
marriage rates than were younger groups. Because such a trend is
fairly unlikely. the observed increases are usuallyattributed to report­
ing errors. Under such conditions, it would be unwise to incorporate
the data forolder cohortsin the calculationof SMAM .

3. Detailttl txamplt
The data given in table 187 were collected during the National

.. John Hajnal,"Age at marriage and proportions marrying", Popu­
lation Studits,vol.Vir, No.2 (November1953).pp. 111-136.

A. BACKGROUND OF METHOD
The singulate mean age at marriage. SMAM. is the mean age lOt first

marriage among those who ever marry (or. in practice, among those
who marry by some predefined age-limit). It is computed from the
proportions who are single. that is. never married. in each age group."
Since the most frequently considered age groups are five years in
length.the process of calculating the singulatemean age at marriageis
described for data classified by such age groups. It is assumed here
that no first marriages occurafter age 50 or before age 15.though the
generalization of the procedure described below to the use of other
age limits isstraightforward.

B. BAStC CALCULATIONSTO OBTAIN THE SINGULATE
MEAN AGE AT MARRIAGE

I. Data required
The following data are requiredfor this procedure:
(a) The population aged 15-54 classified by age (five-year age

group)and by sex;
(6) The never-married population aged 15-54 classified by age

(five-year age group)and sex.

2. ComputationoJ procer:Jun
The stepsof the computational procedureare givenbelow.
Sttp J: calculation of proportions singltfor a giYen sex. Divide the

number of single in each age group by the total population in the
same age group. The resulting proportion for the age group from
5i + 10to 5i + 14is denoted by U(i). with i usually ranging from I to
8.

Sttp 2: calculation ofptrson-ytan livedin tltt singlt suu«. Add the
proportions single in each age group up to and includingthat for the
age group 45-49 (i = 7) and multiply the sum by five. The resulting
quantity is denoted by RS I' Let RS 2=RSI + 15.0. The quantity 15.0
isthe number of person-years livedin the single state frombirth to age
15 by the hypothetical cohort of size one being considered. If the
lowerlimitat which marriage takesplace ischanged to someother age
x, the x should be substituted for 15 and the calculation of RS I
shouldincludeall age groupsfromx to x +4 (when x is a multipleof
five) to4S-49.

TABLE 187. POPULATION BY AGE GROUP. SEX AND MARITAL STATUS, PANAMA, 1976

MilIa ,.",.

A. £rer- £rer-

~ SIft wwMd lhlkM... TOUIi Sift wwMd lhlkMMI T_
(J) (4) (3) (7) (') (9)

15·19 ........ 2678 69 5 2752 2171 S09 15 2695
20-24 ........ 1331 585 24 1940 806 1251 38 209S
2S·29 ........ SS6 I lSI 62 1769 288 I S03 37 1828
30-34 ........ 256 1231 89 1576 146 1414 44 1604
35-39 ........ 158 1108 90 1356 82 1223 57 1362
40-44 ........ 96 919 110 I 125 35 1043 SO 1128
45-49 ........ 76 775 120 971 41 832 67 930
SQ-S4 ........ 43 644 107 794 22 660 52 734
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TABLE 188. PROPORTIONSSINGLE IGNORING THOSEOF UNKNOWN

MARITAL STATUS,PANAMA, 1976

Demographic Survey in Panama in 1976. They illustrate some of the
problems encounteredwhendealingwithreal data.

A quick examination of table 187 reveals that. especially at older
ages. the marital status of a substantial proportion of the persons
interviewed is unknown. It is difficult to imagine a reason for this
omission since a priori it would seem easy for a person to remember
whetherhe or she had been married.

A possible source of misunderstanding may be that the term "ever
married" was used in a broad sense to mean "having belonged to a
stable union". Because in many countries. unions not legalized by
marriage are socially unacceptable. a respondent in such a situation
might tend to avoidacknowledging hisor her "marital status". It then
seems plausible to assume that mostof the "unknowns" were. in fact.
"ever married". The validity of this assumption is. however. impossi­
ble to establish without recourse to further infonnation. But if the
data available are to be used in computing singulate mean ages at
marriage for each sex. it is necessary to make some assumption about
their true meaning. As suggested. one extreme assumption is to sup·
pose that all the "unknowns"are ever married. Another. lessextreme
possibility is to assume that both the singleand the ever-married per­
sons within each age group have an equal probability of being
classified as "unknown" <this assumption would be plausibleif mostof
the unknowns were the resuh of random errors produced while pro­
cessing the data). Under this assumption. the proportion single in
each age group would remain the same if the unknownswere ignored
asifthey had declared their maritalstatus properly.

Eachof these assumptions leads to a differentway of computing the
proportion single in each age group and to somewhat different esti­
matesof the desired singulate mean ages at marriage. The computa­
tionalprocedures and results are shownbelow.

<a) Calculation ofsingulate meanageat marriage ignoring thoseofun­
known maritalstatus

In the'first instance, the proportionssingle are calculated by ignor­
ing the unknowns. The resultingproportionsare shown in table 188
Then. using these proportions single. the singulatemean ages at mat­
riageare computedas usual.

(i) Case I: males(unknowns ignored)
The results of the main stepsforcase I are givenbelow:

It is interesting to note that the value of SMAM would have been
21.88 if the observed data. withoutadjustment.had been used.a value
that is verysimilarto that obtained above.

(b) Calculation ofsingulate meanageat marriage assuming tlult thoseof
unknoWP' maritalstatusareevermarried

The values of SMAM are computed next by assuming that the
"unknowns" belong. in fact, to the ever-married category. The pro­
portionssingle obtained under thisassumption are shownin table 189.
The computations needed to arrive at the final value of SMAM are
summarized in cases3 and 4.

(i) Case3: males(unknowns considered to beevermarried)
The resultsforcase3 are shownbelow:

RS 3= 50.0(0.0324)= 1.62

SMAM = (RSz-RS3)/RM = 22.01.

RS z= 5.0(2.416)+15.0=27.08

RS 3= 50.0«0.0783 +0.0542)/2.0) = 50.0(0.0663)= 3.3125

SMAM = (RS z-RS3)/0.9337= 25.45.

of this type are often due to changing marriage patterns. but the fact
that the proportionsingledeclinesat ages 5()'54suggests that the rela­
tivelyhigh valueobservedat ages4549 may be due. at least in part. to
misreporting of status rather than to true changes in the marriagepat­
ternsof the past.

Therefore. to calculate the singulate mean age of marriage in this
case. the reported proportionssingle were adjusted by replacing the
value of 0.0470 for age group 4549 by the average of the two values
adjacent to it. which happen to be also the two smallest proportions
single observed. Thus. it was assumed that the proportion single at
ages4549 was0.0324. Under thisassumption. the singulatemean age
at marriage is computed in the usual way. The results of the main
stepsare shownbelow:

RS z= 5.0(1.5605)+ 15.0= 22.80

RS3=50.0(0.0302)= LSI

SMAM = (RS z- RS 3)/0.9698= 21.95.

RS t = 5.0(1.584)= 7.92

RS z= 7.92+ 15.0= 22.92

RN = (0.0324+0.0323)/2.0=0.0324

RM=0.9677

(ii} Case4: females(unknowns considered to beevermarried)
Once more, the inconsistency apparent in age group 4549 was

corrected by replacing the reported proportion single. U(7) (0.0441),
by the average of thoseadjacent to it (0.0305). An outline of the cal­
culationsfollows:(0.0324)

"-leI
(3)

0.8101
0.3918
0.1608
0.0936
0.0628
0.032S
0.0470
0.0323

0.9749
0.6947
0.32S7
0.1722
0.1248
0.0946
0.0893
0.0626

IS·19 ..
20-24 ..
2S·29 ..
30-34 .
3S·39 ..
4().44 .
4S49 .
SO-S4 ..

TABLE 189. PROPORTtONS SINGLE ASSUMtNG THAT THOSE OF UNKNOWN

MARITAL STATUS ARE EVER MARRtED, PANAMA, 1976

RS.= 5.0(2.4762)= 12.381

RS2= RS I + IS.0= 27.381

RN = (0.0893 +0.0626)/2.0= 0.076

RJI = 0.924

RS 3= SO.ORN = 3.798

SMAM = (RS 2- RS 3)/RM = 25.52.

(ii) Case 2: females (unknowns ignored)
Note that the proportions single aOlong females do not. as expected.

decrease consistently as age increases. The proportion single at ages
4S49, for example. is greater than that at ages40-44. Inconsistencies

15·19 .
2().24 ..
25·29 ..
3().34 .
3S·39 .
40-44 .
4S49 ..
SO-54 .

/IIttIa
(1)

0.9731
0.6861
0.3143
0.1624
0.1165
0.0853
0.0783
0.0542

0.8056
0.3847
0.157S
0.0910
0.0602
0.0310
0.0441
0.0300

(0.030S)
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U(i.s)=U(i -l.s)U(i. 2)/U(i -I. I). (C.I)

Note that in equation (CI) the values Uti . 2) and Uti -I. I) refer
to the same birth cohort. so that their quotient is a form of "survival
rate" in the single state for that cohort. When this survival rate is
applied to the previous hypothetical value. V (i -I. s ), it transforms it
in accordance with the observed change in the proportion single duro
ing the intersurvey period.

If the intersurvey period is 10 years in length instead of five. it is still
possible to calculate the proportions single in a hypothetical cohort
Now

Step I: calculation ofproportions single for twopoinrs in timesepalYlted
byfive or 10years. Proportions single are calculated for each age group
i and time-point j by dividing the single population by the total popu­
lation in the age group. adjusted. if necessary. for non-response. The
resulting proportions are denoted by U (i. j ).

Slep1: calculalion ojproportions single in a hypothetical coho" exposed
to illlersurvey first-morriage rates. Let the proportion single for age
group i of the hypothetical cohort be denoted by Uii , s ), Equations
(C. I) and (C.2) are used to calculate the values of Uti , s) when the
intersurvey interval is five years in length. whereas equations (C.3).
(C.4) and (C.5) are used when the intersurvey interval is 10 years in
length. For age groups 20-24 and above. i =2•.... 8.

(c) CommttrIS 011 IIIe .,ailedeXDlflPk
The SMAM estimates obtained by assuming that all those of un­

known marital status were. in fact. ever married. are very similar to
those obtained earlier by ignoring the respondents with unknown
status. This similarity is due to the fact that the numbers of respon­
dents of unknown marital status are a relatively small proportion both
of the total population interviewed and of the total population whose
marital status was reported. Yet. even though the estimates yielded
are similar. the question arises as to which set should be used if further
analysis were to be undertaken. If no more information were avail­
able about the survey in question. it would be advisable not to make
extreme assumptions. 50 that the SMAM estimates computed by
ignoring the unknowns would be accepted as representative.

In this case. however. the extreme assumption turns out to be that
nearer to the truth. Indeed. since the question in the survey was "On
what date did you marry or form a union for the first time?". and it
was used to establish both marital status and the time elapsed since
first union. all those who were unable to state the date of which their
first marriage or union began were classified as "unknown". a term
that in this context means "of unknown marital duration" rather than
"ofunknown marital status".

:rhis example illustrates very clearly the following point: tabulations
very often do not provide enough information about the data they
display. In order to assess the true meaning of those data. it is impor­
tant to know how they were obtained and how they were processed
before they become part of a given tabulation. Without this addi­
tional information. errors in the interpretation of the data are very
likely.

For the age group 15-19. for which i = I.

U(I. s)= V(I. 2). (C.2)

V(i.s)=U(i -2.s)U(i. 2)/V(i -2. I). (C.3)

for values of i ranging from 3 (age group 25-29) to 8 (age group 50-54).
For i equal to I and 2. that is. for age groups 15-19 and 20-24. V (i. s)
is calculated as the average proportion single at the time of the two
censuses or surveys:

Steps3-6: calculalion ofsingulate meanageal morriage from Ihepro­
portions sillgle in a hypothetical cohort. Once the proportions single.
Ui}, s ~ have been calculated. the procedure to be followed in calcu­
lating the value of SMAM is exactly the same as that described in
steps 2-5 of subsection B.2.

2. Firsl .,ailedexample
Table 190 shows data for the female population of Japan

enumerated in 1955 (j = I) and 1%0 (j =2). It illustrates how the
data are used to estimate proportions single for a hypothetical cohort.
Column (6) shows the resulting set of Uti , of) values. In the steps out-

C. NEEDTO CONSIDER HYPOTHETtCAL COHORTS

The singulate mean age at marriage is a measure that logically
should refer to the nuptiality experience ofa birth cohort. Yet. in prac­
tice. data on nuptiality for birth cohorts are very rarely available. Usu­
ally. the data at hand refer to the proportions single observed in a pop­
ulation at one or two points in time. Because such proportions refer to
a cross-section of the population. it is conceivable that if nuptiality
patterns have been changing. the proportion single at age 30. say. may
be smaller than observed at age 40. a situation that would never arise
among members of the same birth cohort. Therefore. when there exist
rapidly changing marriage patterns. the singulate mean age at mar­
riage should not be calculated directly from the distribution by marital
status and by age that is observed at a single census or survey. The
proportions single in a hypothetical cohort exposed to marriage rates
between two surveys or censuses need to be calculated before the
value of SMAM is computed.

I. OJmputaliollQ/procedure
The basic steps in the calculations are th'e same as those described

before. except that the distribution of a hypothetical cohort by marital
status has to be constructed before calculations of person-years lived
are undertaken. Only those steps which are different from the steps
described in subsection B.2 are described below.

and

V(I. s)= O.5(U(I. 1)+ V(I. 2»

V(2. s)= 0.5(U(2. 1)+ V(2. 2».

(C.4)

(C.5)

TABLE 190. FEMALEPROPORTIONS SINGLE.1955 AND1960. ANDESTIMATED PROPORTIONS SINGLE
IN A HYPOTHETICAL INTERSURVEY COHORT. JAPAN

ltMioof
""I""I;(JIf
silipi•

,.",...,.. fJ!OfIO'Ii--p •YfIIIIlw/j(aJA,. ItWu tII_1WW)If <0lIo'1

'7t'f 1 I'" IHO lJ(i.1)IlJ(i - I, I) uti, II
(1) (J) (4) (j) 16)

10-14........ 0 ( 1.(00)1 ( 1.(00)"
15-19........... I 0.983 0.987 0.987 0.9117
20-24........... 2 0.665 0.648 0.659 0.650
25-29........... 3 0.206 0.212 0.319 0.2011
30-34 ........... 4 0.079 0.096 0.466 0.097
35·39 ........... 5 0.039 0.056 0.709 0.069
40-44 ........... 6 0.023 0.031 0.795 0.055
45-49 ........... 7 0.017 0.019 0.826 0.045
50-54 ........... 8 0.012 0.017 1.000 0.045

I Assumed value.
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lined below, these values are used to estimate an average value of
SAlAM for the period 1955-1960.

SUp J: t:tIIcuJotl()ll 0/pmportlolU singlelor N£1t muus. Since in this
cue the values of U(/.j) are already in the appropriate form in
columns (3) and (4) of table 190, this step is unnecessary.

St., 2: CtIkuIatlon 0/proportlOlU single In a ltypolMlical coltort exposed
to lntet'llllWy jint-mtll'riap IUtU. . In this example. the intersurvey
period is five years, so equations (C.I) and (C.2) are used in calculat­
ing U(/.I). For age group 15-19,for which I = I,

U(1.I)= U(I, 2)= 0.987.

For subsequent age groups. each value of U(i - I. I) is multiplied by
the ratios U(/. 2)IU(1 -I. I). Column (5) of table 190 shows the
values of these ratios for each value of I. For example, for i = 2,

U(2.1)= U(I,I)U(2.2)/U(I. I)

= U(I, 1)(0.648/0.983)

= (0.987)(0.659)= 0.650.

Fun results are shown in column (6) of table 190.

Step3: calculation ofpenon-ytan IiVftlin 1Msingle Itate. The sum of
the firstseven values of U(i , I) is 2.111. so that

RS 2= 5.0(2.111)= 10.555.

Note that the value of U(8, I) for ages SO-54 was not included in the
sum. Then, the number of person-years desired is

St., 4: ctJlcullJtlon of proportion ever nrarrytng. The proportion
remaining single is

RN = (0.045+0.045)/2.0= 0.045.

Hence. the proportion ever mariying equals

8M = 1.0-0.045 = 0.955.

Sttp 5: calculation of penon-yean IiVftl by tltost lema/fling single.
These person-years are calculated as

RS 3= 5O.0RN = 50.0(0.045)= 2.25.

Sttp 6: CtIkuIation of singuJate "." ageat maniap. The value of
SMAM is calculated as

SMAM= (RS2-RS3)/RM = (25.555-2.25)/0.955 = 24.40.

It is of interest to compare the value of SMAM estimated for the
intercensal period (24.40 years) with the estimates that would have
been obtained by considering each census separately. According to
the proportions single presented in columns (3) and (4) of table 190.
the value of SMAM in 1955 was 24.74 years. while that in 1960 was
24.79 years. Therefore. although the dilference is relatively small. the
intercensal estimate of SMAM is lower than those obtained at the
end-points of the period. This outcome implies. in general. that
according to the first-marriage rates prevalent during the intercensal
period, women would marry at slightly younger ages than they would
according to the mixed cohort-period experience observed at a given
point in time. However. the dilference observed is so small that. at
least in this case. what ought to be stressed is the similarity of the
dilferent estimates and the fact that. according to them, the singulate
mean age at marriage in Japan during the period 1955-1960remained
almost constant.

3. Second .,ail«lexample
Table 191 shows data for the female population of Tunisia as

enumerated in 1966V= I) and as estimated for 1976 on the basis of
the 1975census V = 2). It indicates how the data are used to estimate
proportions single for a hypothetical cohort. Column (6) shows the
resulting set of U(i. I) values. The steps outlined below illustrate how
these data are used to estimate an average value of SMAM for the
period 1966·1976:

Step J: CtIkuIation ofproportioIU single. In this case. the values of
U(i,j) are already in the appropriate form in columns (3) and (4) of
table 191. Therefore. this step is not necessary.

Step2: calculation ofpmportioIU single Ina ltypotMtlcal cohon expoled
to inttf'SUl'lley jint-mtll'riage lUteI. Although the true intercensal period
in Tunisia was nine years in length, the basic data have been adjusted
to represent a Io-year period. Hence. equations (C.3), (C.4) and (C.5)
can be used to calculate Uti , I). Thus. for age group 15-19. for which
i = I, for example,

U(1. 1)= O.5(U(I, I)+U(I. 2»= 0.5(0.810+0.887)= 0.848;

and for age group 20-24, for which i = 2.

U(2. 1)= 0.5(U(2. I)+U(2. 2»=0.5(0.270+0.473)=0.372.

For subsequent age groups. each value of U(/-2.1) is multiplied by
the ratio U(i'. 2)/U(1 -2, I). Column (5) of table 191 shows the value
of these ratios for each value of I. For example. for i = 3.

U(3. 1)= U(I.I)U(3. 2)/U(I, I)

= U(I.I)(0.158/0.810)

= (0.848)(0.195)= 0.165.

Full results are shown in column (6) of table 191.

TABLE 191. FEMALE PROPORTIONS SINGLE. 1966AND 1976.AND ESTIMATED PROPORTIONSSINOLE
INAHYPOTHETICAL JNTERSURVEY COHORT.TUNISIA

...'" ~.. I..
",....,........ ,..,.,-..". ~111,.,.-.,.

'7if J 1l¥6 1976 (1(, 1)/(1(1 - 1, I) (1(,.)
(l) (3) (4) (S) (6)

15-19........ t 0.810 0.887 0.887 0.848
20-24........ 2 0.270 0.473 0.473 0.372
25·29 ........ 3 0.087 0.158 0.195 0.165
30-34........ 4 0.039 0.054 0.200 0.074
35-39........ 5 0.024 0.024 0.276 0.046
40-44 ........ 6 0.018 0.017 0.436 0.032
4549 ........ 7 0.015 0.016 0.667 0.031
50-54 ........ 8 0.015" 0.016" 0.889 0.028

'So~I: For proportions single in 1966. population census of 1966; for proportions sinale in 1976.es­
timates from the [975 population census by M. Baraltet. EWJlutlon treenlt at 10 nupllalill el de 10jkondlll
en7imisie (Tunis, Ofllce national du planning familial et de la population. May 1977).

"Assumed equal to value for ages 45-49.
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Step J: calcvltllitNI ofpeno"-)WUS li_ iff tlteIi"gle IItIle. The surn of
the first seven values of U(i. s) is 1.568. so that

RS2= 5.0(1.568)= 7.M).

Note that the value of U(8.s) for ages 50-54 wasnot included in the
sum. Then the number of person-years desired is

Step 4: calculotio" of proportio" eYer WJtII7Yi"g. An estimate of the
proponion remaining single at ageSO is

RN= (0.031 +0.(28)/2.0= 0.0295.

Hence. theproponion evermarrying byage SO equals

RM= 1.0-0.0295 = 0.9705.

229

Step5: caIcuIDIiOfl ofpenotr-)IMJIS li_byt""""';,,;lIgMrle til.
50. Thisvalue iscalculated u

Step 6: CtllcuiotiOfl of lillpltlle ".". • tIllJttllrillp. The valueof
SMAMis

SAlAM= (RS2-RSJ)/RM = (22.M)-1.47S)IO.9705= 22.01.

If thisvalue of SAlAMiscompared withthe estimates that would be
obtained by usinathe data u recorded at the end-pointlof the period
being CIOIIIidered (20.88 yean in 1966 and 22.71 years in 1976), it
appearsthat the intercensal valueof SAlAM is hiper than the mean
of the estimates at the end-points. This outcome au.... that Brst­
maniase ratesdeclined subltantiaJly andfairly rapidly in Tunisia dur­in, the period 1966-1976.



Armex II

THEEL-BADRY CORRECfION FOR DATA ON CHILDREN EVER BORN

the true value of Z*(i): fit a line to the reported points \Z(i), NS(i})
and estimate y and {J. Then the true proportion childlessis

Z*(i)= Z(i)+(NS(i}-{J), (A.6)

and an estimate of the zero-parityerror, a., can be obtained by

o.=y/(1.0+y). (A.7)

Note that even though algebraically equation (A.6) is equivalent
to

equations (A.S) and (A.6) may (and usually do) produce slightly
different results in practice, since the fit obtained is very rarely exact
For the purpose of adjustment of the zero category, equation (A.6) is
recommended.

In most cases, when the required final product is a best estimate of
average parities by age group of women, an adjustment of the zero­
parity category is not of immediate use. but the true level of non­
response is. Once {J, an estimate of this level, has been calculated, the
female population to be used as denominator in computing average
parities by age group can be obtained by multiplying the reported
female population in each age group by the factor (1.0-{J). Thus, the
required output from the EI-Badry correction procedure will very
often be only {J, obtained by fillingequation (A.5).

To conclude. it must be noted that slightly different computational
procedures have to be followed according to whether the data on chil­
dren ever born refer to all women or only to ever-married women.
Therefore, two detailed descriptions of the computational procedure
are presented in the following sections. It is also useful to note now
that in the following discussions. index i is used to denote the age
group from Si + 10 to Si + 14.

A. BACKGROUND OF METHOD

During the collection or the processing of information on children
ever born, an error consisting of the misclassification of women of zero
parilY as women whose·parity is not stated sometimes arises. This
error isoften due to the ambiguousentries made by interviewersal the
time of the survey. For example, ambiguity is clearly present when a
dash (-) is used to indicale both Ihal parity information about a given
woman was not obtained or that she declared herself as childless.
When errors of this type occuron a sufficiently large scale, the quality
of the enure set of informationon children ever born is compromised,
especially if this type of information is to be used to estimate fertility
indirectly by any of Ihe methodsdescribed in chapter II. Whenever a
considerable proportionof childless women are classified incorrectlyin
the category "parity not stated", the exclusion of these women from
the denominator when calculatingaverage parities by age would lead
to overestimates of average parity, especially at younger ages. If, on
the other hand, the women whose parity was not stated are not
excluded, the denominator willbe too large, producingunderestimates
of the true average parities. .

In 1961, EI-Bad~ proposeda procedure to estimate the proportion
of women belonging to the category "parity not stated" who should
have been classified as childless. This procedure is based on Ihe
observed high correlation existing between the proportions childless
and the proportions in the category "parity not stated", especially
whenonly the first fouror five five-year age groupsare considered.

EI-Badry's method is based on a very simple model. Let Z*(i) be
the true proportionchildlessin age group i and NS (i) be the reported
proportionof women classified in the category of parity not stated for
the same age group. Then, it is plausible to assume that the following
relationholds:

Z *(i) = (1.0 +y)Z (i), (A.S)

where a. is the proportion of women who are truly childlessand who
were erroneously classified as of "parity not stated"; and {Jis the con­
stant, true level not stated. (It is expected that, in every survey, even
in the absence of the coding error being discussed, some women will
be classified as not having stated their parity. Usually, these are
women who were not present al the time of the interview and for
whom the selected informant did not know the true number of chil­
dren ever born). Since the proportion o.Z *(i) of childlesswomen has
been misclassified, the reported proportion in age group i , Z (i), must
be equal to

NS(i)= [o./(1.0-o.»)Z(i)+{J (A.4)

NS(i)= o.Z*(i)+{J

Z(i)= (1.0-o.)Z*(i)

or

Z*(i)= Z(i)/(1.0-o.).

Substitutingequation (A.3) in equation (A. I), one finds that

or

(A.I)

(A.2)

(A.3)

B. DATA REQUIRED

The following data are required for this method:
(a) The number of women in the zero-parity category (childless

women)classified by five-yearage group;
(b) The number of women in the category "parity not stated':

classified by five-yearage group;
(c) The total number of women classified by five-year age group.

However, when the question on parity was asked only of ever-married
women, the data required include both the total number of women
and the total number of ever-married women in each five-year age
group (lS-49).

C. DATA ON CHILDREN EVER BORN REFERRING
TO ALL WOMEN

I. Computational procedure
The stepsof the computational procedure are given below.
Step 1: calculation ofproportions with panty not stated. If one denotes

by FP(i) the total number of women in age group i and by FNS(i)
the number of women whose parity was not stated and who belong to
age group i ; then the proportion whose parity was not stated is

where y= 0./(1.0-0.). Equation (A.S) suggests a method of estimating

• M. A. EI-Badry, "Failure of enumerators to make entries of zero
errors in recordingchildless ~ses in population censuses",Journal of
tltt AmericQII StOlisticaJ Association, vol. 56, No. 296 (December 1961),
pp.909-924.

Step 2: calculation of proportions childless. Letting 12(i) be the
reported number of childlesswomen in age group i and FP(i) be as
defined above, then the proportion childlessis

NS(i) = yZ(i)+{J (A.5)
NS(i) = FNS(i)/FP(I).

Z(i)= 12(i)/FP(i).

(C.I)

(C.2)
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2. Delailed~xompI~
The census carried out in Peru in July 1972 collected information

from all women on the number of children they had ever borne, and
the necessary information to apply the EI-Badry adjustmentprocedure
waspublished. It isshownin table 192.

since. according to the model presented so far. the true level of non­
response is the estimatedvalueof fl. When data on childrenever born
are being used to estimatefertility indirectly by" the methodsdescribed
in chapter II or to estimate child mortality by those described in
chapter Ill. the averageparityof womenofage group; should be cal­
culated by using FP*(;) as the denominator instead of the reported
numberFP(i).

reported proportion whose parity was not stated from the estimated
constant level. that is. (NS(;)-fl). Therefore. once fl has been com­
puted. the calculationof Z*(;) is straightforward. Once the estimated
Z*(;) values are available. the true number of childless women.
n *(;). can be obtained as the productof each Z *(;) and the reported
female population of age group;. FP(;). The values of 12*(;)
obtained in this way should be used when fertility is to be estimated
by usingdata on first births(secchapter II. subsection B.3).

Sttp 5: colcultu;on of *-'/nDlon for ~Jt;maI;on ofa~rareparilin.
Let FP*(;) denote the number of women whose parity is assumed to
be knownaner the true proportion childless has been estimated. Then

St., J: atl1fltJt;"" ofI;MtITptlI'tIIMt~n 1 and fl. Once the proportions
of women whose parity was not stated and those of childless women
have been calculated. the points [Z(i). NS(;») should be plotted. If
they foDow approximately a straight line. the use of this method of
adjustmentis warranted. Otherwise. no adjustment is possible and the
user is advised to include all those women classified as "parity not
stated" in the denominator when computing average parities. Of
course. if the proportion of women with unknown parity in each age
group issmall.their inclusion or exclusion from the denominator is not
likely to introduceserious biasesin the average-parity values.

When the plotted pointsdo fall roughlyon a straightline. the values
of its parameters have to be computed. It is recommended that only
the points corresponding to the first four or five age groups be con­
sidered. To estimatethe parametersof the straight line approximating
tbem. divide the selected points into two groupsof equal size accord­
ing to their abscissa values(repeat the middle point if necessary) and
calculate the means of the abscissae and of the ordinates in each
JIOup. The parametersof the line passing through these mean points
are estimates of the desired 1 and fl values. The application of this
procedureisillustrated in the detailed examplesthat follow.

When the pointsare fairly wellaligned. the use of the least-squares
method to estimate1 and fl is. of course.also possible and may yield
the best results. Secchapter V, subsection C.4 for a description of this
methodof line-fitting.

Sttp 4: calculat;on of trut pmport;OM childless. As equation (A.6)
indicates. the true proportion childless, Z *(;). is equal to the sum of
the reported proportion childless, Z(;). and the deviation of the

FP*(i)= (1.0-fl)FP(;) (C.3)

TABLE 192. FEMALE POPULATION ACCORDING TO DIFFERENT RESPONSES CONCERNING
CHILDREN EVER BORN, Paw. 1972

(Popu/DIion;n tholUtllflls)

15-19 ..
20-24 ..
25-29 ..
30-34 ..
35-39 .
40-44 .
45-49 ..

IIIdu
I

(1)

I
2
3
4
5
6
7

TOfIII
"fl)
(J)

698.2
578.6
471.5
381.4
373.3
297.8
246.2

CItiJI6II
FZ(I)
(4)

242.2
117.3
51.1
27.0
22.7
18.6
16.3

1ttJf'-:::..t
FNS(I)

(S)

385.7
198.3
93.6
50.4
40.0
29.9
24.3

011,..
Z(i)
16)

0.3469
0.2027
0.1084
0.0708
0.0608
0.0625
0.0662

PwI'y
1ttJf.-.J

NS(i)
(1)

0.5524
0.3427
0.1985
0.1321
0.1072
0.1004
0.0987

A quick examination of the published numbers (those shown in
columns (3),(4)and (5» reveals that a verysignificant proportionof all
womenin each age group wasclassified in the categoryof "parity not
stated". Especially striking is the fact that in age group 15-19 there are
more women in that category tban in the childless group. All these
observations appear to be consistent witb the existence of a zero-parity
error of the type described in section A. Adjustment by means of EI­
Badry's procedure shouldbe attempted.

St~p 1: cakulat;"" ofproport;"" with parity nol Slated. According to
equation (C.I). the proportion of women whose parity was not stated
in age group;. denoted by NS(/). isjustthe quotient of the number of
women in that category in tbat age groupand the total femalepopula­
tion of the same age group. Therefore.NS(;) is obtained by dividing
each of the entriesin column(5)(women with paritynot stated) by the
corresponding entry in column (3) (total female population)of table
192. Forexample,forage group20-24.

NS(2)= 198.3/578.6=0.3427.

The complete set of NS(;) values is shown in column (7) of table
192.

St~p 1: calculallon of proportiOM chifdlns. According to equation
(Co2). the proportion childless in each age group. Z(;), isobtained by
dividingthe reportednumber of cbildless women(column(4)of table
t92) by the total number of women in each age group (column(3) of
the sametable). For instance,

Z(3) =51.1/471.5=0.1084.

The fullsetof Z(;) valuesisshownin column(6)of table 192.
St~p 3: nlimal;onof IiMtITJKUD1'Wttn, fl and 1. Figure 24 showsa

plot of the first five points (Z(i ). NS (i») calculated in tbe previous
steps. Tbe Z(i) valuesare plottedon the x-axis, whilethoseforNS(;)
appear on they-axis. Even in tbe largely expanded scaleused in plot.
ting these points, they displaya fairly linear trend. The point farthest
right(corresponding to age group 15-19) is the one that deviates most
markedly from the trend defined by the others. However. given its
importance (the proportion childless is highest for that age group). it is
not eliminated from the calculations leading to the selection oLa best
fitting straightline.

Two methodsof fillingare illustrated. The first method is based on
group means, accordingtowbich the points IZ(i). NS(i)J arc divided
into two groups. each containing tbree points. Table 193 shows this
division and the means in each group. Using these mean values,1 is
estimatedas follows:

11= (NS2-NS I )/(Z 2- Z I )

= (0.1459 -0.3645)/(0.0800-0.2193)= 1.5693.

The valueof fl is then calculatedas

fl. = 0.1459-( 1.5693)(0.0800) = 0.0204.

The line whose parametersare 11 and fll is represented as the mean
line in figure 24.

231



and'

12= 0.0880/0.0572 = 1.5385

/lz= 0.2666-(1.5385)(0.1579)= 0.0236.

FP-(2)= O.O-/lz)FP(/)= (1.0-0.0236)(578.6)= 564.9.

Sttp 5: calculation of dertOmintllon for estlmatloll of a..,rage parities.
The value ofFP- iscalculated according to equation (C.3). Thus.

FF(2)= FP(2)-n-(2)= 578.6-301.9= 276.7.

TABLE 193. FI1TtNG OF A STllAtGHT LINE BV USING GROUP MEANS,
PERU. 1972

The least-squares line defined by these parameters is also shown in
IIgure 24. Note that the two fitted lines almost coincide. Therefore
either of the two can be chosen as representative of the reported
points. In carrying out the next steps. the least-squares line is used as
representative.

St.p 4: colculollOll oftrueproportions childless. Equation (A.6) is used
to calculate the true proportion childless, Z -(I), from the reported
Z(/). NS(/) and the estimated fl. Z-(3), for example, is

and

Z-(3)= Z(3)+NS(3)-fl2

= 0.1084+0.1985 -0.0236 = 0.2833.

The complete set of Z-(i) values is shown in column (3) of table 194.,
Note that according to these estimates of the true proportions childless.
approximately 14 per cent of all women in age group 40-49 had zero
parity in 1972. This value appears rather high for a country like Peru,
where marriage is probably nearly universal and where there is no rea­
son to expect. higher·than·normal incidence of sterility. These high
values of Z-(i)'at older ages may indicate that this type ofadjustment
is not adequate for the data at hand. Hence, before adopting these
results for future use, it would be advisable to consider the observed
proportions single at each age so as to assess the plausibility of the
estimated proportions childless. The search for any other reasons that
might explain the high proportions of women with parity not stated
yielded by the census is also recommended.

When EI·Badry's adjustment procedure is applied to data that will
later serve to estimate fertility by using inform.tion on first births (sec
chapter II, subsection B.3), the actual number of ever·fertile women
(not childless) is required. This number can be estimated by subtract·
ing the estimated proportions childless from one and then multiplying
the resulting number by the total felnale population. For example,
the ever·fertile women in age group 20-24,FF(2), would be

FF(2)= (1.0-0.5218)(578.6)= 276.7

orequiv.lently,

IqtJtffd
".,.".

~=• '= /till""
'(if ~/

NS(I)
(J)

(a) Fintgroup
15·19.................... 0.3469 0.5524
20-24.................... 0.2027 0.3427
25·29 .................... 0.1084 0.1985

Me.n.................... Z.=0.2193 NS.=0.3645

(b) &contigroup
25·29 .................... 0.1084 0.1985
30-34.................... 0.0708 0.1321
35·39 .................... 0.0608 0.1072

Me.n.................... Z2=0.0800 NS 2=O.l459

so that

(C.5)

0.400.30G.2O

• Reported

- Me.nllne

- - - Le••t·.qu.,.. line

0.10

Reported proportion chlldl... Z(I)

So~: Basedon data given in table 192.

5
~(Z(/)-Z)(NS(/)-NS)=O.0880
I-I

.....K. EIdlIutdo-oId1e 01 011die
IIIIJect fIIcIIIIlII.- 1m

Reported proportion
with perlty not
• tlted NIlI)
0.80

For the like of illustration. another line is IItted using the method of
IcUt lCluaJel, According to this method. the values of 1 and /l are
obtained Ulingthe followingequations:

1z= d;(Z(/)-Z)(NS(O-NS))/d: (Z(I)-Zl (C.4)
1=1 1=1

where Z and NS arc the means of the reported proportions of child·
IesIwomen and of those whose parity was not stated, respectively.

The calculations ncc:essary to estim.te 1z .nd flz are not carried out
in detail. Only the most important intermediate results are given.
Note th.t only the lint five .ge groups .re used in thiscasc:

Z= 0.1579and NS =0.2666

0.10

5
~(Z(I)-Z~=0.0572,
led

Other values of FP-(I) are shown in column (6) of table 194.
Note that even though in the IIrst three Sh:P. of this procedure

attention is focused mainly on the first five age groups, all seven
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TABLE 194. EmMATED PROPORTIONS CHILDLESS ANDESTIMATED TOTALFEMALE POPULATION
WITHKNOWN PARITY. PERU. 1972

(Population Inthousands)

EIt/Jftaltd

=.1"'F;l::"
(6)

681.7
564.9
460.4
372.4
364.5
290.8
290.4

N....'of
nero
pnik­FEri)

(j)

86.8
276.7
337.9
313.0
319.4
256.3
211.4

Em.-d nw
- -*rot"""""itNt cIIiJdIni.liildle.. _

z·(;) n·l;)
(J) (4)

0.8757 611.4
0.5218 301.9
0.2833 133.6
0.1793 68.4
0.1444 53.9
0.1393 41.5
0.1413 34.8

I_x
;

(2)

I
2
3
4
5
6
7

A,.
'1if:_----------'-.:...-_---=-------'-'-------_.:....:..._---_....:..:::...--
15-19 ..
20-24 ..
25-29 .
30-34 .
35-39 ..
40-44 .
45-49 ..

fZ*(/);::; fZo*(1 )+(FP(/)-EMP(/» (0.5)

However, this number refers only to zero-parity women among
those who have ever been married. The total number of childless
women in age group I, denoted by fZ *(/), can be obtained only by
making some assumption about the fertility of single women. If one
accepts that all single women are childless, then

that is, the number of women of known parity equals the total number
ofwomen, FP(/), minus those among ever-married women whose par­
ity is unknown. The value of FP*(/) defined by equation (0.6) should
be used as a denominator whenever average parities are reqUired to
estimate fertility or child mortality.

where FP(i) is the total number of women in age group I. Since only
very rarely does one have some basis for making other assumptions
about the childbearing experience of never-married women. it is
recommended that equation (0.5) be used to estimate the number of
childless women among all women in age group I. This number
fZ *(/). should be used if fertility estimation is to be attempted by
using the first-birth method described in chapter II, subsection 8.3.

Step 5: calculation ofdtnominators for estimation ofaverogt paritlts.
Let FP*(/) denote the number of women whose parity' can be
assumed to be known after the true number of childless women has
been estimated. Then

(0.6)FP*(/);::; FP(/)-/lEMP(/);

groups are required for the purpose of fertility estimation. Table 194
refers therefore to all of them.

As pointed out before. if one is satisfied with the consistency of the
estimated values obtained in this and in previous steps, future fertility
or child mortality estimation should make use of the estimated rather
than the reported values. Therefore, the FP *(1) estimates should be
used as denominators when calculating average parities.

D. DATAONCHILDREN EVER BORN REFERRING
TO EVER·MARRIED WOMEN

In many countries, questions on fertility are asked only of ever­
married women. on the assumption that all single women are childless.
To the extent to which this assumption is true, fertility for the total
female population can be estimated from data referring exclusively to
ever-married women; but. especially when EI-8adry's adjustment pro­
cedure is applied. due allowance must be made for the fact that the
parity or single women is not reported. For this reason, the computa­
tional procedure one must follow when fertility information is avail-··
able only for ever-married women is described in some detail.

I. Computationalproc~
The steps of the computational procedure are given below.
StepJ:calculation ofprofHH1lons with parityIIOt stattd. If one denotes

by EMP(/) the number ofever-married women in the age group from
51 +10to 51 +14.and by FNScf,.i) the number ofever-married women
or the same age group whose parity was not stated, then the propor­
tion with parity not stated is

Then, by multiplying this estimated true proportion childless by the
corresponding number of ever-married women, an estimated number
orchildless ever-married women, fZ0*'can be obtained as

Step 2: calculation ofprofHH1lons chlldltss. Denoting by fZcf,.i) the
proportion of childless women among those ever-married in age group
I and letting EMP(/) be as defined above, the proportion childless is

Step): tstimolion ofJintar poramtttn. y and fJ. As in the case where
data for all women are available. a graph of the points (Zo(i), NSrJ,i))
should be made. If they fall approximately in a straight line. its
parameters, y and fJ, should be estimated by using either group means
or the least-squares method (see chapter V, subsection C.4). In gen­
eral, only the first four or five age groups should be considered when
fitting-thisline.

Sttp 4: calculatlolt of trut proportions childltss antOltg tytNl1llrrittl
_It. The true proportion childless among ever-married women of
age group I, Zo*(i), is obtained by adding to the reported proportion
ZrJ,i) the deviation or the proportion whose parity is not stated from
its estimated constant level, (NS r/.i) - fJ); algebraically,

NScf,.1 );::;FNScf,.1 )/EMP(j).

Zr/.i);::;fZr/.i)/EMP(i).

Z&(i);::; ZrJ,/)+NSrJ,/)-fJ.

(0.1)

(0.2)

(0.3)

2. Delatlttl txomple
The case of Thailand in 1970 is interesting because during the

census carried out in that year the question on children ever born was
asked only of ever-married women. Table 195 shows the basic data
collected during the 1970census.

StepsJ andZ:calculation ofproportions withparitynot statedandpro­
portions childless. Column (4) of table 196 shows the proportions of
ever-married women who did not state their parity, NSrJ,O; and
column (3) gives the proportions childless, ZrJ,i), also among ever­
married women. These proportions were computed using equations
(0.1) and (0.2). As an example, NSr/.3) and Zr/.3) are calculated
here:

NSr/.3);::;56.5/963.6;::;0.0586

Zr/.3);::; 25.7/963.6;::;0.0267.

Step 3: estimation of lloear paramet~rs y and fl. Figure 25 shows a
plot of the points (ZrJ,/), NSrJ,/» listed in table 196. Note that only
four points were plotted (those with I ranging from 2 to 5). The first
point, corresponding to age group 15-19,falls outside the graph and is
not aligned with the others. Therefore, for the purpose of estimating y
and /l, this point is ignored. Using the least-squares method in litting a
line to the other four points, the following y and /l estimates are
obtained:

y;::; 1.4797

and
fZo*(/);::; Zo*(/)EMP(i). (0.4) /l;::;0.0147.
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TABLE 195. FEWALEPOPULATION ACCORDING TO DIFFERENT RESPONSES CONCERNING
CHILDREN EVERIlOIlN. THAILAND, 1970

(77toUS4lftl.r)

IMu
1

(1)

ToMI...,.,­17(1)
(J)

£wi•
-W-EM,,')

(4)

""'""'willi
pi'y
""'~FNS(I)

(6)

15-19 ..
20-24 .
25-29 ..
30-34 ..

, 35-39 ..

I
2
3
4
5

1885.4
1361.7
1143.4
1077.1

957.6

357.6
843.6
963.6
989.6
906.6

148.7
59.2
25.7
15.8
11.6

23.6
99.2
56.5
37.0
28.4

SUp4: ca/cuJotltm of trw propo"IOfU CItiIdJ~IS. Column (3) of lable
197 shows the proportion childless estimaled according to equation
(D.3). For cxamplc,foragc group 20-24,

Z3(2)= 0.0702+0.1176-0.0147= 0.1731.

Fp°(2)= 1.361.7 -0.0147(843.6)= 1.349.3.

The completeset of Fpo valuesis shownin column (6) of table 197.
These valuesshould be used as denominatorswhen calc:ulating aver­
age parities.

Alln° valuesare shownin column(5) of table 197. These values 0.08
mould be used in estimating the true proportion childless among all
women when the first-birth methodof fertility estimation is used (see
chapterII, subsection B.3).

SUp s: t:fIIcultIIlOII ofdfrtomilWllon for ntiIftIIJiOll of tlWl'Qge parit/~s.

Ulina equation (D.6), FPO is estimated from the total number of 0.08
womenand the ever·marriedwomenofage group I. For example. for
IF group20-24,

*Observed among
ever·marrled women

- Leu'·square, line

0.02 0.001 0.01 0.01 0.10

Reported proportion chItcIIna Itl}

0.10

FIpre 25. EstIIIIatiotl ordie Due !eYei or 011 tile
IIIItjeet orcIdIlIre. eYer....n 19'70

Reported proportion
withparity
nol at.ted NS(I}
0.12

1'7°(2)= 146.0+1,361.7-843.6= 664.1.

1'73(2)= (0.173 IX843.6)= 146.0

TABLE 196. REPORTED PROPOaTJONSCHILDLESS AND OF PARITY NOT
IfAT!DAMONG EVER·MAUlED wOMEN.THAILAND,I970

Then, the estimated number of childless women among aU of the
women iscomputed by adding the number of singlewomen to 1'70°.

Once thc cstimatcd true proportions childlcss are computed, the
estimated number of childless women among the ever-married
noO(i), can be obtained by using equation (D.4). Thus. for age
group 20-24,

Therefore,

= ~.. htia ..,t:'3,.. 1 Zr/J) NStl)
(I) (1) (J) f~

15-19 .................... I 0.4158 0.0660
20-24 .................... 2 0.0702 0.1176
25-29 .................... 3 0.0267 0.0586 0.00
30-34.................... 4 0.0160 0.0374
35·39.................... 5 0.0128 0.0313

TABLE 197. ADlUIfED DATA USING PROPORTIONS AWONO EVEIl·WARIlJED
WOMEN. THAILAND. 1970
(Popu/lIIioIt III t1ltJu»td.J)

Aft,..
(I)

'''*'I
aJ

J)w

'='%&(1)
(J)

' ....-::.,-n°(l)
(J)

15-19 .
20-24 ..
25·29 ..
30-34 ..
35·39 ..

I
2
3
4
5

0.4671
0.1731
0.0706
0.0387
0.0294

167.0
146.0
68.0
38.3
26.7

1694.8
664.1
247.8
125.8
77.7

1880.1
1349.3
1129.2
1062.6

944.3



3. C'cNMIMI.rCHldttQiWeXlllflPk
Toconclude. it should be pointed out that it isextremely important

10 know how the data on fertility were collected in orderto choose a
..itab1e adjustment procedure. Lack of information on thesources of
theda~ beina used may cause serious estimation errors. Anexample
or one possible error is illustrated in table 198. which shows the
adjUSled proportions orchildless women, theiractual numbers and the
adjusted number or women or known parity for Thailand in 1970.
These values were estimated byassumina. incorrectly. that the fertility
information referred to aU women. Underthisassumption. the com·
putational procedure fordata on aU women (section C) was used to
arrive at the estimates given in table 198. A linewasfitted by using
1east squares 10 !he fourpoints ranpng from agegroups 2 to 5. The
parameters y and flestimated in !hisway have!hevalues:

y= 1.3539
and

fl=0.0152.

A comparison between !he estimates or n· and FP- shown in
table 198 and thecorrect values given in table 197 reveals that !he two
Fp· values are relatively similar. allhouSh !hedift'erences between !he
correct value and !hat from "all women" are not trivial. However. a
areatdift'erence isevident between thetwotypesofn· estimates (!he
true number childless). Thisdift'erence is easy 10 explain: !he n·
values obtained when proportions calculated with respect 10 ever­
married women are used as inputincorporate the single women, while
!hO$C obtained using proportions amonsallwomen do notincorporate
them. orcourse. if one knows thatsingle women were assumed to be
childless. !heappropriate adjustment can be made. Butknowledge or
!his assumption implies knowledge of the data sources. and such
knowledge should allow the investigator to c:hOO$C !he appropriate
adjustment procedure in the first p1a~ so !hat no such errors would
arise.

TABLE198. ADJUSTEDDATA USINO PROPORnONSAMONO ALLWOMEN. lASED ONAN
INCO&RECT ASSUMmON. THAILAND.1970

(PoptdtIIloII III 11unwmds)

~
NritIIIttwtt/-= 5 7lw ...... .,.

"'.Z:' ...... *-.... ,.... dtIIt/InI
~'i)'(;f I ~J NS(IJ ZO(/) nO(1)

(1J 0 (4J m (IJ (7J

15-19..................... I 0.0789 0.0125 0.0762 143.7 1856.1
20-24.................... 2 0.0435 0.0729 0.1012 137.8 1341.0
25-29 .................... 3 0.0225 0.0494 0.0567 64.8 1126.0
30-34 .................... 4 0.0147 0.0344 0.0339 36.5 1060.7
35-39.................... 5 0.0121 0.0297 0.0266 25.5 943.0
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THE MEAN AGEOF CHILDBEARING

A. DIRECT METHOD FORCALCULATION OF MEAN AGE
OF CHILDBEARING

I. Basis ofmethodandits rationale
The mean age of childbearing is the average age at which women

bear their children, in the absence of mortality and age-distribution
effects. It is a measure of the timingof childbearing for a mortality­
freecohortof women passing throughtheir reproductive life,or, alter­
natively, fora setof periodage-specific fertility rates.
. If one denotes byf (i) the fertility rate experienced by women in
the age group from 5i +10to 5i+14, the mean age of childbearing, Ii,

isdefined by

tality, the data required for the calculation of 1£ are either not available
or are seriously ftawed. Two methodsfor estimating the mean age of
childbearing, Ii, have been proposed for such cases. It is worth noting
here that while equation (A.I) is exact (except for groupingerrors)in
the sense that it defines Ii, the methods and equations presentedbelow
are onlyestimators of j£.

2. Estimation methodJI
Let P(2) be the averageparity per woman(number of childrenever

born divided by the number of women)reported by women aged 2()'
24 and P(3) be the average parity of women aged 25-29. Then, by
usinglinear regression, it wasestablished that a good predictorof 1£ for
populations where there is little practice of birth control is the-ratioof
P(3) overP(2) in accordance with the following equation:I I

1£= ~a(i)f(i)/~f(O
1=1 1=1

(A.l)

11=2.25(P(3)/P(2»+23.95. (B.I)

f(i)= y(i )m(i);

TABLE 199. STANDARDNATURAL FERTILITY SCHEDULE FOR
MARRIED WOMEN

• Based on MimulJl JV: Methods of EstimaJing Basic Dmwgraphic
Mta.JllJYs (rom Incomplete Date(United Nationspublication, SalesNo.
E.67.Xllr.2).

If one denotes these model fertility rates by y(i). the rates for the
population in questionwould be computedas the productof the pro­
portions marriedand the maritalfertility rates,that is,as

"'-111IIftr/ltlly
,."

y(1)
(J)

1.2 - 0.7m(1)1
1.000
0.935
0.853
0.685
0.349
0.051

I
2
J
4
5
6
7

1_"
1

(2)

I Proportion marriedin age group 15-19.

15-19 .
2().24 .
25-29 .
3().34 .
35-39 .
40-44 .
45-49 .

and oncef isobtained, the calculation of p. iscarriedout asdescribed
abovein subsection A.3.

Allthesemethodsof estimation are used in the following example.

This estimate of p. is relatively accurate and very simple to obtain.
Besides, it requires as input data only the values of P(2) and P(3),
which are veryfrequently available.

3. Estimation method2
When only the proportions of women married in each age group,

m(i), are known, a mean age of childbearing can be calculated by
assuming that marital fertility has the same shape as natural fertility.
This assumption is valid only for populations where there is verylittle
practice of birth control within marriage. Furthermore. for the
estimated mean age of childbearing to be representative of the entire
population. illegitimacy mustbe rare.

The standard natural fertility schedule for marriedwomen isshown
in table 199. Note that the value of the marital fertility rate at ages
15-19 depends upon the proportion of women married during those
ages, m (I). Allother ratesare fixed.

wherea(i) is the central age-point in the ith age interval, and I is the
agegroupcontaining the upper age-limit of the childbearing span.

2. Data "quimJ
As equation (A.l) indicates, knowledge of the fertility schedule to

which the population of interest is subject is sufficient to provide an
estimate of j£. Sincefertility rates are usually obtained by dividing the
number of birthsoccurring during a given time period by the person­
yearslivedby the population subject to the risk of childbearing during
that period.it follows that the data requiredare:

(a) The total number of births occurring during a given year,
classified by ageof mother; .

(b) The number of women at the mid-point of the year in question,
classified byage.

Knowledge of thesedata wouldpermitthe calculation of periodfer­
tility ratesfrom which a periodmean ageof childbearing can be calcu­
Iatedmaking use of equation(A.I ).

When cohort fertility rates specific by age are available, a cohort
mean age of childbearing can be computed. In some instances, the
fertility rates available correspond neither to a well-defined time
periodnor to a single cohort.In suchcases, even thougha mean age of
childbearing can still be computed. its use as a parameter indicating
the timing of childbearing is valid only under the assumption of
unchanging fertility. Bearing this in mind, the wayin which 1£ is com­
puted isdiscussed in the nextsection.

3. Computational procedure
The stepsof the computational procedure are given below.
Step I: calculation of fertility rates. The fertility rate for group i ,

denoted by f(i), is calculated by dividing the number of birthsoccur­
ring to women in age group i by the total number of women in that
agegroup.

Step 2: calculation ofmean ageof childbearing. The denominatorof
equation (A.l) is calculated by adding the fertility rates obtained in
the previous step. Usually, the age groupsconsidered range from that
beginning at age 15 to that ending at age 49. Then the central age for
each of the age groupsconsidered is calculated and multiplied by the
corresponding fertility rate. Addition of all these products(again using
as limits of summation the age groups containing ages 15 and 49)
yields the numeratorof equation (A.I ). Therefore, its division by the
sumof thef (i) valuesyieldsthe valueof j£.

B. OTHER METHODS FORESTIMATING MEAN AGE
OF CHILDBEARING

I. Necessity ofthese methods
Frequently, in countries lacking adequate data on fertility or mor-
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TABLE200. PROPORTIONS OF WOMEN BVMARITAL STATUS. NUMBER OF WOMEN
ANDCHILDREN BORN IN 1961

::=::w ,..,
~tJ/"'1:;._ tJ/

AI' I"." t;t 111.... - ..... 11I

'7lf 1 0(1) ("""".",,) 1961
(2) (J) (4) ($) (II)

10-14 .................... 0 0.100 0.003 1832 0
15-19 .................... I 0.251 0.011 1585 325
20-24 .................... 2 0.054 0.021 1365 361
25-29 .................... 3 0.019 0.031 1166 326
30-34 .................... 4 0.010 0.066 995 195
35·39.................... 5 0.008 0.121 838 114
4044 .................... 6 0.001 0.205 105 21
4549 .................... 1 0.006 0.302 625 I

C. A DETAILED EXAMPLE

I. Datau.s«!
The data shown in table 200 correspond to a population

enumerated in 1961. The mean age of childbearing is to be estimated
for this population.

2. Direct calculation of mean a~ ofchiltbarlng
StqJ J: calculation ojfenilit)· rates. Table 200 shows the number of

women enumerated in 1961 and the number of children born in that
year (obtained from vital registration data) classified by age of mother.
The fertility rates,f (i). for each age group can therefore be calculated
simply by dividing the number of births in 1961 by the corresponding
female population (this population was enumerated near the middle
of the year, so that adjustment is not necessary). Values of f(i) are
listed in column (3) of table 201:For i = 3,f(i) is calculated explicitly
here:

f(3)= 326/1,166= 0.2196.

TABLE201. CALCULATION OF MEAN AOEOF CHILDBEARINO
BVTHEDIRECTMETHOD

QNnI/ A,.IIIft/!:"
t"." FMIII1f- :0 jirfl1f

AI'K!"" 1
1J~ "'~~J(2) (4) ( J

15·19 .............. I 0.2050 11.5 3.59
20-24 .............. 2 0.2644 22.5 5.95
25·29.............. 3 0.2196 21.5 1.69
30-34 .............. 4 0.1960 32.5 6.31
35·39.............. 5 0.1360 31.5 5.10
4044 .............. 6 0.0298 42.5 1.21
4549 .............. 1 0.0016 41.5 0.08

TOTAL 1./124 30.05

Slep 2: calculation of mean age of childbearing. Column (4) of table
201 shows the central age values corresponding to each of the age
groups considered and column (5) shows the products of these central
ages by the observed f (i) values. The sums of the latter and of the
products just calculated are shown in the line marked "Total", that is,

1

~f(i)= 1.1124
1=1

and

1
~a(i)f(i)= 30.05.
1=1

So that, by equation (A. I),

p.=30.05/1.1124=21.01.

It is important to point out that only when the assumption of
constant fertility holds true is this value of p. equivalent to that of a
cohort. If the fertility schedules followed by di/l"erenl cohorts in the
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popUlation are di/l"erent, the value of p. calculated above is that of a
composite parameter that does not refer to any cohort, but rather to
the experience observed during a certain period (1961 in this case). In
the latter case, inferences drawn from it must be treated with caution.

Furthermore, note that the central ages, a(i). used in computing the
mean age of childbearing. Po are highly dependent upon the way in
which information on births in a year is conected. Wilen the number
of births occurring in a given year is obtained by means of a sample
surveyor a census and the age of mothers is ascertained as of the ti~e

of the survey and not as of the date on which the most recent birth
took place. it is clear that most mothers were younger at the time of
this birth than at the time of the surveyor census. If it can be assumed
that births are uniformly distributed in time. women were. on the
average, six months younger at the time their births in the past year
took place. Therefore. the true age groups considered when using sur­
vey data are shifted by six months to the younger ages, becoming
14.5-19.5, 19.5-24.5 and so on, instead of the usual 15·19.20-24 ete.,
and, in consequence, their "central ages", a(i). are also six months
smaller (11. 22, 21, 32, 37 etc.), In general. these central ages should
be used when calculating 14 from survey data.

3. EstimDtion ofmean ageofchiltbarlng
IUing methodJ

Next to be estimated is the mean age ofchildbearing, p.. by mellns of
the equation (B.I). For the population under consideration, it is
known that P(2)= 2.389 and P(3)= 3.812, so that the calculation of 14
is straightforward:

14=(2.25)(3.81212.389)+23.95 = 27.54.

Once more, this value of 14 is equivalent to that of a cohort only if fer­
tility has remained constant during the past 30 or 40 years. When fer­
tility has been changing, p. calculated as given above represents, at
best. a rough "average mean" for younger cohorts (those under age
30).In such a case, its value should be interpreted with caution.

Note that the estimate ofp. obtained here is slightly greater than tI1at
obtained by the direct method, probably because equation (B.I) was
obtained from data pertaining to populations that practise lillie birth
control, and it is therefore likely to overestimate the mean age of
childbearing in populations where some limitation of family size is
common.

4. EstimQJion ofmean age ofchildbetJring
/ISing method2

According to this method, marital fertility is assumed to have the
same pattern as natural fertility (that is, it is assumed that no parity·
dependent birth control is practised by the population in question).
Under this assumption. a value of p. can be obtained from knowledge
of the proportion of married women in each age group.

The proportion of married women in each age group is equal to one
minus the proportion of women who are single. widowed or divorced.
Thus,

m(i)= I-s(j)-w(i)

where m(i) is the proportion married in age group i; s(i) is the pro­
portion single; and wei) is the proportion widowed or divorced in the
same age group.

Column (3) of table 202 shows the values of m(/). Column (4)



TAILE 202. EsnMAnoN OF MEANAO~OF CHILDlEARINO. 1'.IV USINO METHOD2

15·19 ..
20-24 ..
25·29 .
30-34 .
35·39 ..
40-44 ..
45 9 ..

TOTAL

,..
I

(l}

I
2
3
4
5
6
7

0.732 0.688 0.S03
0.925 1.000 0.925
0.944 0.935 0.883
0.924 0.853 0.788
0.871 0.685 0.597
0.788 0.349 0.275
0.692 0.05I 0.035

4.006

17.5
22.5
27.5
32.5
37.5
42.5
47.5

8.80
20.81
24.28
25.61
22.39
11.69
1.65

1IS.24

shows the valuesof y(1),Ihe standard natural fertility schedule, copied
fromtable 199. Note that y(1)wasobtainedas

y(1)= 1.2-0.7(m(l»= 1.2-0.7(0.732)= 0.688.

Column (5) shows the valuesof I(i) as estimated by multiplying
the enlnes form (I) in column(3) by y(1) in column(4). Usingthese
valuesof1(1) and Ihecentralages.a(I), listed in column(6), the pro­
ducts a(i)/(i) are obtained. Then the value of" is computed by'
dividing the sum of Ihese products(shown as "Total" under column
(7» by the sum of the I(i) values (shown as "Total" under column
(5»:

1'= 115.24/4.006= 28.77.
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As might be expected, thisvalueof I' ishigher than either of the two
estimates obtained previously, because natural fertility, embodying
unrestricted fertility at older ages, represents an upper bound to Ihe
fertility experience of a human population. In thissense,the valueof"
just c:akulated isprobablyalsoan upper limitfor the true valueof fA.

In conclusion. by usingthe three possible methodsof estimatingthe
mean age of childbearing, '" an equal number of dill'erent values for
this parameter has been obtained. The estimatederived directlyfrom
observed data and the definition of" is preferred.but were thosedata
unavailable. method I wouldproducea relatively goodestimateof the
desired parameter. The value of" obtained by assuming that marital
fertility is c:IoIely approximated by natural fertility is, on the other
hand. unacceptable. In general,method2 is to be avoidedifat aU p0s­
sible.
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LINEAR INTERPOLATION

A. COMPUTATIONAL PROCEDURE

Interpolation is used frequendy in this MtIIIlIIlI; and because
simplicity is the main criterionwhen choosingthe type of interpolation
that is to be performed.the linear type isveryoRen preferred.

It is well known that any two points dellne a line uniquely. There­
fore. if three pointsare to lie on a straight line. but only one of the co­
ordinates of the third is known. the other one is uniquely determined
and can be calc:ulated. Thiscalc:ulation isdescribed below.

Consider the line dellned by the points (x I,ll) and (x2,lV' A third
point (x.1) would lieon this lineonly if the following relation holds:

O'2-11)/(X2-X .)= 0' -l.)/(x -x .). (A.I)

that is, only if the slope of the line defined by (x 1.1.) and (x 2'1 2)is
exactly the same as the slopeof the one dellned by (xl.ll) and (x .y).

Now suppose that the value of x is known. but not that ofy. Solv­
ingfor1 in equation (A.I ). the following expression isobtained:

The third point, that for which the ordinate is unknown. is (0.0169.
1). Acx:ording to this identification,

9= (0.0169-0.01SO)/(0.02oo-0.0 I50)

= 0.001910.0050= 0.38

and therefore

1 = (0.38)(0.0304)+(0.62)(0.0264)= 0.0279.

Note that in this example the abscissae of the points defining the
line were ordered by increasing value, that is, xI<x2' Furthermore.
x.<x<x 20 so that the value of 8 can besaid to equal

9= (central - smallest)/(largesl - smallest). (B.I)

Usingthis mnemonic notauon, equation (A.4)can be transformed to

and

(x I.lt)= (0.01 SO, 0.0264)

(x2.1v= (0.0200. 0.0304).

(B.2)1 = 9y(largesl)+( 1.0-9)1(smallesl)

NOIe that in the application of equation (B.2).8= 0.18 is multiplied
by the value of q(2) associated with the largest level used. namely 17.
and not by the largestq(2) value. Becausein this case: the largest level
isassociated with the smallestvalue of q(2). the distinction isessential.

8= (15.36-15)/(17- 15)= 0.36/2= 0.18.

and by equation (B.2)

1 = (0.18)(0.0858)+(0.82)(0.1164)= O. 1109.

D. THIRD EXAMPLE

This example examines a case of extrapolation, rather than one of
interpolation. Extrapolation takes place when the value of .r does not
fall between the values x 1and x 2' but rather, is outside the interval
defined by them. When this is the case, 9 is either negative or greater
Ihan one. Yel, equations (A.4) and (A.5) still hold true and may be
used to calculate the missing value1.

Consider then the following problem. According10 the Wesl model
life tables. at level 2I the expectation of life at birth for males is66.02.
whileat level23 il is 71.19. The question iswhat the value of eowould
beat level24.

C. SECONDEXAMPLE

Among the West model life tables, Ihe q(2) value 0.0858 is associ­
ated with mortality level J7for females. while at mortality level IS the
value of q(2) for females is 0.1164. The question then is what the
femalevalue of q(2) would be at level 15.36.

Since three dilferent values for Ihe levelare cited. and only two are
given for q(2). the levelsare taken as abscissae and the q(2) values as
ordinates.Then. ac:c:ording to mnemonicequation (B.I),

where1 (smanest)does not mean Ihe smallesll value. bUI rather. the
1 value associated with the smallestx ; and similarly. y(largest) is the
value associated wilh the largestx value used.

These mnemonic expressions do not improve the clarity of equa­
tions(A.4)and (A.5),but they are included here in the hope Ihatthey
may allow the user to perform linear interpolation correctly and in as
mechanicala way as possible. They are used in the next example.

(A.5)

(A.4)

(A.2)

(A.3)

where

1 =«x -x 1)/(x2-X 1»12+

(1.0-(x -x 1)/(x2-X 1»1 ••
an expression that can be rewrittenas

,=9'2+(1.0-9)'1

whichallowsthe calc:ulation ofl if (x 1.1 I),(x201V and x are known.
However. equation (A.2) is not the simplestequation that one can use
in calc:ulating 1. A better expression is obtained by reamnging its
termsin the following way:

Equations (A.4) and (A.5) suggesta way in which linear interpola­
tioncan be performed in twosimplesteps. First.calc:ulate the value of
9. the "interpolation factor". solely by using the values of the
obsefved abscissae (x -vahies), Then, use equation (A.4) to calculate
the desiredinterpolatedordinate, y.

Thesesteps are simpleenough. but in following them it is important
to match the indices properly. Note that although 9 is obtained by
pivotingon x. (this value is the only one repeated in equation (A.5»,
its value (that of 9) is "applied to" or multiplied by 12 in equation
(A.4),while11 ismultiplied by(1.0- 9).

Socite of the eases where linear interpolation arises in this Manual
are illustratedin the following examples.

.B. FIRST EXAMPLE

The birth rate of a West model stable popUlation at monality level
19 and growth rate O.OISO is 0.0264. If the growth rate were 0.0200,
the value of the birth rate would be 0.0304. The question then iswhat
the birth rate value is for a population with the same mortality level
and a growth rate of 0.0169.

To answer this question by usinglinear interpolation, the two points
dellning a line must be ideRlilled first. The c:o-ordinates of each point
are the pair of (growthrate, birth rate) values; thus.
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Once 1IIOIe, the levelsare taken to represent the abscissae values;
therefore,

8= (24-21)/(2~-21)=312= 1.5.

a value,u expected, peater than one. In the secondstep.y is calcu­
latedu UIUa1:

y= (1.5) (71.19)+( -0.5) (66.02)= 73.78.

Note that since8 isgreaterthan one, (1.0-8) is negative. Further­
1IIOIe, because the values of life expectancy at birth increase as the
level or mortality increases (that is, the slope of the line associating
level with~o values is positive), it is expectedthat to at level24 would
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be greater than that at level 23. This common-sense check would
immediately permitone to discard the value

y.= (1.5)(66.02)+( -0.5) (71.19)= 63.44

that would be obtained if. by mistake the values8 and 1.0- 8 were
not matchedto the rightindices.

As a final comment. it should be pointed out that linear extrapola­
tion is not recommended in mostdemographic applications. since the
assumption of linearity outside the bounds of printed or otherwise
known quantities is difficult to justify. Therefore. in choosing the
valuesx I and x2 that will be used as anchors for linear interpolation.
one should select, if at all possible, those which enclose the reported
valueofx.



Annex Y

SMOOTHING OF AN AGE DISTRIBUTION

A. BACKGROUND OF METHODS

Throughout this Manlllli. stress has been laid on the fact that age
distributions are frequently distorted by age-misreporting. Although it
is not recommended that age distributions be smoothed- or adjusted
prior to applying any of the analytical procedures described in the
main body of this Manlllli. on the grounds that their results may be dis­
torted by the smoothing or adjustment process. an age distribution that
is smooth and as close to correct as possible is still useful. particularly
as a basis for population projections. This annex describes and illus­
trates some fairly simple procedures for adjusting distorted age distri­
butions; the techniques d.escribed in secrion B can be applied 10 a sin­
gle age distribution. whereas the procedure described in section C
requires a series of two or more age distributions.

B. SMOOTHING ANDADJUSTMENT OF ASINGLE
AGEDISTRIBUTION

I. Fitting ofa stable population
The most drastic form of adjustment for an age distribution is to fit a

stable population to the population being studied. following the pro­
cedures described in chapter VII. and to adopt the age distribution of
the stable populanon as a representation of the true age distribution.
The adopted age distribution will be free of al1 irregularities. whether
these are true or the result of error. and will also be free of any feature.s
that the actual age distribution does not share with the models. Thus,
the extent of adjustment may be more severe than is actually required.
but the result will at least be internally consistent.

This procedure is not described in detail here. nor is it illustrated.
since the methods for filling a stable population are covered
thoroughly in chapter VII.

2. Reduction of ~ecls ofage-heaping
(a) IJasis of1Mlhodandits rationale

Smoothing and adjustment procedures are usual1yapplied to cumu­
lated age distributions (that is, to the number of persons or the propor­
tion of persons under given ages) since the process of cumulation
removes the effects of errors that do not result in a net transfer of peo­
ple across each of the age boundaries used. If heaping tends to
transfer people whose true ages are both under and over an attractive
age to this age. the use of attractive ages as boundaries for cumulation
will not minimize the effects of heaping on the cumulated age distri­
bution. In such circumstances. Ihe use of age boundaries half-way
between attractive ages would probably minimize net transfers across
boundaries.b Therefore, a simple way of smoothing age distributions
would be to fit a succession of polynomials to the reported population,
expressed either as numbers of persons or as the proportions of persons
under ages a +3. a +8. a + 13 and a + 18. where a is a multiple of five.

- The term "to smooth" is used in this Manlllli in its most general
sense to mean Ihe elimination or minimization of irregularities often
presem in reported data or in preliminary estimates obtained from
them. In thiS sense. the set of possible "smoothing techniques"
encompasses a wide variety of procedures, ranging from the fitting of
models to simple avera&ing. The traditional smooth in$. techniques
applied to age distributIOns and to observed age-specific mortality
rates are part of this set. but they do not exhaust it. The somewhat
rouper procedures described in this Manual are necessary because the
basiC data available are both deficient and incomplete.

b Ken Hill. Hania Zlotnik and Jane Durch, Procedures for Reducing
tlteF./!ects of AgeEfron on Indirect Demo~hic Enimotion Tecluri~
LabOratories for Population Statistics Scientific Report Series No. 35
(Chapel Hill. North Carolina, Carolina Population Center, 1982).
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and to compute the values of these polynomials over their central
ranges in order to obtain a smoothed single-year age distribution.

However, the problem of smoothing is somewhat complicated by
the fact that ages ending in zero are general1y more attractive than
ages ending in five, so that the cumulated population under ages end­
ing in eight will tend to be too small, whereas the cumulated pop­
ulation under ages ending in three will tend to be too large. This ten­
dency can be allowed for by fitting two polynomials, one to cumulated
populations under ages ending in eight and one to cumulated popula­
tions under ages ending in three. The two polynomials would then be
evaluated over a common central range; and best estimates of the true
cumulated population. relatively free of heaping effects, would be
found by averaging.

(b) Data required
The information needed consists of the population classified by sex

and single year of age. preferably up to age 85 or beyond.

(c) Computationalprocedure
The steps of tile computational procedure are given below.
Step I: cumulation of population counts. For each sex. the population

under each age ending in three (3, 13,23 and so on) and in eight (8,
18.28 and so on) is required. The single-year age distribution is used
to obtain the required numbers; the population under 3 years is the
sum of persons aged O. I and 2. the population under age 8 can be
found by adding the numbers aged 5, 6 and 7 years to those aged 0-4,
and so on. Note that there is no need to use proportions; it is simpler
to use the actual numbers. .

Step 2: fitting of polynomials to the cumulated age distribution. A
third-degree polynomial is filled to the population under ages
a +3, a + 13.a +23 and a +33. where a is an age ending in zero, and
evaluated between a + 13 and a +23; such a polynomial will probably
overestimate slightly the population under each age because of the
heaping bias. A similar polynomial is filled to the population under
ages a +8. a + 18,a +28 and a +38. and again evaluated between the
ages of a + 13 and a +23; such a polynomial will probably underesti­
mate the population under each age. Therefore, to reduce those
biases, the estimated population under each age within the range
a + 13 and a +23 can be calculated as the average of the estimates
produced by each polynomial;' as long as the gain of each zero is a loss
of a neighbouring five the resulting cumulated age distribution should
~ almost free of heaping effects and can be broken up into conven­
tional five-year age groups. The process continues by increasing a by
10. Note that ages under 13, which fortunately do not often exhibit
the typical heaping patterns, require special treatment; and that. in
general, the technique can only be applied up to age 72 (assuming that
a single-year age distribution is available up to age 85).

The population under age 13 can be smoothed by fitting a third­
degree polynomial to the estimated population under ages 0, 10, 20
and 30. The populations under ages 20 and 30 will already have been
obtained as described above. The population under age 10 can be
estimated from both of the first two polynomials. that beginning from
age 3 and that beginning from age 8. and an average used as an esti­
mate. The population under age 0 is, of course, zero. The polynomial
fitted to these four estimated values can then be calculated between
ages 0 and 13. Note that this procedure is likely to produce some fairly
minor discontinuities in the smoothed single-year age distribution,
though the distribution by five-year age groups should be unaffected.

In order to obtain an age distribution in conventional five-year
groups adjusted for the effects of heaping bias. a short-cut can be used
that avoids calculating the coefficients for every polynomial and
instead estimates directly the pope 'ion under iwo exact ages. If one



denotes by N(x ,..) the population under age x, the population under
age II +12ispen by

R«II + 12)-)= -0.048N(a -)+O.864N«a + 10)-) (B.I)

+0.216N«II+20)- )-0.032N«a +30)-).

and the populationunder agea + 17isgivenby

N«II + 17)-)= -0.0455N(a - )+0.3315N«II + 10)-) (B.2)

+0.7735N«a+20)-)-0.OS9SN«a +30)-).

Thus, if II is equal to 3, the population under age 15willbe given by
equation (B.I) and the population under 20 by equation (B.2). If a is
equal to 8, on the other hand, equation (B.I) willgive the population
underage 20and equation(B.2)the population under 25.

For the specialcues at the beginningof the age range, the following
equation can be used to estimate the population under age 10 from
the populationsunder ages3, 13,23 and 33,and the population under
age 15fromthe populationsunderages8, 18,28and 38:

R«II +7)-)=O.l495N(a -)+1.0465N«II +10)-) (B.3)

-0.2415N«a +20)- )+0.0455N«a +30)-).

The estimate of the population under age 10 from the populations
under ages8, 18,28and 38can be obtained from

N(l0-)=0.672N(8-)+0.S04N(18-) (B.4)

-0.224N (28- )+O.048N(38- ).

The estimate or the population under age 5 from the adjusted
population under ages 10,20 and 30 can be obtained usingthe equa­
tion

R(5-)=0.9375N(10-)-0.312SN(20-)+0.0625N(30-). (B.5)

Then, to reduce even more the possible biases caused by age­
heaping. "best estimates"of the population_under each age x, multi­
ple of live,are obtained by averaging the N(x -) estimatesobtained
above whenever two such estimatesare available for a givenx, Thus.
the final estimatesof the population under age x ;N '(x -). are com­
puted as

where the subindices3 and 8 indicate that the intermediate N(x-)
estimates are obtained from ages ending in three and eight, respec­
tively.

Lastly, for ages x at the beginningand at the end or the age range
(age 5, for example) for which only one N(x -) estimate is available.
N '(x - ) isset equal to it.

(d) A .tIiltd~JUJ1fIIM

The procedure described above is illustrated by applying it to the
age distributionof the male population of Sri Lanka, as reponed by
the fenility survey in Sri Lanka in 1975.c Table 203 shows the basic
data:

The computationalprocedureisdescribedbelow.

T,uLE203. M4E POPULATION. BYSINGLE YEAROFAGE, SRI LANKA, 1975

1fj ~ 1fj ~ 1fj ~ 1'i ~
0;............. 572 27.............. 3SO 54.............. 120 81.............. 3
I.............. 506 28.............. 366 55.............. 268 82.............. 8
2.............. 5SO 29.............. 267 56.............. 110 83.............. 5
3.............. 602 30.............. 383 57.............. 108 84.............. 4
4.............. S96 31.............. 265 58.............. 157 8S.............. 32
5.............. 637 32.............. 294 59.............. 81 86.............. 5
6.............. 600 33.............. 270 60.............. 261 87.............. 9
7.............. 643 34.............. 190 61.............. 65 88.............. 3
8.............. 607 35.............. 443 62.............. 85 89.............. I
9.............. 562 36.............. 220 63.............. 92 90.............. 8

10.............. 624 37.............. 183 64.............. 67 91.............. 0
II .............. S46 38.............. 288 65.............. 225 92.............; 0
12.............. 667 39.............. 192 66.............. 31 93.............. 3
13.............. 620 40.............. 342 67.............. 66 94.............. 0
14.............. 5SS 41.............. 147 68.............. 103 95.............. 7
IS.............. 6SO 42.............. 219 69.............. 34 96.............. 2
16.............. 545 43.............. 195 70.............. 160 97.............. I
17.............. SI7 44.............. 125 71.............. 26 98.............. 0
18.............. S29 45.............. 391 72.............. 41 99.............. 9
19.............. SI9 46.............. 132 73.............. SO Not
20.............. 5SO 47.............. ISO 74.............. 38 stated ... 0
·21.............. 417 48.............. 247 75.............. 130
22.............. 484 49.............. 126 76.............; 23 TOTAL 23918
23.............. 467 SO.............. 291 n .............. 21
24.............. 416 51.............. 139 78.............. 24
25.............. 460 52.............. 162 79.............. 8
26.............. 367 53.............. 169 SO.............. 71

SlIp I:~ ofpoptI1tJJkJtI COfIIIII. The numben of malesunder
... 3, 8, 13, 18 and so on are found by cumulating the numben in
-.ccaIive sinp-year aae pups up to, but not includina the upper
bouDdary age poup. Thus, if N (y) is the population or aae y and
N(x -,) is the populationunder age x,

.--1
N(x -): ~ N(y).,.0

Thus
N(3-)= N(O)+N(I)+N(2)= 572+506+SSO=1,628
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and
N(8-)= N(3-)+N(3)+N(4)+N(5)+N(6)+N(7)

= 1,628+602+596+637+600+643=4,706.

Full resultsare shown in table 204; the calculationsare continued up
to the population under age 88.

c Minist!)' or Plan Implementation. Depanment of Census and
Statistic:s, World Fmlilty Sluwy-Srt l..flItIuI, 19'15, FInI Rqot1 (Colom­
bo,1978).



TAILE204. ADJUSTMENT. FOR HEAPING. OF THE MALE AOE DlSTRIIUTlON. SRI LANKA, 1975

~.:£= ....... ,.".,.",.,.. • ....fr-II .... ,.".. ..., ....,_",111: =:: 6+4

• ...... II 7Irw
~t'

II
~ T(II (11 (JJ (41 (61

0 2928 2826
3 1628 5 (2928) 3016 3049
8 4706 10 5912 5975 5944 2974 3012

13 7712 15 8879 8956 8918 2706 2760
18 10599 20 11618 11629 11624 2325 2334
23 13098 25 13946 13951 13949 1865 1810
28 15158 30 15790 15837 15814 1485 1402
33 16733 35 17304 17293 17299 1244 1326
38 18039 40 18563 18523 18543 1100 1028
43 19227 45 19661 19624 19643 989 1046
48 20220 50 20654 20609 20632 872 881
53 21185 55 21514 21494 21504 732 724
58 21960 60 22241 22'231 22236 579 570
63 22609 65 22821 22809 22815 440 459
68 23090 70 23255 23254 23255 323 315
ts 23454 75 23578 23578 341· 377·
78 23716
83 23830
88 23885

• Population aged 75 and over.

St~p 2: jiltingofpolynomials to the CIIIfIultJt~d. distribuJion. Esti­
matesof the population under ages 15. 20 and so on. up to age 75 can
be obtained from polynomials filled to the numbersunder agesending
in three or eight by the use of equations (B.I) and (B.2). Thus. the
population under ages 15 and 20 can be found as follows using the
popUlations under agesending in three:

N,(15-)= -0.048N(3-)+0.864N(13-)+0.216N(23-)­

0.032N(33-)

= (-0.048)(1.628)+(0.864)(7.712)+(0.216)(13.098)+

( -0.032)(16.733)

=8,878.7

and

N,(20-)= -0.0455N(3-)+0.3315N(13-)+0.7735N(23-)­

0.0595N(33-)

= (-0.0455)(1.628)+(0.3315)(7.712)+(0.7735)( 13.098)+

( -0.0595)(16.733)

=11.618.1:

and the populations under ages 20 and 25 can be estimated from the
populations under agesending in eight:

Na(20-)= -0.048N(8-)+0.864N(18-)+0.216N(28-)­

0.032N(38 - )

= (-0.048)(4.706)+(0.864)(10.599)+(0.216)(15.158)+

( -0.032)(18.039)

= 11.628.5

and

N.<25-")= (-0.0455)(4.706)+(0.3315)(10.599)+(0.7735)( 15.158)+

(-0.0595)( 18.039)

= 13.950.8.
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Equations(B.I) and (B.2) are then applied to the populations under
ages 10 yearsolder and the process is repeated up to age 75. The full
set of estimatesbased on ages ending in three is shown in column (4)
of table 204.whilecolumn (5)showsthe estimatesobtained fromages
ending in eight. Estimates of the population under age 15 based on
populations under agesending in eight and of the populationunder 10
based on populations under ages ending in three are obtained by
applyingequation (B.3): '

Na(15-)= 0.1495N(8-)+ 1.0465N(18- )-0.2415N(28-)+

0.0455N(38-)

= 8.955.5

and

N,(IO-)= 0.1495N(3-)+ 1.0465N(13- )-O.2415N(23-)+

0.0455N (33 - )

=5.912.2.

The estimate of the population under age 10 from populations
under ages8. 18.28 and 38 isobtained by applyingequation (8.4).

Once two estimatesare available for each of the populationsunder
agesending in zeroor five. from 10 to 70. a bestestimateat each age is
obtained by averaging the two values corresponding to it. Thus. for
example.

N·(20-)= (N )(20-)+Na(2O- »/2.0

=(11.618+11.629)/2.0= 11.624.

Full resultsare shownin column(6) of table 204.
The population under age 5'is then found by substitutingbest esti­

matesof the populationsunder ages 10.20 and 30 into equation (8.5):

N·(5 -)= 0.9375N·(10-)-0.3125N~(20-)+0.0625N·(30-)

= 2.928.4.

The cumulated population estimates can then be successively sub­
tracted from each other to providean age distribution in five-year age
groups. the population aged from x to x +4 being obtained by sub­
tractingN·(x -) fromN.·«x +5)-). Thus. for age group 20-24.

slY». = N·(25-)-N·(20-)= 13.949-11.624= 2.325.



(b) Datarequired
(a) The population classifiedby sex and five-year age group;
(b) A standard age distribution by five-year age group. A stable

population subject to a growth rate and mortality rislcs similar to those
of the population being studied is usually a suitable choice.

(c) Computationalprocedure
The steps of the computational procedure are described below.
Step1: calculation ofproportiOns underagesending in zeroorfive. The

proportion of the population under each age x , denoted by C(x), is
found by summing the populations of each five-year age group below
the age in question and dividing the resulting sum by the total popula­
tion of known age, that is, excluding those of unstated age.

Step 2: calculation of Y-transj'onntJtion of the reported proportions
under agesfive years apart. The Y-transformation of each of the C(x)
proportions calculated in the previous step is obtained by using equa­
tion (8.6). .Por the sake of completeness, this equation is repeated
here:

where C(x) is the proportion of the population under age x. From
here on, the transformation defined by equation (B.6) is referred to as
the Y-transformation. Values of Y(x) for the population in question
can be plotted against standard values, YS (x), for a suitable standard
stable pOpulation; and deviations from an approximately parabolic
relationship can be noted (in practice, when the data are not
extremely distorted, this relationship deviates only very slightly from
that represented by a straight line). An adjusted age distribution can
be obtained by fitting a curve to the points that are regarded as least
biased and then reversing the transformation process to obtain a
smooth cumulated age distribution. Tests with model populations
have suggested that adequate results can be obtained by fitting a
second-degree polynomial (a parabola) to the selected points. a pro­
cess that is simplified because one can require the fitted parabola to
pass through the origin (since the population proportion under age
zero has to be zero) and through the means of both the fint half and
the second half of the selected points.

The followingdata are required for this method:

(B.8)

(8.9)

(B.7)

(B.IO)

(B.II)

Y*(x)= a(YS(x»2+~yS(x);

C*(x)= ( exp( Y*(x »)-1.0)/( exp( Y*(x»)+ 1.0).

where a and ~ can be estimated as

Y(x)= a(YS(x»2+~yS(x),

and

Y2 -
~=-=--aYS2

YS2

where (YS I' YI) and (YS 2' YI) are the mean points for the first and
the second groups, respectively. As usual, YS denotes the Y­
transformation of the standard.

Step 6: calculation of estimated agedistribution. Having estimated a
and fl, equation (B.7) can be used to obtain adjusted values of the Y­
transformation, Y*(x), which can. in tum, be inverted to produce esti­
mates of an adjusted age distribution. For the sake of completeness,
equation (8.10) indicates how the adjusted values Y*(x) are obtained
and equation (B.II) shows how an estimate of the adjusted C*(x). the
estimated proportion under age x, is calculated:

observed in the population being studied. Among these stable popu­
lations, the one having the same growth rate as the reported popula­
tion ispreferable.

Step 4: the Y-transformation of the standard agedistribution. Steps I
and 2 are repeated for the selected standard age distribution.

Step 5: relation of the Y-transformations of the reported and standard
agedistributions. A second-degree polynomial is assumed to represent
the relationship between the Y-transformations of the reported and
the standard age distributions. To simplify the fitting procedure. the
polynomial selected is that passing through the origin. the mean of a
fint group of points and the mean of a second group of points. where
the groups used are of equal size but exclude any extreme values that
fall well away from a likely parabola. Therefore. the fitted equation
has the form

Y(l5)= In[(1.0+C( 15»/(1.0-C(l5»)

= In[(1.0+0.3716)/(1.0-0.3716»)= 0.7806.

These C*(x) proportions can be multiplied by the total reported
population to find the estimated number of penons under age x , and
estimates of the population in five-year age groups can then be
obtained by subtraction.
(d) A detOiledexample

Once more, the age distribution of the male population of Sri
Lanka, as recorded by the fertility survey in 1975. is used to illustrate
this method (see table 203).

Step J: calculation 0/ proportions underages ending in zero or five.
Column (2) of table 205 shows the proportions under each age x ; mul­
tiple of five. denoted by C(x). also including in this case that under
age I.

Step 2: calculation of Y.trans/ormation of the reported proportiOns
under agesx five years apart. The proportions C(x) calculated in the
previous step are transformed. using equation (B.6). into Y(x) values.
Thus. for age IS.

(B.6)Y(x)= In[(1.0+C(x »/(1.0-C(x»)

Full results are shown in column (7) of table 204 and may be com­
pared with the reported age distribution shown in column (8).

3. Comparison with a standard agedistribution

(a) Basis ofmethodandits rationale

In some circumstances, when the quality of the age data is poor or
when ages seem to be affected by systematic misreporting other than
heaping, some adjustment procedure more drastic than that described
in subsection 8.2 may be necessary. One approach to such adjustment
involves the comparison of the reported age distribution with some
standard age distribution, followed by the adjustment of the standard
age distribution to reftect the main features of the reported one; the
result should be an age distribution that retains some of the broad
characteristics of the reported distribution while at the same time
being free of obvious bias.

In practice, a stable population derived from a suitable model life
table and having a reasonable rate of growth for the application in
hand can be used as the standard age distribution, particularly if there
is reason to believe that the actual population is stable or quasi-stable.
The comparison of the reported and model distributions is made easier
by the use of a transformation that linearizes the relationship between
age and the cumulated proportion of the population under each age.
In growing populations, such as those of most developing countries. a
suitable transformation is

Note that the Y-transformation of any proportion C(x) assumes
values ranging tiom zero to infinity.

Step 3: selection ofa st,andard agedistribution. The standard popula­
tion age distribution, against which the reported population is to be
compared, should be selected from that of stable populations whose
mortality level and pattern approximate as closely as possible those

Y(x)= In(1.0+C(x»/(1.0-C(x»). (B.6) The full set of Y(x) values is shown in column (4) oftable 205.
StepJ: selection ofa standard agedistribution. Procedures for fitting a

stable population to the one observed are presented in chapter VII
and need not be described again here. For Sri Lanka. a West model
stable population of mortality level 18. with a growth rate of 0.030,
was selected. The proportions under each age x for this population
are shown in column (3) of table 205. They are referred to below as
"standard proportions".
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TABLE205. ESTIMATION OF ANADJUSTED MALE AOEDISTRIBUTION BY USINO Y·TRANSFORMATIONS ANDTHE
WEST MODEL STABLE POPULATION ASSTANDARD. SRI LANk.... 1975

,...
~

dr'
0.0326
0.1497
0.2771
0.3878
0.4848
0.5697
0.6439
0.7090
0.7659
0.8156
0.8586
0.8955
0.9264
0.9515
0.9710
0.9848
0.9935

~r_
t-;:-
0.0653
0.3016
0.5690
0.8185
1.0585
1.2941
1.5296
1.7704
2.0209
2.2872
2.5759
2.8983
3.2641
3.6952
4.2178
4.8738
5.7323

~
(S)

0.0744
0.3437
0.6484
0.9328
1.2063
1.4749
1.7433
2.0178
2.3033
2.6068
2.9360
3.3035
3.7205
4.2120
4.8078
5.5558
6.5347

""f:r
0.0478
0.2375
0.5014
0.7806
1.0642
1.3385
1.5863
1.8103
2.0620
2.2973
2.5944
2.9215
3.2890
3.7033
4.2225
4.8394
5.6373

$lillWMa
(J)

0.0372
0.1702
0.3/33
0.4353
0.5393
0.6276
0.7022
0.7653
0.8183
0.8626
0.8992
0.9291
0.9527
0.9708
0.9838
0.9923
0.9971

~
0.0239
0.1182
0.2456
0.3716
0.4870
0.5845
0.6602
0.7188
0.7743
0.8173
0.8610
0.8978
0.9281
0.9519
0.9711
0.9843
0.9929

A'
"(IJ:~ ,-,- . ---:.~ ~ ..!:!.. ~~ ----!c:!-_

I
5

10
15
20
25
30
35
40
45
SO
55
60
65
70
75
80

"Coale·Demeny Westmodelstable population. level 18.r =0.03.

FIgure26. Plot of the Y-tra-ronnadon of thepnportIoas underlie 1C In therepoIted .....atlon
..alnst the Y ·tn-ronnadon of the equivalent proportions In thestandard, SrI Lanka. 1975

Fitted parabola:

Y·(x) =-0.0000458 (YS(x))2 +
0.8775 YS(x)

1.0

4.0

2.0

3.0

YS(x'

StqJ 4: the Y.transj'ornuztion ofthestDndard Dge distribution. Step 2 is
applied to the standard proportions under age x , with the results
shownin column(5)of lable 205.

Step 5: relDtion ofthe Y·tronsjormotions of the reporltdD1Id stDndard
age distributions. The [YS(x), Y(x») pointsshould be examined before

attempting to lit a parabola to them. so that outlierscan be discarded.
Figure 26 displaysa plot of the points,whichshow no obviousoudiers.
Therefore,a parabola passingthrough the origin. the mean of the first
nine points and the mean of the second nine points (the ninth point
being included in both groups)isselectedas an acceptable fit. Thus,
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and

Yt = (o.o478+0.2375+ · · · +2.0620)/9.0= 1.0476.

12= (2,0620+2.2973+'" +5.6373)/9.0= 3.5074,

YS t=(0.0744+0.3437+··· +2.3033)/9.0= 1.1939,

YS z= (2.3033+2.6068+'" +6.5347)/9.0= 3.9978.

Equations (B.8)and (B.9)can now be used to estimate the parame­
tersCIl and /lin equation (B.IO):

( 1.0 )( 1.0476 3.5074 0 000045
ex= 1.1939-3.9978 1.1939 - 3.9978)= - . 6

and

3.5074/l= 3.9978 -( -0.0000456X3.9978)= 0.8775.

Proportion In
• group from
.'0.+4

FIpre '1.7. Ae~ of lite results ofdifferent adjustmentproceduresfor
..Ieagedlstrllutloll,Sri Lanka, 1975

....... Observed

- - - Graduated

- Reference stable

o Adjusted for heaping only

0.15

0.10

0.05

20 30 40
Age.
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Sttp 6: calculation of tstimattd age distribution. Substituting the
values of a and fJ just obtained in equation (B.IO). we obtained
adjusted values of the Y-transformation. Thus. for age 15.

Y°(l5)= -0.0000456( YS(l5»2+0.8775 YS(15)

= -0.0000456(0.9328)2+(0.8775)(0.9328)= 0.8185.

Column (6) of table 205 sho.ws all the P(x) values. Then. the
estimated proportions under each age x are obtained by reversing the
Y·transformation by means of equation (B.II). Again using age 15as
an example.

C°(l5)= (exp(Y°(lS»)-1.0)/(expl YO(15») + 1.0)= 0.3878.

Column (7) of table 205 shows all the estimated C·(x) values.
Adjusted proportions in each five-yearage group can now be obtained
by subtracting from the proportion under age x the proportion under
each age x -5. Thus. the adjusted proportion in age group 15-19.
5C15. is found as

sC IS· = C ·(20) - C·(I5)= 0.4848-0.3878 = 0.0970.

Figure 27 shows a plot of the adjusted proportions in five-year age
groups. the corresponding proportions in the observed population. the
standard proportions and the proportions obtained by applying the
smoothing procedure described in subsection B.2. It is clear that the
male population of Sri Lanka has been drastically destabilized by de­
clining fertility. so that the procedure described in this section cannot
be expected to work well at younger ages; above age 25. however. its
resultsseem acceptable. and they provide an obviously better approxi­
mation to the observed population than the original standard age dis­
tribution on which the filled one is based. The age distribution
obtained when the effectsof heaping are removed as described in sub­
section B.2 is much closer to the reported distribution. damping only
slightly (and probably. at least. in the right direction) the effects of
destabilization at younger ages and retaining the trough in the
reported age distribution between ages 30 and 45. though smoothing
out its irregularities. In this particular application. where age­
reporting does not seem too poor and where the reported age distribu­
tion is clearly not stable. the smoothed age distribution obtained by
the procedure that merely reduces the effects of age-heaping (subsec­
tion B.2) is probably the best approximation available to the true age
distribution.

for the first census being made up of the adjusted populations of each
age group and that for the second census consisting of the projections
of the adjusted population from the first census. The final step is to
scale the two adjusted age distributions to agree with the reported total
population.

The method depends upon the availability of a suitable mortality
schedule in order to carry out the projection. and a mistake in the
specification of mortality will introduce a systematic bias in the results.
The other two assumptions involved. that of no change in enumera­
tion completeness and that of a constant proportional error for a given
age group at both censuses. may also be frequently untenable. A
change in enumeration completeness may result in large distortions of
the entire estimated age distribution if this method is applied. though
such large errors are likely to be obvious. Because of these potential
problems. the estimates yielded by this procedure. though useful. will
have to be carefully scrutinized before being adopted for future use.

2. Data"quirtd
The data required are listed below:
(a) The distribution of the population by age group and sex' from

two consecutive censuses. The method is most readily applied when
the intercensal interval is five years. but it can also be applied to a 10­
year interval. However. it is difficult and even inadvisable to use data
corresponding to intervals that are not multiples of five. since in such
cases the differential effects of heaping are likely to distort the results
obtained;

(b) A suitable set of survivorship probabilities referring to the inter­
censal period.

3. Compuuuionalprocedure

The procedure for this method isdescribed below.

Slep J: synthesizing of thepopulalion corresponding to a jive·yearinter­
Wll. If the two censuses were held 10 years apart. the first at time II

and the second at time '2' the method is best applied by inventing an
intervening age distribution. thus creating two five-year intervals. and
applying the method twice. The age distribution for the mid-point of
the IO-year interval can be created by finding the annual growth rate
ofeach age group from x to x + 4. as

and then applying the growth rate for five years to the initial popula­
tion:

sNx = sN i, exp(5.0r(x )1·

T~e projected population aged 5-9 is taken as the adjusted value.
sN2s. at the second census. Thus.

(Co)

(Co2)

(Col)

,N2s= <sN loXsLslsLo)·

The reported population aged 5-9 at the first census is then adjusted
bI k(5) to obtain the adjusted population aged 5·9 at the first census.
sN Is. and this population is then projected forward to age grouJl10-14
at the second census; thus.

Here. sN I.. and sN2.. denote. respectively. the reported populations
in the age group from x to x + 4 in the first and second censuses.

Sttp 2: projection of initial age dislribution. The population of age
group 04 at the first census is projected forward to age group 5-9 at
the second census. and an adjustment factor for age group 5-9 is
obtained as the ratio of the projected to the reported population aged
5-9 at the time of the second census. Thus. if k (x) is the adjustment
factor for the age group from x to x +:4.

I. Bosis ofmethodandits rationale
Demeny and Shorterd proposed a method based on intercensal

probabilities of survival to a~just the age distributions produce.d. ~y

two consecutive censuses. This method assumes that the probabilities
of intercensal survival are known. that both censuses achieved the
same level of coverage and that both suffered from similar propor­
tionate age-reporting errors, that is. that .the recorded population ~f

age.group x is equal to the true population of the age group multi­
plied by an adjustment factor typical only of the age group and not
changing from census to census. Given two censuses five years apart.
the population aged 04 at the time of the first census is assu~ed to be
correct and is projected forward to the second census. An adjustment
factor for age group 5-9 is then obtained as the ratio of the projected to
the reported population aged 5-9 at the second census. and this factor
is then used to adjust the reported population aged 5-9 at the first
census. The adjusted population aged 5-9 at the first census is then
projected forward to the second census. and an adjustment factor for
age group 10-14 is found as the ratio of the projected .to. the actual
population aged 10-14 at the second census. The chaining process
continues from age group to age group until the entire age range has
been covered. Two adjusted age distributions are then available. that

C. DEMENY ANDSHORTERADJUSTMENT TECHNIQUE
FORTWOAGE DtSTRtBUTtONS

d Paul Demeny and Frederic C. Shorter. Estimating Turkish Mortali·
ty. Ftrtilitya1td Age Structlll'f!. Statistics Institute Paper No.2 (Istanbul.
Istanbul University. 1968).

and
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where the first two tenns are simplythe adjusted population aged 10­
14at the IeCOIld census,that is,

~2Io= (~I~)(sLlo/sLs).

The procedure continues until the open-ended interval (which
requiresa slightly modified treatment) is reached. Since it is assumed
that the adjustment factor required is the same for both censuses, that
for the open-ended interval, k(A +), is equal to the ratio of the
adjusted to the reported populationaged A and over for both age dis­
tributions. That is,

k(A )= N2(A +) = NI(A +)
+ N2(A +) NI(A +>' (C.4)

4. A .tail«lexample
A part of the example given by Demeny and Shorter is presented

here to illustratethe calculations. The female populationof Turkey as
recorded by the 1955 and 1960 censusesis adjusted below. The basic
data are shown in columns(2) and (3) of table 206(the 1955 popula­
tion data have been adjusted in order to allowfor the effectsof migra·
tion). Column (4) showssurvivorship ratios taken from a South model
life table of level 16.3, with an expectation of life at birth of 58.25
years.

Step I: synthesizing of the population for a jive-year intel'Wll. The
actual intercensal interval is fiveyears,so thisstep is not required.

Step2: projection of initialap distribution. The adjusted population
aged 5-9 in 1960 is taken to be the 1955 population aged 0-4 projected
five y.;:ars. Thus, if one denotes by sSx the ratio sLx +slsLx'

However, the adjusted population aged A and over at the second
censusis also equal to the sum of twoelements, the first being the pro­
jection to the time of the second census of the adjusted population
aged fromA -5 to A -I at the first census,and the second being the
survivors to the secondcensusof the adjusted population (not known)
agedA and over at the firstcensus. Thus,

,N2s= (,N I oXsSo> = (1,889)(0.9599)= 1,813.

The adjustment factor for age group 5-9,k(5), is then calculatedas the
ratio of the adjusted to the reported population aged 5·9 in 1960.
Thus,

k(5)= ,N2 sl,N2s=1,813/1,928=0.940.

,N I s= k(5),N I s= (0.940)(1,570)= 1,476.

The adjustment factor, k(5), is then applied to the 1955 population
aged 5-9:

Then, the adjusted 1955 population aged 5-9 is projected forward to
1960 to obtain the adjusted 1960populationaged 10-14:

~2Io= (~ls)(sS s)= (1,476)(0.9903)= 1,462.

The procedure continues until one reaches the open interval, in this
ca.se 75 and over. The last nonnal step completed is the calculationof
,N17Qo The adjustment factor for the population aged 75 and over is
found by applyingequation (C.6):

k(75+)= (,N l7OXsS7Ol /[N2(75 + )-(sS7s+)(N 1(75+)))

= (148.0)(0.6936)/[ 182.1-(0.4414)(159.3»)

=0.918

(C.6)k(A +)= N2(A +)-(TA+sIT.. )NI(A +)

where T.. +sIT.. is the probability that the population aged A and
over has of surviving five years. By combining equations (C.4) and
(C.5),and rearrangingterms, an expression fork(A +) isobtained:

(,N I.. -sXsL..1sL.. -s)

Since all the variables in equation (C.6) are known, the value of
k (A +) may be readilyobtained.

Sttp J: Kaling ofadju.rtedap distributions. The two age distributions
derived in step 2 are based on the provisional assumption that the
youngest age group is accurately recorded by both censuses. If this
assumption is not valid, as will frequently be the case, both the
adjustedage distributions willhave been scaledaccordingto the ratios
of the reported to the true popUlations aged 0-4, while being
unafl'ected in age pattern. The assumption that age group 0-4 is
correctly reported isnot necessary if one scalesthe adjusted population
age distributions by the ratio of the total reported population to the
totaladjusted populationat each point in time. The scalingfactorsare
unlikely to be exactly the same for both age distributions, but they
shouldbe verysimilar.

TABLE 206. ADJUSTMENT OF TWO CONSECUTIVE ENUMERATIONS OF THE FEMALE POPULATION UStNG COHORT SURVIVAL, TURKEY, 1955 AND 1960
(Population in thousands)

F1m Flnl

~
Ilfllill/
~ FIMI """""'ptIffIiIIIItM"p 19" 1960 SwrIWJnNp ~

'7tf ~
ptJfIfIIiIliOll probabItlty

~ '(;j ~
19SJ 1960

(3) (4) (') (9)

0-4....,................................ 1889.0 2079.0 0.9599 (2079.0) (I 889.0) 1962.0 2160.0
5-9..................................... 1570.0 1928.0 0.9903 1813.0 0.940 1476.0 1533.0 1884.0

10-14................................... 1097.0 1489.0 0.9907 1462.0 0.982 1077.0 I 118.0 1519.0
15·19................................... 1094.0 1059.0 0.9873 1067.0 1.008 I 103.0 1145.0 1109.0
20-24................................... I 117.0 1128.0 0.9846 1089.0 0.965 1078.0 I 119.0 1132.0
25-29................................... 1027.0 I 177.0 0.9830 1061.0 0.902 926.4 962.0 1102.0
30-34................................... 735.1 985.8 0.9813 910.7 0.924 679.2 705.3 946.3
35-39................................... 528.5 693.8 0.9783 666.5 0.961 507.9 527.4 692.6
40-44................................... 624.7 548.4 0.9741 496.9 0.906 566.0 587.7 516.3
45-49................................... 475.6 500.0 0.9660 551.3 1.103 524.6 544.8 572.9
50-54................................... 531.0 581.2 0.9523 506.8 0.872 463.0 480.8 526.6
55·59................................... 310.4 369.4 0.9272 440.9 1.194 370.6 384.8 458.1
60-64................................... 389.3 461.4 0.8829 343.6 0.745 290.0 301.1 357.0
65-69................................... 173.7 213.8 0.8085 256.1 1.198 208.1 216.1 266.1
70-74................................... 172.1 195.7 0.6936 168.3 0.860 148.0 153.7 174.9
75+ .................................... 159.3 182.1 0.4414 167.2 0.918 146.2 151.8 173.6

TOTAL 11893.7" 13591.6" 13079.3 11453.0 11892.5" 13 590.4"

1 The slightdilferences observedare due to rounding.
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where ,s75+ is equal to TrofT7S- The adjusted populations in the
open intervalare then obtained by multiplying the recorded popula­
tionsaged 75+ byk (75+), so

N1(15 +)= (159.3)(0.918)= 146.2

and

N2(75+)= (182.1)(0.918)= 161.2.

The first adjustment of the 1960 age distribution is shown in column
(5) in table 206. the adjustment factors are shown in column (6), and
the first adjustment of the 19S5 age distribution is shown in column
(7).
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Sltp 3: scaling of adjustedage distributions. It will be seen that the
sum of column (7) in table 206. representing the total adjusted 1955
population. is not equal to the sum of column (2), representing the
total reported 1955 population. This difference is an indicationof the
actual error in the population aged 0-4 in 1975 in relation to the
overall level of enumeration. Therefore, the assumption concerning
the completeness of enumeration of the population aged 0-4 can be
dropped simply by multiplying the adjusted population of each age
group by the ratioof the total reported population to the totaladjusted
population. Thus, for example, the finaladjusted population aged 0-4
in 1955 is equal to the first adjusted valuegiven in column (1) of table
206 multiplied by 11,893.7/11,453.0. Columns (8) and (9) show the
final adjusted populationsfor 1955 and 1960, respectively.



AMexYI

ADULT SURVIVORSHIP RATIOS FOR COALE-DEMENY MODEL LIFE TABLES
FOR USEWITH ADULT MORTALITY ESTIMATES FROM ORPHANHOOD

TABLE207. FEMALE ADULTSURVIVOItSHIP PROBABILITIES FROMAGE25,1(N )/1(25),
FOR MATERNAL ORPHANHOOD ANALYSIS. NORTH MODEL

Vlllwu/.,N

UwI JJ 40 4J SO JJ 6D OJ 70 7J 10

I.............. 0.81612 0.71871 0.62830 0.54437 0.45942 0.36315 0.25809 0.15340 0.06707 0.01864
2.............. 0.83111 0.74044 0.65504 0.57466 0.49188 0.39682 0.29056 0.18104 0.08593 0.02756
3.............. 0.84472 0.76036 0.67979 0.60300 0.52267 0.42926 0.32265 0.20936 0./0641 0.03819
4.............. 0.85714 0.77870 0.70281 0.62961 0.55191 0.46055 0.35425 0.23817 0.12828 0.05052
5.............. 0.86855 0.79569 0.72431 0.65471 0.57976 0.49076 0.38536 0.26730 0.15137 0.06442
6.............. 0.87910 0.81147 0.74447 0.67844 0.60635 0.51999 0.41594 0.29668 0.17557 0.07981
7.............. 0.88887 0.82625 0.76346 0.70096 0.63178 0.54825 0.44601 0.32618 0.20069 0.09663
8.............. 0.89800 0.84012 0.78139 0.72237 0.65617 0.57560 0.47552 0.35573 0.22663 0.11477
9.............. 0.90653 0.85315 0.79836 0.74276 0.67954 0.60210 0.50447 0.38528 0.25327 0.13414

10.............. 0.91455 0.86546 0.81446 0.76223 0.70203 0.62779 0.53286 0.41475 0.28051 0.15464
11.............. 0.92207 0.87709 0.82977 0.78084 0.72363 0.65271 0.56070 0.44409 0.30822 0.17620
12.............. 0.92917 0.88810 0.84431 0.79862 0.74440 0.67682 0.58802 0.47333 0.33663 0.19919
13.............. 0.93527 0.89769 0.85694 0.81407 0.76244 0.69801 0.61211 0.49920 0.36171 0.21938
14.............. 0.94166 0.90754 0.86987 0.82966 0.78043 0.71864 0.63522 0.52386 0.38567 0.23892
IS.............. 0.94781 0.91711 0.88255 0.84509 0.79842 0.73951 0.65892 0.54957 0.41115 0.26023
16.............. 0.95375 0.92641 0.89493 0.86032 0.81635 0.76054 0.68310 0.57623 0.43814 0.28335
17.............. 0.95946 0.93535 0.90699 0.87525 0.83412 0.78162 0.70764 0.60372 0.46653 0.30829
18.............. 0.96490 0.94394 0.91863 0.88983 0.85160 0.80259 0.73238 0.63188 0.49617 0.33499
19.............. 0.97009 0.95216 0.92986 0.90398 0.86876 0.82334 0.75718 0.66051 0.52691 0.36334
20.............. 0.97502 0.96000 0.94064 0.91768 0.88549 0.84378 0.78184 0.68941 0.55851 0.39317
21.............. 0.97968 0.96744 0.95095 0.93084 0.90170 0.86375 0.80623 0.71836 0.59074 0.42428
22.............. 0.98420 0.97468 0.96101 0.94371 0.91768 0.88312 0.82969 0.74631 0.62208 0.45512
23.............. 0.98914 0.98223 0.97177 0.95764 0.93548 0.90570 0.85843 0.78241 0.66514 0.50029
24.............. 0.99283 0.98819 0.98067 0.96993 0.95216 0.92794 0.88818 0.82177 0.71471 0.55547

TABLE208. FEMALE ADULTSURVIVORSHIP PROBABILITIES FROMAGE25.I(N)/I(25).
FOR MATERNAL ORPHANHOOD ANALYSIS. SOUTH MODEL

V--oJ.,N

'-' JJ 40 4J SO JJ 6D OJ 70 7J 10

1.............. 0.82910 0.74967 0.67704 0.60808 0.52828 0.43504 0.31330 0.18642 0.07832 0.01831
2.............. 0.84344 0.76962 0.70119 0.63539 0.55839 0.46719 0.34618 0.21582 0.09859 0.02718
3.............. 0.85653 0.78791 0.72357 0.66093 0.58682 0.49797 0.37832 0.24556 0.12034 0.03768
4.............. 0.86850 0.80483 0.74440 0.68488 0.61370 0.52745 0.40971 0.27550 0.14337 0.04978
5.............. 0.87960 0.82057 0.76391 0.70743 0.63929 0.55579 0.44042 0.30560 0.16753 0.06341
6.............. 0.88986 0.83526 0.78221 0.72877 0.66366 0.58306 0.47045 0.33572 0.19265 0.07850
7.............. 0.89943 0.84903 0.79948 0.74898 0.68690 0.60933 0.49980 0.36582 0.21859 0.09492
8.............. 0.90838 0.86199 0.81582 0.76821 0.70915 0.63469 0.52851 0.39583 0.24528 0.11262
9.............. 0.91680 0.87420 0.83132 0.78655 0.73050 0.65918 0.55659 0.42570 0.27259 0.13151

10.............. 0.92429 0.88516 0.84531 0.80322 0.75029 0.68222 0.58364 0.45507 0.29991 0.15108
11.............. 0.93208 0.89645 0.85952 0.81992 0.76957 0.70427 0.60894 0.48233 0.32554 0.16966
12.............. 0.93941 0.90715 0.87309 0.83602 0.78831 0.72597 0.63418 0.51005 0.35225 0.18969
13.............. 0.94630 0.91727 0.88605 0.85152 0.80653 0.74726 0.65930 0.53815 0.38000 0.21121
14.............. 0.95279 0.92687 0.89843 0.86642 0.82422 0.76814 0.68424 0.56652 0.40868 0.23416
15.............. 0.95890 0.93595 0.91022 0.88074 0.84136 0.78855 0.70895 0.59506 0.43820 0.25850
16.............. 0.96464 0.94456 0.92149 0.89449 0.85794 0.80848 0.73334 0.62370 0.46844 0.28417
17.............. 0.97007 0.95273 0.93223 0.90769 0.87398 0.82792 0.75738 0.65232 0.49929 0.31107
18.............. 0.97526 0.96055 0.94257 0.92048 0.88943 0.84673 0.78056 0.68022 0.53016 0.33879
19.............. 0.98016 0.96789 0.95234 0.93270 0.90451 0.86538 0.80422 0.70957 0.56385 0.37067
20.............. 0.98427 0.97429 0.96118 0.94415 0.91918 0.88416 0.82888 0.74129 0.60176 0.40831
21.............. 0.98793 0.98005 0.96928 0.95483 0.93315 0.90240 0.85332 0.77345 0.64172 0.44988
22.............. 0.99114 0.98514 0.97658 0.96467 0.94631 0.91994 0.87737 0.80622 0.68377 0.49584
23.............. 0.99383 0.98951 0.98298 0.97353 0.95849 0.93658 0.90078 0.83903 0.72782 0.54670
24.............. 0.99604 0.99312 0.98845 0.98132 0.96954 0.95213 0.92327 0.87164 0.77371 0.60J.0l!i·
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TABLE209. FEMALEADULTSURVIVORSHIP PROBABILITIES FROMAOE25. I(N )/1(25).
FORMATERNAL ORPHANHOOD ANALYSIS. EAST MODEL

V...",.N

lIJII JJ 4f) 4J SO JJ 60. 6J 70 7J all.---_. ---- ._-- ... _---_•..
.1.............. 0.83270 0.74996 0.67263 0.59814 0.51336 0.40987 0.28933 0.16797 0.07318 0.01991
2.............. 0.84595 0.76869 0.69563 0.62424 0.54201 0.44032 0.31950 0.19388 0.09051 0.02770
3.............. 0.85815 0.78606 0.71711 0.64883 0.56925 0.46970 0.34925 0.22028 0.10909 0.03678
4.............. 0.86942 '0.80223 0.73726 0.67207 0.59527 0.49812 0.37857 0.24710 0.12884 0.04712
5.............. 0.87987 0.81736 0.75623 0.69411 0.62016 0.52563 0.40748 0.27423 0.14960 0.05864
6.............. 0.88964 0.83154 0.77415 0.71508 0.64399 0.55231 0.43596 0,30161 0.17127 0.07131
7.............. 0.89878 0.84492 0.79lIS 0.73507 0.66690 0.57817 0.46398 0,32913 0.19377 0.08510
8.............. 0.90739 0.85757 0.80730 0.75418 0.68894 0.60329 0.49155 0.35676 0.21699 0.09991
9.............. 0.91548 0.86954 0.82268 0.77245 0.71016 0.62770 0.51867 0.38442 0.24085 0.11570

10.............. 0.92314 0.88091 0.83735 0.78996 0.73063 0.65142 0.54535 0.41210 0.26529 0.13243
11.............. 0.92986 0.89103 0.85052 0.80575 0.74911 0.67302 0.56987 0.43781 0.28830 0.14857
12.............. 0.93693 0.90141 0.86372 0.82132 0.76708 0.69367 0.59302 0.46193 0.30989 0.16377
13.............. 0.94367 0.91138 0.87655 0.83659 0.78489 0.71439 0.61658 0.48693 0.33277 0.18031
14.............. 0.95007 0.92095 0.88896 0.85151 0.80248 0.73510 0.64047 0.51274 0.35693 0.19830
15.............. 0.95618 0.93012 0.90096 0.86609 0.81983 0.75575 0.66464 0.53929 0.38236 0.21772
16.............. 0.96196 0.93891 0.91255 0.88027 0.83688 0.77630 0.68900 0.56652 0.40898 0.23864
i7.............. 0.96746 0.94730 0.92372 0.89407 0.85363 0.79665 0.71345 0.59431 0.43672 0.26102
18.............. 0.97268 0.95532 0.93447 0.90745 0.86998 0.81674 0.73787 0.62250 0.46544 0.28478
19.............. 0.97762 0.96297 0.94478 0.92037 0.88591 0.83648 0.76215 0.65096 0.49499 0.30984
20.............. 0.98232 0.97027 0.95468 0.93283 0.90140 0.85584 0.78619 0.67953 0.52520 0.33609
21.............. 0.98679 0.97718 0.96415 0.94512 0.91709 0.87599 0.81200 0.7//42 0.56060 0.36845
22.............. 0.99050 0.98325 0.97296 0.95711 0.933/7 0.89753 0.84085 0.74877 0.60424 0.41078
23.............. 0.99368 0.98857 0.98088 0.96827 0.94861 0.91890 0.87039 0.78848 0.65292 0.46070
24...........:.. 0.99623 0.99296 0.98766 0.97829 0.96308 0.93962 0.90016 0.83034 0.70112 0.52007

TABLE210. FEMALEADULTSURVIVORSHIP PROBABILITIES FROMAOE25. I(N )/1(25).
FOR MATERNAL ORPHANHOOD ANALYSIS. WEST MODEL

V""'lI/tIJ!N

"., JJ 4f) 4J SO JJ 60 6J 70 7J all

1.............. 0.79384 0.69402 0.60153 0.51694 0.42457 0.33044 0.22690 0.13699 0.06459 0.02138
2.............. 0.81082 0.71760 0.62994 0.54835 0.45786 0.36375 0.25783 0.16222 0.08/38 0.02955
3.............. 0.82626 0.73928 0.65638 0.57791 0.48967 0.39616 0.28872 0.18823 0.09959 0.03907
4.....:........ 0.84043 0.75936 0.68111 0.60588 0.52015 0.42769 0.31945 0.21490 O. //900 0.04984
S.............. 0.85352 0.77805 0.70434 0.63240 0.54940 0.45839 0.34997 0.24207 0.13954 0.06181
6.............. 0.86563 0.79552 0.72623 0.65762 0.57751 0.48827 0.38024 0.26964 0.16106 0.07492
7.............. 0.87690 0.8/191 0.74692 0.68165 0.60455 0.51736 0.41020 0.29752 0.18346 0.08913
I .............. 0.88745 0.82734 0.76655 0.70460 0.63061 0.54570 0.43983 0.32560 0.20660 0.10432
9.............. 0.89735 0.84190 0.78520 0.72656 0.65577 11.57331 0.46909 0.35383 0.23044 0.12048

10.............. 0.90666 0.85569 0.80297 0.74762 0.68005 0.60023 0.49800 0.38215 0.25486 0.13750
11.............. 0.91544 0.86875 0.81991 0.76781 0.70351 0.62645 0.52648 0.41049 0.27978 0.15534
12.............. 0.92375 0.88118 0.836/1 0.78721 0.72621 0.65202 0.55458 0.43881 0.30515 0.17393
13.............. 0.93149 0.89282 0.85136 0.80560 0.74785 0.67657 0.58183 0.46663 0.33049 0.19291
14.............. 0.93786 0.90263 0.86444 0.82145 0.76668 0.69805 0.60583 0.49114 0.35284 0.20984
15.............. 0.94544 0.91391 0.87900 0.83878 0.78685 0.72080 0.63099 0.51689 0.37650 0.22785
16.............. 0.95264 0.92469 0.893/1 0.85577 0.80690 0.74369 0.65668 0.54364 0.40157 0.24737
/7.............. 0.95946 0.93501 0.90674 0.87239 0.82672 0.76661 0.68281 0.57128 0.42799 0.2684/
18.............. 0.96590 0.94486 0.9/988 0.88856 0.84625 0.78948 0.70924 0.59971 0.45568 0.29097
19.............. 0.97197 0.95421 0.93250 0.90426 0.86540 0.81216 0.73583 0.62875 0.484.51 0.31497
20.............. 0.97771 0.963/1 0.94458 0.91943 0.88409 0.83455 0.76241 0.65823 0.51432 0.34034
21.............. 0.98342 0.97202 0.95668 0.93473 0.90304 0.85751 0.78990 0.68927 054638 0.36826
22.............. 0.98853 0.98006 0.96806 0.94985 0.92278 0.88265 0.82172 0.72730 0.58822 0.40722
23.............. 0.99266 0.98689 0.97815 0.96389 0.94190 0.90800 0.85511 0.76895 0.63615 0.45408
24.............. 0.99593 0.99245 0.98673 0.97644 0.95983 0.93291 0.88949 0.81411 0.69119 0.51140
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TABLE21I. MALE ADULTSURVIVORSHIP PROBABILITIES fROM AGE32.5,1(N )/1(32.5),
fOR PATERNAL ORPHANHOOD ANALYSIS, NORTH MODEL

...aIw·otdfit N

1.nII 4() 4j jO jj 6Q 6.l 70 ts 10

1.....;........ 0.82948 0.70925 0.58760 0.46889 0.34853 0.23327 0.13069 0.05058 0.01068
2.............. 0.84321 0.73109 0.61589 0.50103 0.38221 0.26486 0.15625 0.06666 0.01717
3.............. 0.85562 0.75098 0.64203 0.53129 0.41459 0.29612 0.18259 0.08441 0.02522
4.............. 0.86686 0.76926 0.66640 0.55988 0.44576 0.32699 0.20954 0.10360 0.03486
5.............. 0.87717 0.78618 0.68921 0.58696 0.47584 0.35739 0.23693 0.12412 0.04601
6.............. 0.88666 0.80191 0.71060 0.61274 0.50486 0.38735 0.26462 0.14578 0.05860
7.............. 0.89545 0.81657 0.73078 0.63727 0.53289 0.41682 0.29253 0.16844 0.07261
8.............. 0.90363 0.83032 0.74982 0.66068 0.55999 0.44575 0.32055 0.19198 0.08791
9.............. 0.91124 0.84322 0.76788 0.68305 0.58619 0.47414 0.34863 0.21632 0.10447

10.............. 0.91838 0.85538 0.78500 0.70449 0.61155 0.50202 0.37669 0.24130 0.12218
11.............. 0.92506 0.86686 0.80129 0.72502 0.63609 0.52934 0.40468 0.26684 0.14096
12.............. 0.93136 0.87771 0.81679 0.74479 0.66032 0.55679 0.43331 0.29371 0.16151
13.............. 0.93662 0.88696 0.83032 0.76206 0.68116 0.58026 0.45775 0.31666 0.17917
14.............. 0.94181 0.89586 0.84289 0.77786 0.70016 0.60165 0.48018 0.33805 0.19597
IS.............. 0.94693 0.90470 0.85548 0.79388 0.71959 0.62370 0.50380 0.36100 0.21448
16.............. 0.95198 0.91347 0.86806 0.81004 0.73942 0.64675 0.52857 0.38554 0.23479
17..:........... 0.95691 0.92209 0.88055 0.82624 0.75951 0.67026 0.55436 0.41161 0.25691
18.............. 0.96171 0.93054 0.89288 0.84238 0.77973 0.69423 0.58104 0.43910 0.28085
19.............. 0.96635 0.93875 0.90495 0.85835 0.79993 0.71846 0.60842 0.46786 0.30651
20.............. 0.97082 0.94669 0.91671 0.87405 0.81999 0.74277 0.63630 0.49768 0.33376
21.............. 0.97509 0.95433 0.92810 0.88938 0.83975 0.76702 0.66445 0.52834 0.36244
22.............. 0.97927 0.96177 0.93874 0.90343 0.85754 0.78883 0.69009 0.55677 0.38987
23.............. 0.98403 0.97002 0.95106 0.92065 0.88050 0.81840 0.72651 0.59915 0.43289
24.............. 0.98840 0.97800 0.96343 0.93865 0.90526 0.85142 0.76876 0.65043 0.48761

TABLE212. MALE ADULT SURVIVORSHIP PROBABILITIES fROM AGE32.5,1(N)/1 (32.5),
fOR PATERNAL ORPHANHOOD ANALYSIS, SOUTHMODEL

"'''otdfit N

1.nII 4() 4j so jj 6Q 6.l 70 7j 10

1.............. 0.86716 0.77288 0.67577 0.57020 0.45506 0.32438 0.19543 0.08695 0.02362
2.............. 0.87767 0.78957 0.69760 0.59599 0.48333 0.35315 0.221.01 0.10483 0.03185
3.............. 0.88715 0.80481 0.71769 0.62005 0.51007 0.38089 0.24640 0.12342 0.04105
4........:..... 0.89585 0.81883 0.73636 0.64261 0.53546 0.40770 0.27155 0.14257 0.05120
5.............. 0.90383 0.83182 0.75377 0.66383 0.55964 0.43363 0.29644 0.16223 0.06215
6.............. 0.91120 0.84390 0.77008 0.68388 0.58268 0.45870 0.32103 0.18224 0.07390
7.............. 0.91805 0.85519 0.78542 0.70287 0.60471 0.48298 0.34531 0.20256 0.08631
8.............. 0.92442 0.86577 0.79987 0.72093 0.62581 0.50653 0.36924 0.22310 0.09935
9.............. 0.93042 0.87573 0.81356 0.73810 0.64609 0.52938 0.39280 0.24384 0.11296

10.............. 0.93546 0.88419 0.82525 0.75298 0.66384 0.54963 0.41394 0.26271 0.12571
II .............. 0.94036 0.89234 0.83652 0.76727 0.68078 0.56898 0.43431 0.28106 0.13828
12.............. 0.94557 0.90102 0.84843 0.78217 0.69841 0.5k911 0.45563 0.30063 0.15198
13.............. 0.95055 0.90939 0.86000 0.79680 0.71589 0.60931 0.47735 0.32098 0.16661
I................ 0.95528 0.91741 0.87123 0.81112 0.73316 0.62951 0.49940 0.34206 0.18217
15.............. 0.95979 0.92511 0.88207 0.82509 0.75018 0.64968 0.52172 0.36379 0.19862
16.............. 0.96408 0.93250 0.89255 0.83870 0.76693 0.66972 0.54421 0.38607 0.21592
17.............. 0.96816 0.93956 0.90264 0.85193 0.78336 0.68958 0.56678 0.40886 0.23401
18.............. 0.97208 0.94637 0.91245 0.86486 0.79956 0.70937 0.58955 0.43223 0.25300
19.............. 0.97687 0.95479 0.92454 0.88076 0.81932 0.73360 0.61794 0.46226 0.27824
20.............. 0.98077 0.96180 0.93505 0.89523 .0.83824 0.75777 0.64724 0.49447 0.30671
21........."... u.98437 0.96843 0.94520 0.90954 0.85737 0.78216- 0.67824 0.52955 0.33892
22.:............ 0.98770 0.97469 0.95500 0.92368 0.87673 0.80862 0.71119 0.~61l04 0.37583
23.............. 0.99074 0.98050 0.96434 0.93755 0.89624 0.83537 0.74621 0.61046 0.41846
24.............. 0.99344 0.98580 0.97310 0.95098 0.91575 0.86291 0.78342 0.65734 0.46815

252



TABLE 213. MALE ADULTSURVIVORSHIP PROBABILITIES FROMAGE32.5./(N )//(32.5).
FOR PATERNAL ORPHANHOOD ANALYSIS. EAST MODEL

VaJIltJO/agt N

Uwl 40 45 SO 55 60 6S 70 7S If)

I.............. 0.86251 0.75843 0.64935 0.53757 0.42175 0.30226 0.18412 0.08791 0.02798
2.............. 0.87299 0.77559 0.67196 0.56368 0.44918 0.32859 0.20651 0.10329 0.03548
3.............. 0.88261 0.79147 0.69303 0.58828 0.47540 0.35426 0.22886 0.11922 0.04373
4.............. 0.89144 0.80618 0.71278 0.61158 0.50057 0.37925 0.25113 0.13559 0.05261
5.............. 0.89961 0.81990 0.73137 0.63369 0.52472 0.40359 0.27327 0.15233 0.06207
6.............. 0.90720 0.83275 0.74890 0.65479 0.54797 0.42735 0.29525 0.16938 0.07211
7.............. 0.91432 0.84483 0.76551 0.67491 0.57038 0.45051 0.31706 0.18670 0.08266
8.............. 0.92097 0.85622 0.78127 0.69414 0.59200 0.47312 0.33866 0.20423 0.09366
9.............. 0.92722 0.86698 0.79627 0.71259 0.61288 0.49516 0.36003 0.22191 0.10506

10.............. 0.93312 0.87719 0.81055 0.73029 0.63306 0.51670 0.38119 0.23973 0.11686
11.............. 0.93853 0.88663 0.82383 0.74675 0.65193 0.53683 0.40099 0.25643 0.12806
12.............. 0.94337 0.89497 0.83540 0.76093 0.66801 0.55394 0.41790 0.27087 0.13787
13.............. 0.94810 0.90318 0.84693 0.77521 0.68436 0.57154 0.43552 0.28618 0.14847
14.............. 0.95272 0.91126 0.85838 0.78954 0.70095 0.58960 0.45385 0.30235 0.15991
15.............. 0.95723 0.91921 0.86973 0.80388 0.71773 0.60808 0.47285 0.31939 0.17222
16•...•.......•. 0.96161 0.92698 0.88093 0.81819 0.73463 0.62692 0.49246 0.33726 0.18540
17.............. 0.96587 0.93456 0.89195 0.83241 0.75160 0.64602 0.51263 0.35593 0.19944
18.............. 0.96997 0.94193 0.90276 0.84645 0.76853 0.66529 0.53322 0.37530 0.21431
19.............. 0.97393 0.94907 0.91329 0.86027 0.78535 0.68462 0.55414 0.39527 0.22993
20.............. 0.97772 0,95596 0.92352 0.87381 0.80195 0.70391 0.57525 0.41573 0.24625
21..••.•........ 0.98138 0.96265 0.93379 0.88787 0.81982 0.72541 0.59972 0.44052 0.26694
22.............. 0.98527 0.97002 0.94542 0.90444 0.84165 0.75251 0.63148 0.47365 0.29560
23.............. 0.98897 0.97712 0.95699 0.92147 0.86483 0.78223 0.66744 0.51256 0.33076
24.............. 0.99237 0.98379 0.96823 0.93875 0.88934 0.81488 0.70848 0.55892 0.37482

TABLE 214. MALE ADULTSURVIVORSHIP PROBABILITIES FROMAGE32.5.I (N)/1 (32.5).
FOR PATERNAL ORPHANHOOD ANALYSIS. WEST MODEL

V__oftrN

"", 40 45 SO SS 60 6S 70 7S If)

I.............. 0.80605 0.67240 0.54608 0.41998 0.30638 0.19863 0.11122 0.04920 0.01436
2••....•.•;.... 0.82220 0.69724 0.57666 0.45353 0.33924 0.22762 0.13323 0.06271 0.02026
3.............. 0.83682 0.72006 0.60519 0.48545 0.37127 0.25.662 0.15610 0.07747 0.02717
4.............. 0.85017 0.74116 0.63195 0.51590 0.40239 0.28557 0.17964 0.09332 0.03513
5••...........; 0.86242 0.76080 0.65716 0.54503 0.43270 0.31438 0.20375 0.11016 0.04404
6.............. 0.87374 0.77909 0.68096 0.57293 0.46217 0.34298 0.22828 0.12788 0.05385
7.............. 0.88423 0.79625 0.70351 0.59969 0.49088 0.37134 0.25317 0.14640 0.06455
8.............. 0.89402 0.81237 0.72491 0.62541 0.51879 0.39939 0.27831 0.16560 0.07608
9.............. 0.90317 0.82758 0.74529 0.65015 0.54599 0.42713 0.30365 0.18542 0.08837

10.............. 0.91176 0.84197 0.76472 0.67398 0.57248 0.45452 0.32909 0.20577 0.10138
11.............. 0.91983 0.85561 0.78329 0.69694 0.59826 0.48154 0.35460 0.22660 0.11506
12.............. 0.92743 0.86855 0.80103 0.71909 0.62338 0.50818 0.38010 0.24782 0.12936
13.............. 0.93453 0.88079 0.81806 0.74082 0.64844 0.53511 0.40628 0.26988 0.14454
14.............. 0.94138 0.89241 0.83392 0.76048 0.67065 0.55874 0.42912 0.28919 0.15791
15.............. 0.94757 0.90297 0.84843 0.77868 0.69149 0.58122 0.45116 0.30817 0.17132
16.............. 0.95359 0.91333 0.86287 0.79701 0.71276 0.60449 0.47436 0.32849 0.18601
17.............. 0.95942 0.92348 0.87718 0.81541 0.73438 0.62848 0.49863 0.35014 0.20199
18.............. 0.96505 0.93336 0.89127 0.83375 0.75620 0.65303 0.52388 0.37305 0.21927
19.............. 0.97047 0.94295 0.90507 0.85193 0.77812 0.67803 0.54997 0.39715 0.23784
20.............. 0.97565 0.95222 0.91855 0.86988 0.79999 0.70331 0.57674 0.42230 0.25763
21.............. 0.98043 0.96070 0.93108 0.88673 0.82107 0.72832 0.60399 0.44869 0.27905
22.............. 0.98520 0.96963 0.94495 0.90646 0.84687 0.76030 0.64034 0.48554 0.31049
23.............. 0.98965 0.97817 0.95870 0.92673 0.87442 0.79575 0.68224 0.52974 0.34996
24.............. 0.99355 0.98588 0.97169 0.94680 0.90310 0.83445 0.73022 0.58304 0.40035

253



TAILE215. MALE ADULT SURVIVORSHIP PROIAIILlTIES FROM AOE 37.5./(N )/1(37.5).
FOR PATERNAL ORPHANHOOD ANALYSIS. NORTH MODEL

"""'W N

1.-1 4S SO SS 6IJ ISS 10 7S 10

1.............. 0.79981 0.66263 0.52876 0.39304 0.26305 0.14737 0.05704 0.01205
2.............. 0.81591 0.68735 0.55916 0.42655 0.29559 0.17438 0.07440 0.01917
3.............. 0.83038 0.70991 0.58747 0.45842 0.32743 0.20190 0.09334 0.02789
4.............. 0.84355 0.73075 0.61394 0.48881 0.35856 0.22978 0.11360 0.03822
5.............. 0.85563 0.75009 0.63881 0.51788 0.38896 0.25785 0.13508 0.05007
6.............. 0.86676 0.76807 0.66229 0.54569 0.41867 0.28602 0.15757 0.06334
7.............. 0.87707 0.78491 0.68448 0.57236 0.44769 0.31420 0.18092 0.07798
8.............. 0.88664 0.80069 0.70550 0.59797 0.47599 0.34230 0.20501 0.09388
9.............. 0.89558 0.81556 0.72547 0.62259 0.50358 0.37028 0.22975 0.11096

10.............. 0.90396 0.82958 0.74450 0.64628 0.53053 0.39808 0.25500 0.12912
II.............. 0.91183 0.84286 0.76264 0.66909 0.55680 0.42567 0.28068 0.14827
12.............. 0.91922 0.85542 0.78001 0.69155 0.58312 0.45381 0.30760 0.16915
13.............. 0.92555 0.86644 0.79521 0.71080 0.60550 0.47766 0.33044 0.18697
14.............. 0.93150 0.87642 0.80880 0.72801 0.62558 0.49928 0.35149 0.20377
15.............. 0.93739 0.88639 0.82256 0.74560 0.64624 0.52200 0.37404 0.22223
16.............. 0.94322 0.89634 0.83643 0.76350 0.66781 0.54578 0.39810 0.24243
17.............. 0.94894 0.90619 0.85029 0.78162 0.68977 0.57050 0.42360 0.26439
18.............. 0.95453 0.91590 0.86409 0.79983 0.71212 0.59602 0.45043 0.28809
19.............. 0.95995 0.92539 0.87773 0.81800 0.73468 0.62216 0.47843 0.31343
20.............. 0.96511 0.93461 0.89112 0.83600 0.75727 0.64873 0.50739 0.34027
21.............. 0.97019 0.94353 0.90416 0.85371 0.77977 0.67549 0.53712 0.36846
22.............. 0.97504 0.95169 0.91590 0.86937 0.79972 0.69962 0.56445 0.39525
23.............. 0.98024 0.96108 0.93035 0.88978 0.82702 0.73411 0.60546 0.43745
24.............. 0.98546 0.97078 0.94581 0.91216 0.85791 0.77462 0.65539 0.49133

TAILE216. MALE ADULT SURVIVORSHIP PROIAIILlTIES FROM AOE 37.5.I (N)/I (37.5).
FORPATERNAL ORPHANHOOD ANALYSI5, SOUTH MODEL

II""'W N

1.-1 4S SO SS 6IJ ISS 10 7S 10

1.............. 0.84796 0.74142 0.62559 0.49927 0.35589 0.21441 0.09540 0.02591
2.............. 0.85955 0.75942 0.64881 0.52611 0.38445 0.24060 0.11412 0.03467
3.............. 0.87008 0.77589 0.67033 0.55143 0.41118 0.26638 0.13343 0.04438
4.............. 0.87965 0.79106 0.69035 0.57524 0.43798 0.29172 0.15317 0.05500
5.............. 0.88848 0.80512 0.70904 0.59776 0.46316 0.31663 0.17328 0.06639
6.............. 0.89664 0.81821 0.72662 0.61909 0.48737 0.34110 0.19363 0.07852
7.............. 0.90422 0.83045 0.74311 0.63938 0.51067 0.36511 0.21411 0.09126
8.............. 0.91129 0.84193 0.75883 0.65872 0.53316 0.38865 0.23483 . 0.10457
9.............. 0.91190 0.85273 0.77364 0.67720 0.55488 0.41172 0.25558 0.11840

10.............. 0.92350 0.86194 0.78646 0.69336 0.57407 0.43234 0.27439 0.13130
11.............. 0.92883 0.87074 0.79865 0.70863 0.59225 0.45208 0.29256 0.14394
12.............. 0.93449 0.87994 0.81122 0.72435 0.61099 0.47255 0.31180 0.15763
13.............. 0.93993 0.88889 0.82356 0.73993 0.62977 0.49338 0.33116 0.17220
14.............. 0.94515 0.89756 0.83564 0.75533 0.64855 0.51450 0.35240 0.18767
IS.............. 0.95015 0.90594 0.84742 0.77049 0.66727 0.53584 0.37363 0.20399
16.............. 0.95495 0.91404 0.85889 0.78539 0.68584 0.55731 0.39537 0.22111
17.............. 0.95952 0.92182 0.87003 0.80001 0.70423 0.57882 0.417S5 0.23898
18.............. 0.96393 0.92937 0.88091 0.81439 0.72253 0.60049 0.44025 0.25770
19.............. 0.96937 0.93866 0.89421 0.83184 0.74480 .0.62738 0.46932 0.28249
20.............. 0.97395 0.94686 0.90654 0.84883 0.76734 0.65541 0.50071 0.31058
21.............. 0.97833 0.95486 0.91884 0.86614 0.79076 0.68518 0.53496 0.34239
22.............. 0.98249 0.96264 0.93108 0.88375 0.81510 0.71689 0.57259 0.37884
23.............. 0.98638 0.97012 0.94317 .0.90162 0.84038 0.75069 0.61412 0.42097
24.............. 0.98996 0.97721 0.95500 0.91962 0.86656 0.78673 0.66012 0.47013

254



TABLE 217. MALE ADULT SURVIVORSHIP PROBABILITIES FROM AGE 37.5./(N)//(37.5).
FOR PATERNAL ORPHANHOOD ANALYSIS. EAST MODEL

V__-1.N

UwI 45 SO 55 60 6J 70 75 10

1.............. 0.83337 0.71351 0.59069 0.46342 0.33212 0.20232 0.09660 0.03074
2.............. 0.84576 0.73276 0.61468 0.48982 0.35832 0.22519 0.11263 0.03869
3.............. 0.85713 0.75053 0.63708 0.51484 0.38366 0.24785 0.12911 0.04736
4.............. 0.86759 0.76707 0.65817 0.53870 0.40813 0.27026 0.14592 0.05662
5.............. 0.87727 0.78254 0.67803 0.56144 0.43183 0.29239 0.16298 0.06642
6.............. 0.88628 0.79704 0.69688 0.58320 0.45483 0.31423 0.18027 0.07675
7.............. 0.89469 0.81068 0.71474 0.60404 0.47710 0.33577 0.19771 0.08754
8.............. 0.90258 0.82357 0.73173 0.62405 0.49874 0.35700 0.21529 0.09873
9.............. 0.90999 0.83577 0.74795 0.64329 0.51973 0.37789 0.23292 0.11028

10.............. 0.91700 0.84734 0.76343 0.66179 0.54015 0.39848 0.25061 0.12216
11.............. 0.92346 0.85806 0.77777 0.67901 0.55913 0.41765 0.26709 0.13338
12.............. 0.92909 0.86725 0.78994 0.69348 0.57506 0.43383 0.28120 0.14312
13.............. 0.93461 0.87641 0.80218 0.70817 0.59143 0.45068 0.29614 0.15364
14.............. 0.94004 0.88548 0.81448 0.72308 0.60822 0.46818 0.31190 0.16496
15.............. 0.94537 0.89449 0.82676 0.73816 0.62539 0.48631 0.32849 0.17713
16.............. 0.95057 0.90335 0.83902 0.75332 0.64287 0.50500 0.34585 0.19012
17.............. 0.95564 0.91207 0.8S118 0.76856 0.66059 0.52419 0.36395 0.20394
18.............. 0.96056 0.92061 0.86319 0.78372 0.67844 0.54377 0.38272 0.21855
19.............. 0.96531 0.92892 0.87499 0.79879 0.69633 0.56362 0.40203 0.23387
20.............. 0.96989 0.93698 0.88654 0.81364 0.71417 0.58363 0.42179 0.24984
21.............. 0.97433 0.94512 0.89864 0.82976 0.73421 0.60699 0.44586 0.27018
22.............. 0.97929 0.95446 0.91309 0.84970 0.75970 0.63751 0.47817 0.29843
23.............. 0.98408 0.96382 0.92804 0.87100 0.78781 0.67220 0.51622 0.33312
24.............. 0.98862 0.97299 0.94336 0.89371 0.81889 0.71196 0.56166 0.37666

TABLE218. MALE ADULT SURVIVORSHIP PROBABILITIES FROM AGE37.5.1(N)//(37.5).
FOR PATERNAL ORPHANHOOD ANALYSIS. WEST MODEL

V--f{.N

UwI 45 SO 55 60 6J 70 7' 10

1.............. 0.77179 0.62680 0.48206 0.35166 0.22799 0.12766 0.05647 0.01648
2.............. 0.79036 0.65367 0.51410 0.38455 0.25801 0.15103 0.07109 0.02296
3.............. 0.80717 0.67840 0.54417 0.41618 0.28767 0.17498 0.08685 0.03045
4.............. 0.82252 0.70132 0.57254 0.44656 0.31692 0.19936 0.10357 0.03899
5.............. 0.83667 0.72269 0.59939 0.47585 0.34573 0.22407 0.12114 0.04843
6.............. 0.84970 0.74267 0.62485 0.50406 0.37407 0.24897 0.13947 0.05873
7.............. 0.86182 0.76144 0.64908 0.53131 0.40192 0.27402 0.15846 0.06987
8.............. 0.87310 0.71910 0.67217 0.55758 0.4292~ 0.29912 0.17199 0.08177
9.............. 0.88367 0.79580 0.69422 0.58300 0.45608 0.32423 0.19798 0.09436

10.............. 0.89360 0.81161 0.71531 0.60758 0.48239 0.34927 0.21839 0.10759
11.............. 0.90294 0.82662 0.73550 0.63136 0.50818 0.37421 0.23914 0.12143
12.............. 0.91176 0.84088 0.75486 0.65439 0.53346 0.39901 0.26015 0.13580
13.............. 0.92008 0.85455 0.77387 ~7736 0.55898 0.42441 0.28192 0.1S099
14.............. 0.92782 0.86701 0.79066 .69727 0.58092 0.44615 0.30067 0.16418
IS.............. 0.93483 0.87837 0.80616 0.71589 0.60173 0.46708 0.31905 0.17737
16.............. 0.94170 0.88968 0.82177 0.73490 0.62327 0.48910 0.33869 0.19179
17.............. 0.94842 0.90087 0.83743 0.75421 0.64545 0.51210 0.35959 0.20744
18.............. 0.95496 0.91189 0.85304 0.71369 0.66814 0.53599 0.38168 0.22434
19.............. 0.96128 0.92267 0.86849 0.79324 0.69121 0.56066 0.40487 0.24246
20.............. 0.96738 0.93318 0.88373 0.81273 0.71452 0.58592 0.42903 0.26173
21.............. 0.97292 0.94293 0.89802 0.83152 0.73759 0.61168 0.45440 0.28260
22.............. 0.97891 0.95399 0.91513 0.85497 0.76757 0.64647 0.49018 0.31346
23.............. 0.98467 0.96507 0.93289 0.88024 0.80104 0.68677 0.53326 0.35229
24.............. 0.98993 0.97568 0.95070 0.90682 0.83788 0.73323 0.58544 0.40200

255



"lUlU YII

ADULT SURVIVORSHIP RATIOS FROM COALE-DEMENY MODEL LIFE TABLES
FOR USEWITH ADULT MORTALITY ESTIMATES FROM WIDOWHOOD

TABLE219. FEMALE ADULT SURVIVORSHIP PROBABILITIES FROM AGE 20. I (N)/I (20). FOR ANALYSIS BASED ON
SURVIVAL OF FIRST WIFE. NORTH MODEL

VUinotdlt N

LMI 1J JO 3J 4() 4J SO JJ 6IJ

I .............. 0.92368 0.84158 0.75384 0.66386 0.58035 0.50282 0.42436 0.33544
2.............. 0.93018 0.85452 0.77309 0.68875 0.60931 0.53454 0.45754 0.36912
3.............. 0.93598 0.86622 0.79065 0.71169 0.63628 0.56440 0.48922 0.40178
4.............. 0.94124 0.87690 0.80678 0.73295 0.66152 0.59262 0.51948 0.43350
5.............. 0.94604 0.88669 0.82168 0.75275 0.68523 0.61938 0.54848 0.46428
6.............. 0.95046 0.89574 0.83555 0.77128 0.70759 0.64483 0.57631 0.49423
7.............. 0.95452 0.90411 0.84845 0.78868 0.72874 0.66909 0.60305 0.52332
8.............. 0.95830 0.91193 0.86056 0.80509 0.74881 0.69225 0.62881 0.55160
9.............. 0.96182 0.91922 0.87192 0.82058 0.76788 0.71441 0.65360 0.57911

10.............. 0.96511 0.92608 0.88264 0.83527 0.78605 0.73564 0.67753 0.60589
11.............. 0.96819 0.93253 0.89274 0.84919 0.80338 0.75601 0.70061 0.63194
12.............. 0.97108 0.93859 0.90230 0.86242 0.81990 0.77553 0.72288 0.65725
13.............. 0.97350 0.94372 0.91049 0.87390 0.83424 0.79250 0.74224 0.67951
14.............. 0.97615 0.94925 0.91921 0.88590 0.84913 0.80988 0.76182 0.70150
15.............. 0.97870 0.95457 0.92762 0.89758 0.86375 0.82709 0.78142 0.72376
16.............. 0.98113 0.95970 0.93577 0.90893 0.87805 0.84409 0.80096 0.74620
17.............. 0.98346 0.96463 0.94360 0.91989 0.89\99 0.86078 0.82033 0.76869
18.............. 0.98569 0.96933 0.95110 0.93043 0.90549 0.87710 0.83942 0.79111
19.............. 0.98777 0.97379 0.95823 0.94052 0.91850 0.89293 0.85815 0.81328
20.............. 0.98975 0.97801 0.96503 0.950\6 0.93\00 0.90827 0.87641 0.83513
21.............. 0.99163 0.98203 0.97148 0.95935 0.94299 0.92306 0.89416 0.85653
22.............. 0.99342 0.98589 0.97773 0.96827 0.95469 0.93750 0.91\64 0.87731
23.............. 0.99572 0.99058 0.98491 0.97804 0.96762 0.95355 0.93149 0.90183
24.............. 0.99719 0.99378 0.99005 0.98542 0.97792 0.96722 0.94949 0.92534

TABLE 220. FEMALE ADULT SURVIVORSHIP PROBABILITIES FROM AGE 20.I (N)/I (20). FOR ANALYSIS BASED ON
SURVIVAL OF FIRST WIFE, SOUTH MODEL

VGlwaoftrN

""" 1J 30 JJ 4() 4J 10 JJ 6IJ

1.............. 0.91823 0.83778 0.76130 0.68837 0.62168 0.55836 0.48509 0.39947
2.............. 0.92551 0.85153 0.7806\ 0.71229 0.64896 0.58806 0.51680 0.43239
3.............. 0.93208 0.86407 0.79835 0.73440 0.67443 0.6\604 0.54696 0.46415
4.............. 0.93808 0.87557 0.81473 0.75500 0.6983\ 0.64247 0.57571 0.49480
5.............. 0.94356 0.88617 0.82996 0.77426 0.72080 0.6675\ 0.60321 0.52443
6.............. 0.94861 0.89599 0.84414 0.79234 0.74202 0.69132 0.62955 0.55310
7.............. 0.95332 0.90516 0.85745 0.80940 0.762\6 0.71402 0.65484 0.58089
8...~.......... 0.95768 0.91373 0.86995 0.82551 0.78130 0.73571 0.67915 0.60783
9.............. 0.96176 0.92178 0.88175 0.84077 0.79953 0.75647 0.70256 0.63397

10.............. 0.96535 0.92883 0.89227 0.85450 0.81602 1l.7754O 0.72430 0.6:;858
11.............. 0.96922 0.93647 0.90339 0.86885 0.83307 0.79469 0.74588 0.68259
12.............. 0.97278 0.94362 0.91384 0.88246 0.84933 0.81328 0.76686 0.70621
13.............. 0.97611 0.95028 0.92370 0.89536 0.86489 0.83118 0.78727 0.72942
14.............. 0.97920 0.95652 0.93298 0.90759 0.87975 0.84840 0.80708 0.75217
15.............. 0.98209 0.96238 0.94173 0.9\920 0.89392 0.86497 0.82629 0.77443
16.............. 0.98479 0.96786 0.94998 0.93020 0.90748 0.88089 0.84490 0.79619
17.............. 0.98733 0.97304 0.95779 0.94066 0.92043 0.89620 0.8629\ 0.8\743
18.............. 0.98972 0.97794 0.96524 0.95068 0.93288 0.91102 0.88029 0.83802
19.............. 0.99202 0.98281 0.97235 0.96018 0.94475 0.92526 0.89730 0.85848
20.............. 0.99381 0.98657 0.97819 0.96827 0.95524 0.93831 0.91350 0.87870
21.............. 0.99537 0.98987 0.98337 0.97552 0.96480 0.95042 0.92884 0.89822
22.............. 0.99668 0.99269 0.98785 0.98188 0.97335 0.96147 0.94317 0.91689
23.............. 0.99777 0.99504 0.99162 0.98730 0.98080 0.97136 0.95635 0.93450
24.............. 0.99861 0.99688 0.99466 0.99174 0.98708 0.97997 0.96820 0.95081
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TABLE22I. FEMALEADULT SURVIVORSHIP PROBABILITIES FROMAGE20. /(N)// (20), FORANALYSIS BASED ON
SURVIVAL OF FIRSTWIFE.EAST MODEL

VaI_lI{or N -----------
LMI 2$ JO J$ 4(J 4$ 50 55 60

I.............. 0.92947 0.85217 0.77397 0.69707 0.62519 0.55596 0.47715 0.38096
2.............. 0.93531 0.86399 0.79123 0.71897 0.65063 0.58386 0.50695 0.41183
3.............. 0.94061 0.87480 0.80719 0.73938 0.67452 0.61030 0.53545 0.44180
4.............. 0.94549 0.88482 0.82203 0.75850 0.69708 0.63544 0.56283 0.47097
5.............. 0.95001 0.89412 0.83589 0.77651 0.71843 0.65942 0.58916 0.49936
6.............. 0.95420 0.90278 0.84890 0.79346 0.73870 0.68233 0.61450 0.52702
7,............. 0.95811 0.91090 0.86113 0.80953 0.75801 0.70429 0.63897 0.55396
8.............. 0.96175 0.91851 0.87269 0.82477 0.17643 0.72533 0.66260 0.58022
9.............. 0.96518 0.92569 0.88360 0.83927 0.79404 0.74555 0.68544 0.60584

10.............. 0.96840 0.93247 0.89397 0.85308 0.81089 0.76500 0.70754 0.63083
11.............. 0.97108 0.93823 0.90297 0.86526 0.82593 0.78245 0.72745 0.65356
12.............. 0.97414 0.94464 0.91271 0.87810 0.84139 0.80008 0.74725 0.67574
13.............. 0.97702 0.95072 0.92199 0.89045 0.85641 0.81737 0.76686 0.69798
14.............. 0.97973 0.95646 0.93082 0.90229 0.87095 0.83426 0.78622 0.72021
15.............. 0.98229 0.96191 0.93925 0.91366 0.88501 0.85075 0.80532 0.74237
16.............. 0.98470 0.96706 0.94725 0.92455 0.89859 0.86681 0.82408 0.76442
17.............. 0.98698 0.97192 0.95486 0.93497 0.91169 0.88243 0.84251 0.78628
18.............. 0.98912 0.97653 0.96210 0.94493 0.92431 0.89757 0.86052 0.80786
19.............. 0.99113 0.98087 0.96895 0.95444 0.93641 0.91221 0.87806 0.82907
20.............. 0.99304 0.98501 0.97549 0.96352 0.94804 0.92635 0.89513 0.84989
21.............. 0.99503 0.98914 0.98189 0.97233 0:95937 0.94043 0.91254 0.87164
22.............. 0.99649 0.99231 0.98703 0.97981 0.96955 0.95375 0.92990 0.89439
23.............. 0.99771 0.99497 0.99141 0.98632 0.97864 0.96606 0.94645 0.91680
24.............. 0.99867 0.99707 0.99491 0.99164 0.98636 0.97700 0.96180 0.93838

TABLE222. FEMALEADULT SURVIVORSHIP PROBABILITIES fROM AGE20, /(N)// (20), fOR ANALYSIS BASED ON
SURVIVAL OF fiRST WifE. WEST MODEL

VaI_ofIIr N

""" 2$ JO 35 4(J 45 50 55 60

I .............. 0.90820 0.81509 0.72097 0.63031 0.54631 0.46949 0.38560 0.30010
2.............. 0.91623 0.83048 0.74290 0.65748 0.57717 0.~0241 0.41950 0.33328
3.............. 0.92349 0.84449 0.76304 0.68271 0.60616 0.53370 0.45221 0.36585
4.............. 0.93009 0.85731 0.78168 0.70627 0.63349 0.56352 0.48379 0.39779
5.............. 0.93611 0.86912 0.79899 0.72834 0.65934 0.59200 0.51430 0.42911
6.............. 0.94164 0.88007 0.81512 0.74910 0.68384 0.61925 0.54381 0.45978
7.............. 0.94678 0.89026 0.83024 0.76870 0.70717 0.64537 0.57238 0.48983
8.............. 0.95155 0.89977 0.84446 0.78725 0.72941 0.67047 0.60006 0.51926
9.............. 0.95598 0.90867 0.85785 0.80485 0.75064 0.69458 0.62690 0.54808

10.............. 0.96014 0.91707 0.87052 0.82159 0.77097 0.71782 0.65295 0.57630
II.............. 0.96404 0.92496 0.88253 0.83751 0.79043 0.74020 0.67822 0.60393
12.............. 0.96772 0.93244 0.89394 0.85274 0.80912 0.76180 0.70277 0.63098
13.............. 0.97J1S 0.93942 0.90462 0.86707 0.82680 0.78236 0.72627 0.65705
14.............. 0.97388 0.94500 0.91336 0.87905 0.84186 0.79999 0.74665 0.67982
15.............. 0.97729 0.95198 0.92398 0.89316 0.85904 0.81974 0.76899 0.70443
16.............. 0.98050 0.95857 0.93407 0.90667 0.87570 0.83909 0.79117 0.72919
17.............. 0.98350 0.96476 0.94363 0.91959 0.89179 0.85800 0.81309 0.75397
18.............. 0.98629 0.97056 0.95266 0.93191 0.90727 0.87638 0.83465 0.77865
19.............. 0.98890 0.97601 0.96118 0.94363 0.92215 0.89422 0.85580 0.80315
20.............. 0.99135 0.98113 0.96925 0.95478 0.93642 0.91148 0.87645 0.82734
21.............. 0.99375 0.98622 0.97729 0.96596 0.95071 0.92889 0.89741 0.85216
22.............. 0.99588 0.99078 0.98446 0.97602 0.96407 0.94593 0.91898 0.87902
23.............. 0.99746 0.99426 0.99014 0.98439 0.97567 0.96144 0.93951 0.90569
24.............. 0.99866 0.99692 0.99460 0.99113 0.98541 0.97514 0.95855 0.93167

'2S7



TA8LE223. MALE ADULT SURVIVORSHIP PROIABlLmES fROM AGE 20.I(N )/1(20). fOR ANALYSIS 8ASED ON
SURVIVAL Of flllST HUSIAND. NORTH MODEL

V"ofIrN

UwI l' 10 J' 40 4' 3D ss lID

1.............. 0.90632 0.81625 0.72975 0.64120 0.54825 0.45422 0.36245 0.26942
2.............. 0.91394 0.83055 0.74973 0.66626 0.57766 0.48664 0.39588 0.30200
3.............. 0.92079 0.84351 0.76799 0.68942 0.60510 0.51732 0.42809 0.33405
4.............. 0.92697 0.85531 0.78479 0.71087 0.63084 0.54648 0.45913 0.36555
5.............. 0.93261 0.86615 0.80032 0.73089 0.65508 0.57427 0.48908 0.39649
6.............. 0.93783 0.87618 0.81478 0.74966 0.67800 0.60080 0.51806 0.42685
7.............. 0.94260 0.88548 0.82825 0.76729 0.69970 0.62618 0.S4606 0.45661
8.............. 0.94705 0.89414 0.84091 0.78392 0.72032 0.65049 0.57316 0.48580
9.............. 0.95119 0.90225 0.85278 0.79964 0.73994 0.67383 0.59939 0.51439

10.............. 0.95505 0.90987 0.86398 0.81453 0.75866 0.69623 0.62483 0.54240
11.............. 0.95869 0.91704 0.87458 0.82868 0.77655 0.71781 0.64949 0.56982
12.............. 0.96208 0.92378 0.88458 0.84212 0.79361 0.73853 0.67343 0.59705
13.............. 0.96490 0.92937 0.89292 0.85340 0.80815 0.75655 0.69435 0.62064
I.C........... 0.96778 0.93513 0.90147 0.86487 0.82267 0.77403 0.71431 0.64296
IS.............. 0.97062 0.94081 0.90995 0.87627 0.83720 0.79165 0.73464 0.66590
16.............. 0.97341 0.94640 0.91830 0.88759 0.85168 0.80935 0.75525 0.68940
17.............. 0.97611 0.95186 0.92650 0.89872 0.86601 0.82700 0.77599 0.71332
18.............. 0.97874 0.95716 0.93450 0.90961 0.88013 0.84451 0.79675 0.73749
19.............. 0.98127 0.96228 0.94224 0.92022 0.89394 0.86175 0.81738 0.76175
20.............. 0.98370 0.96720 0.94972 0.93049 0.90737 0.87863 0..83775 0.78593
21.............. 0.98602 0.971'to 0.95688 0.94037 0.92036 0.89506 0.85771 0.80985
22.............. 0.98828 0.97649 0,96388 0.95008 0.93310 0.91076 0.87650 0.83198
23.............. 0.99140 0.98271 0.97313 0.96231 0.94861 0.93006 0.90033 0.86106
24.............. 0.99378 0.98753 0.98056 0.97263 0.96240 0.94807 0.92367 0.89082

TABLE 224. MALE ADULT SURVIVORSHIP PROBABILITIES FROM AGE 20.I(N)/I(20).FOR ANALYSIS BASED ON
SURVIVAL OffIRST HUSBAND. SOUTH MODEL

"'''ofIrN

UwI l' 10 J' 40 4' 3D " lID

1.............. 0.91403 0.83532 0.76452 0.69366 0.61824 0.54056 0.45611 0.36401
2.............. 0.92132 0.84875 0.78266 0.71593 0.64406 0.56903 0.48615 0.39426
3.............. 0.92792 0.86099 0.79928 0.73646 0.66811 0.59578 0.51473 0.42343
4.............. 0.93391 0.87221 0.81461 0.75557 0.69061 0.62106 0.54199 0.45162
5.............. 0.93943 0.88256 0.82886 0.77342 0.71180 0.64502 0.56805 0.47889
6.............. 0.94451 0.89217 0.84215 0.79016 0.73179 0.66778 0.59304 0.50528
7.............. 0.94922 0.90109 0.85458 0.80590 0.75072 0.68947 0.61701 0.53084
............... 0.95359 0.90946 0.86626 0.82076 0.76869 0.71018 0.64009 0.55564
9.............. 0.95770 0.91730 0.87727 0.83485 0.78579 0.73000 0.66229 0.57973

10.............. 0.96ll4 0.92397 0.88664 0.84689 0.80047 0.74711 0.68168 0.60098
II.............. 0.96479 0.93110 0.89647 0.85929 0.81541 0.76441 0.70112 0.628
12.............. 0.96849 0.93812 0.90638 0.87206 0.83097 0.78247 0.72135 O.644lt
13.............. 0.97195 0.94471 0.91579 0.88426 0.84596 0.80002 0.74122 0.66596
14.............. 0.97516 0.95092 0.92471 0.89588 0.86037 0.81705 0.76068 0.68757
15.............. 0.97820 0.95681 0.93319 0.90700 0.87423 0.83356 0.77971 0.70893
16.............. 0.98105 0.96235 0.94:22 0.91760 0.88755 0.84952 0.79827 0.72995
17.............. 0.98372 0.96758 0.94885 0.92771 0.90030 0.86493 0.81633 0.75063
1............... 0.98624 0.97256 0.95615 0.93743 0.91264 0.87993 0.83404 0.77106
19.............. 0.98934 0.97825 0.96472 0.94903 0.92757 0.89818 0.85565 0.79597
20.............. 0.99155 0.98259 0.97141 0.95821 0.93968 0.91354 0.87464 0.81896
21.............. 0.99349 0.98646 0.97741 0.96659 0.9S094 0.92813 0.89311 0.84189
22.............. 0.99518 0.98988 0.98280 0.97421 0.96138 0.94196 Mll07 0.86476
23.............. 0.99661 0.99282 0.98754 0.98101 0.97088 0.95487 0.92834 0.88744
24.............. 0.99780 0.99526 0.99158 0.98691 0.97932 0.96670 0.94473 0.90973
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TABLE 225. MALE ADULTSURVIVORSHIP PROBABILITIES fROM AGE20. I (N)/I (20). FOR ANALYSIS BASEDON
SURVIVAl,. OF FIRST HUSBAND. EAST MODEL

Yalun o{lIJ!~______________________

"", l' 3D J' 40 4' '0 " 60---_ .._~---_._._----_._--_.._---
I·.............. 0.92932 0.86200 0.79193 0.71327 0.62720 0.53699 0.44456 0.34878
2.............. 0.93476 0.87228 0.80692 0.73297 0.65118 0.56418 0.47327 0.37713
3.............. 0.93969 0.88171 0.82070 0.75128 0.67370 0.58992 0.50075 0.40467
4.............. 0.94427 0.89041 0.83351 0.76839 0.69490 0.61439 0.52716 0.43148
5.............. 0.94848 0.89850 0.84549 0.78446 0.71495 0.63775 0.55258 0.45756
6.............. 0.95236 0.90603 0.85667 0.79956 0.73394 0.66004 0.57710 0.48296
7.............. 0.95600 0.91307 0.86718 0.81387 0.75201 0.68140 0.60076 0.50771
8.............. 0.95940 0.91967 0.87709 0.82739 0.76922 0.70189 0.62361 0.53184
9.............. 0.96260 0.92589 0.88646 0.84023 0.78564 0.72156 0.64574 0.55538

10.............. 0.96561 0.93178 0.89534 0.85247 0.80137 0.74049 0.66717 0.57835
11.............. 0.96827 0.93702 0.90333 0.86362 0.81586 0.75808 0.68714 0.59989
12.............. 0.97078 0.94194 0.91078 0.87390 0.82907 0.77389 0.70490 0.61882
13.............. 0.97324 0.94675 0.91809 0.88404 0.84215 0.78970 0.72282 0.63812
14.............. 0.97563 0.95146 0.92527 0.89401 0.85510 0.80548 0.74089 0.65775
IS.............. 0.97794 0.95604 0.93227 0.90378 0.86788 0.82117 0.75900 0.67765
16.............. 0.98019 0.96050 0.93911 0.91335 0.88045 0.83672 0.77712 0.69775
17.............. 0.98237 0.96483 0.94574 0.92269 0.89278 0.85207 0.79519 0.71800
18.............. 0.98447 0.96899 0.95217 0.93114 0.90481 0.86718 0.81309 0.73824
19.............. 0.98649 0.97302 0.95837 0.94053 0.91652 0.88196 0.83076 0.75841
20.............. 0.98842 0.97687 0.96433 0.94898 0.92786 0.89638 0.84812 0.77838
21.............. 0.99055 0.98098 0.97054 0.95759 0.93932 0.911 /6 0.86635 0.79995
22.............. 0.99254 0.98498 0.97672 0.96641 0.95/44 0.92132 0.88113 0.82554
23.............. 0.99443 0.98879 0.98260 0.97483 0.96314 0.94331 0.90829 0.85241
24.............. 0.99616 0.99227 0.98801 0.98258 0.97409 0.95869 0.92949 0.88051

TABLE 226. MALE ADULTSURVIVORSHIP PROBABILITIES FROM AGE20. I (N )//(20). FOR ANALYSIS BASEDON
SUIlVIVALOF FIRST HUSBAND.WEST MODEL

Y..... tt/5!N,..., l' 3D JJ 40 4' SO " 60

I.............. 0.90775 0.81376 0.71644 0.61671 0.51446 0.41181 0.32133 0.23441
2.............. 0.91555 0.82888 0.73827 0.64426 0.54635 0.45186 0.35538 0.26582
3.............. 0.92260 0.84263 0.75833 0.66986 0.51640 0.48444 0.38859 0.29719
4.............. 0.92899 0.85523 0.71687 0.69379 0.60483 0.51570 0.42100 0.32831
5.............. 0.93484 0.86681 0.79408 0.71620 0.63180 0.54514 0.45262 0.35933
6.............. 0.94022 0.87757 0.81015 0.73732 0.65145 0.51463 0.48341 0.39001
7.............. 0.94521 0.88756 0.82520 0.15724 0.68190 0.60241 0.51351 0.42038
8.............. 0.94982 0.89689 0.83934 0.17611 0.10523 0.62930 0.54293 0.45037
9.............. 0.95415 0.90565 0.85268 0.79404 0.72159 0.65524 0.51159 0.48002

10.............. 0.95818 0.91387 0.86528 0.81108 0.14900 0.68028 0.59956 0.50927
11.............. 0.96198 0.92163 0.87723 0.82132 0.76956 0.10451 0.62685 0.53810
12.............. 0.96553 0.92B96 0.88B57 0.84283 0.18931' 0.12195 0.65349 0.56651
13.............. 0.96886 0.93581 0.89921 0.85145 0.80813 0.15058 0.61972 0.59495
J.4.............. 0.97208 0.94246 0.90964 0.87171 0.82642 0.77225 0.70424 0.62106

,15.............. 0.97496 0.94849 0.91907 0.88483 0.84318 6,79225 0.72712 0.64510
16.............. 0.97778 0.95436 0.92828 0.89763 0.85974 0.81224 0.75025 0.61094
17.............. 0.98050 0.96002 0.93722 0.91013 0.87603 0.83212 0.11352 0.69665
IB.............. 0.98313 0.96553 0.94589 0.92231 0.89203 0.85180 0.19683 0.72211
19.............. 0.98565 0.97082 0.95425 0.93411 0.90163 0.81111 0.82002 0.14891
20.............. 0.98808 0.97589 0.96229 0.94550 0.92219 0.89016 0.84299 0.11526
21............., 0.99043 0.98074 0.96988 0.95622 0.93698 0.90809 0.86484 0_80080
22.............. 0.99271 0.98543 0.97721 0.96683 0.95156 0.92133 0.88956 0.83108
23.............. 0.99486 0.98981 0.98411 0.97678 0.96546 0.94623 0.91468 0.86306
24.............. 0.99675 0.99365 0.99018 0.98552 0.91191 0.96384 0.93915 0.89580

259



AIIIIt.X VIII

VALUES OFPROBABILITY OFSURVIVING FROM BIRTH, FROM COALE-DEMENV
MODEL LIFE TABLES FOR FEMALES, MALES AND BOTH SEXES COMBINED

TABLE 227. FEMALE PROBABILITY OFSURVIVING FROM.JRTH./(x). NORTHMODEL

~"II/--.""".,. bItrJI, If"}

l.-I 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15) 1(20) 1(25) 1(30)

I.............. 0.68027 0.59707 0.54585 0.50719 0.47783 0.41664 0.38879 0.36233 0.33468 0.30493
2.............. 0.70798 0.62931 0.58089 0.54433 0.51658 0.45647 0.42870 0.40206 0.37399 0.34357
3.............. 0.73285 0.65879 0.61320 0.57878 0.55265 0.49416 0.46675 0.44023 0.41205 0.38134
4.............. 0.75539 0.68592 0.64316 0.61087 0.58637 0.52990 0.50309 0.47693 0.44891 0.41822
5'.............. 0.77595 0.71104 0.67108 0.64091 0.61801 0.56387 0.53785 0.51225 0.48461 0.45421
6.............. 0.79483 0.73440 0.69720 0.66912 0.64780 0.59622 0.57115 0.54626 0.51920 0.48931
7.............. 0.81226 0.75622 0.72173 0.69569 0.67592 0.62708 0.60308 0.57905 0.55272 0.52353
B.............. 0.82842 0.77668 0.74483 0.72078 0.70253 0.65657 0.63373 0.61067 0.58521 0.55689
9.............. 0.84347 0.79591 0.76664 0.74454 0.72777 0.68479 0.66320 0.64120 0.61672 0.58941

10.............. 0.85753 0.81405 0.78729 0.76708 0.75175 0.71182 0.69154 0.67068 0.64728 0.62111
II.............. 0.87070 0.83119 0.80687 0.78851 0.77457 0.73775 0.71883 0.69917 0.67693 0.65200
12..............· 0.88305 0.84739 0.82544 0.80886 0.79628 0.76259 0.74507 0.72666 0.70565 0.68204
13.............. 0.89451 0.86319 0.84391 0.82936 0.81831 0.78B22 0.77212 0.75483 0.73483 0.71235
14.............. 0.90498 0.87810 0.86140 0.84874 0.83906 0.81261 0.79809 0.78216 0.76351 0.74247
15..........;... 0.91512 0.89247 0.87813 0.86714 0.85864 0.83564 0.82270 0.80820 0.79099 0.77149
16.............. 0.92492 0.90605 0.89388 0.88447 0.87710 0.85736 0.84599 0.83295 0.81724 0.79939
17.............. 0.93435 0.91887 0.90871 0.90078 0.89450 0.87787 0.86803 0.85646 0.84230 0.82617
18.............. 0.94337 0.93096 0.92267 0.91615 0.91093 0.89724 0.88890 0.87879 0.86622 0.85184
19.............. 0.95199 0.94236 0.93583 0.93064 0.92645 0.91556 0.90868 0.90004 0.88904 0.87645
20.............. 0.96018 0.95311 0.94822 0.94432 0.94114 0.93294 0.92747 0.92027 0.91084 0.90004
21.............. 0.96795 0.96323 0.95993 0.95727 0.95508 0.94946 0.94537 0.93957 0.93171 0.92269
22.............. 0.97535 0.97287 0.971 II 0.96968 0.96850 0.96545 0.96272 0.95834 0.95204 0.94482
23.............. 0.98177 0.98036 0.97935 0.97852 0.97783 0.97598 0.97427 0.97140 0.96725 0.96225
24.............. 0.98782 0.98713 0.98662 0.98620 0.98585 0.98491 0.98393 0.98211 0.97936 0.97601

1(35) 1(40) 1(45) I(SO) 1(55) l(dO) 1(6$) IVO) 1(75) 1(80)

I .............. 0.27314 0.24054 0.21028 0.18219 0.15376 0.12154 0.08638 0.05134 0.02245 0.00624
2.............. 0.31083 0.27692 0.24498 0.21492 0.18396 0.14841 0.10867 0.06771 0.03214 0.01031
3.............. 0.34807 0.31331 0.28011 0.24847 0.21537 0.17688 0.13295 0.08627 0.04385 0.01574
4.............. 0.38478 0.34957 .0.31550 0.28264 0.24776 0.20675 0.15903 0.10692 0.05759 0.02268
5.............. 0.42091 0.38560 0.35101 0.31728 0.28096 0.23783 0.18675 0.12954 0.07336 0.03122
6.............. 0.45643 0.42132 0.38653 0.35225 0.31482 0.26998 0.21596 0.15404 0.09116 0.04144
7.............. 0.49130 0.45669 0.42198 0.38744 0.34920 0.30303 0.24652 0.18029 0.11093 0.05341
8.............. 0.52552 0.49165 0.45728 0.42274 0.38400 0.33685 0.27828 0.20818 0.13263 0.06717
9.............. 0.55908 0.52616 0.49237 0.45808 0.41909 0.37133 0.31112 0.23761 0.15620 0.08273

10.............. 0.59197 0.56020 0.52719 0.49338 0.45441 0.40636 0.34491 0.26846 0.18157 0.10010
JI.............. 0.62418 0.59373 0.56170 0.52858 0.48985 0.44184 0.37956 0.30062 0.20865 0.11928
12.............. 0.65567 0.62669 0.59579 0.56355 0.52529 0.47760 0.41494 0.33401 0.23755 0.14056
13.............. 0.68727 0.65965 0.62971 0.59821 0.56027 0.51292 0.44980 0.36683 0.26580 0.16121
14.............. 0.71897 0.69292 0.66416 0.63346 0.59587 0.54869 0.48500 0.39998 0.29447 O.lB242
15.............. 0.74971 0.72543 0.69809 0.66846 0.63155 0.58495 0.52120 0.43471 0.32522 0.20584
16.............. 0.77945 0.75710 0.73138 0.70309 0.66716 0.62155 0.55826 0.47092 0.35807 0.23157
17.............. 0.80816 0.78785 0.76396 0.73723 0.70258 0.65836 0.59605 0.50852 0.39296 0.25968
lB.............. 0.B3582 0.81766 0.79574 0.77079 0.73768 0.69522 0.63441 0.54735 0.42980 0.29018
19.............. 0.86245 0.84651 0.82669 0.80368 0.77237 0.73199 0.67317 0.58722 0.46845 0.32303
·20.............. 0.88809 0.87441 0.85678 0.83586 0.80654 0.76855 0.71214 0.62795 0.50872 0.35812
21.............. 0.91278 0.90138 0.88601 0.86728 0.84013 0.80477 Q.7511B 0.66931 0.55040 0.39531
22.............. 0.93700 0.92794 0.91492 0.89845 0.87367 0.84077 0.78990 0.71052 0.59225 0.43330
23.............. 0.95675 0.95007 0.93995 0.92628 0.90485 0.B7604 0.83032 0.75679 0.64336 0.48391
24.............. 0.97234 0.96780 0.96043 0.94992 0.93251 0.90879 0.86985 0.80481 0.69996 0.S4401
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TABLE228. MALE PROBABILITY OF SURVIVING FROMBIRTH./(X). NORTH MODEL

ProbtIbiU'l ofIIIn/w"lftom bi,.,1t, I()()

""'" 1(1) 1(2) 1(3) 1(4) I(S) 1(10) l(lS) 1(20) 1(2S) 1(30)

1.............. 0.62883 0.54784 0.49858 0.46197 0.43413 0.37865 0.35414 0.33041 0.29946 0.26970
2.............. 0.66077 0.58341 0.53637 0.50141 0.47482 0.41960 0.39484 0.37056 0.33867 0.30777
3.............. 0.68944 0.61599 0.57133 0.53813 0.51289 0.45855 0.43384 0.40930 0.37688 0.34525
4.............. 0.71541 0.64603 0.60383 0.57247 0.54862 0.49563 0.47123 0.44669 0.41407 0.38206
5.............. 0.73911 0.67387 0.63419 0.60470 0.58227 0.53101 0.50711 0.482711 0.45025 0.41816
6.............. 0.76087 0.69979 0.66265 0.63504 0.61405 0.56480 0.54158 0.51762 0.48544 0.45353
7.............. 0.78096 0.72404 0.68942 0.66369 0.64412 0.59713 0.57473 0.55129 0.51965 0.48816
8.............. 0.79959 0.74678 0.71467 0.69080 0.67265 0.62809 0.60662 0.58383 0.55292 0.52203
9.............. 0.81694 0.76819 0.73854 0.71652 0.69976 0.65778 0.63734 0.61530 0.58527 0.55516

10.............. 0.83314 0.78839 0.76117 0.74095 0.72557 0.68627 0.66694 0.64574 0.61672 0.58754
11.............. 0.84833 0.80749 0.78266 0.76421 0.75017 0.71365 0.69548 0.67519 0.64730 0.61918
12.............. 0.86256 0.82556 0.80306 0.78633 0.77361 0.73992 0.72297 0.70365 0.67697 0.65002
13.............. 0.87589 0.84328 0.82344 0.80870 0.79749 0.76689 0.75116 0.73264 0.70693 0.68090
14.............. 0.88772 0.85920 0.84186 0.82897 0.81916 0.79161 0.77715 0.75958 0.73S11 0.71031
15.............. 0.89926 0.87456 0.85954 0.84838 0.83990 0.81537 080222 0.78571 0.76263 0.73921
16.............. 0.91045 0.89005 0.87707 0.86725 0.85969 0.83814 0.82634 0.81097 0.78941 0.76751
17.............. 0.92126 0.90473 0.89368 0.88518 0.87855 0.85994 0.84949 0.83534 0.81539 0.79513
18.............. 0.93167 0.91855 0.90937 0.90218 0.89652 0.88076 0.87169 0.85880 0.84055 0.82201
19.............. 0.94164 0.93156 0.92416 0.91829 0.91362 0.90065 0.89294 o.s8135 0.86485 0.84811
20.............. 0.95115 0.94378 0.93811 0.93355 0.92989 0.91963 0.91327 0.90300 0.88829 0.87339
21.............. 0.96019 0.95524 0.95126 0.941101 0.94538 0.93776 0.93273 0.92379 0.91088 0.89784
22.............. 0.96870 0.96595 0.96365 0.96175 0.96021 0.95510 0.95137 0.94378 0.93272 0.92160
23.............. 0.97647 0.97484 0.97341 0.97222 0.97124 0.96781 0.96513 0.95938 0.95i 13 0.94280
24.............. 0.98394 0.98310 0.98234 0.98170 0.98117 0.97916 0.97745 0.97326 0.96721 0.96113

I(3S) 1(40) 1(4S) I(SO) I(SS) 1(60) /(6S) l('lO) /(7S) 1(10)

1.............. 0.24112 0.21186 0.18115 0.15008 0.11976 0.08902 0.05958 0.03338 0.01292 0.00273
2.............. 0.27782 0.24689 0.21406 0.18033 0.14670 0.11191 0.07755 0.04575 0.01952 0.00503
3.............. 0.31434 0.28218 0.24767 0.21174 0.17522 0.13673 0.09766 0.06022 0.02784 0.00832
4.............. 0.35056 0.31754 0.28179 0.24411 0.20509 0.16329 0.11978 0.07676 0.03795 0.01277
5.............. 0.38638 0.35286 0.31626 0.27725 0.23612 0.19142 0.14377 0.09531 0.04993 0.01851
6.............. 0.42175 0.38804 0.35095 0.31099 0.26816 0.22095 0.16952 0.11581 0.06380 0.02565
7.............. 0.45661 0.42300 0.38514 0.34521 0.30104 0.25173 0.19690 0.13819 0.07957 0.03430
8.............. 0.49095 0.45768 0.42055 0.31978 0.33463 0.28363 0.22577 0.16236 0.09724 0.04453
9.............. 0.52472 0.49202 0.45529 0.41461 0.36881 0.31651 0.25601 0.18824 0.11680 0.05641

10.............. 0.55791 0.52598 0.48990 0.44959 0.40348 0.35025 0.28752 0.21574 0.13820 0.06998
11.............. 0.59051 0.55952 0.52432 0.48466 0.43853 0.38474 0.32017 0.24477 0.16140 0.08526
12.............. 0.62244 0.59256 0.55843 0.51967 0.47386 0.42012 0.35425 0.27569 0.18687 0.10276
13.............. 0.65419 0.62524 0.59209 0.55428 0.50871 0.45471 0.38135 0.30557 0.21139 0.11961
14.............. 0.68474 0.65694 0.62489 0.58194 0.54258 0.48838 0.41967 0.33494 0.23580 0.13670
15.............. 0.71496 0.68850 0.65780 0.62201 0.51722 0.52321 0.45349 0.36631 0.26248 0.15595
16.............. 0.74472 0.71981 0.69069 0.65636 0.61249 0.55909 0.48902 0.39966 0.29152 0.17753
17.............. 0.77395 0.75074 0.72342 0.69083 0.64822 0.59587 0.52585 0.43492 0.32293 0.20156
18.............. 0.80255 0.78118 0.75586 0.72527 0.68425 0.63336 0.56391 0.47197 0.35668 0.22813
19.............. 0.83045 0.81104 0.78788 0.75951 0.72040 0.67137 0.60299 0.51064 0.39267 0.25725
20.............. 0.85760 0.84024 0.81936 0.79341 0.15649 0.70910 0.64281 0.55072 0.43014 0.28887
21.............. 0.88396 0.86811 0.85022 0.82685 0.79235 0.74814 0.68334 0.59196 0.47010 0.32290
22.............. 0.90970 0.89667 0.88065 0.85956 0.82723 0.78521 0.72230 0.63189 0.50981 0.35699
23.............. 0.93361 0.92323 0.91008 0.89229 0.86376 0.82609 0.76183 0.68162 0.56213 0.40614
24............. 0.95434 0.94663 0.93667 0.92272 0.89898 0.86700 0.81544 0.13627 0.62294 0.46701
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TABLE229. PROBABILITY OF SURVIVING FROMBIRTH. / (x ), FORBOTH SEXES COMBINED. NORTH MODEL

hllIIII1IIIIIy!1/"';¥iIIfJr- blrtlI,/(It)

UwI 1(1) 1(1) 1(3) 1(4) I(S) 1(10) I(IS) 1(10) l(lS) 1(30)

I.............. 0.65392 0.57185 0.52163 0.48402 0.45544 0.39718 0.37104 0.34598 0.31664 0.28688
2.............. 0.68379 0.60579 0.55808 0.52234 0.49519 0.43758 0.4113S 0.38592 0.35589 0.32523
3.............. 0.71061 0.63686 0.59175 0.55795 0.53228 0.47592 0.44989 0.42438 0.39403 0.36285
4.............. 0.73491 0.66548 0.62301 0.59120 0.56703 0.51234 0.48617 0.46144 0.43106 0.39969
5.............. 0.75708 0.69200 0.65218 0.62236 0.59970 0.54703 0.52210 0.49715 0.46701 0.43574
6.............. 0.77743 0.71667 0.67950 0.65166 0.63051 0.58012 0.55600 0.53159 0.50190 0.47098
7.............. 0.79622 0.73973 0.70518 0.67929 0.65963 0.61173 0.58855 0.56483 0.53578 0.50541
8.............. 0.81365 0.76136 0.72938 0.70542 0.68722 0.64198 0.61984 0.59692 0.56867 0.53903
9.............. 0.82988 0.78171 0.75224 0.73018 0.71342 0.67095 0.64995 0.62793 0.60061 0.57186

10.............. 0.84503 0.80090 0.77391 0.75369 0.73834 0.69873 0.67893 0.65790 0.63162 0.60391
11.............. 0.85924 0.81905 0.79446 0.17606 0.76207 0.72540 0.70687 0.68688 0.66175 0.63518
12.............. 0.87255 0.83620 0.81397 0.79732 0.78466 0.75097 0.73375 0.71487 0.69095 0.66563
13.............. 0.88497 0.85299 0.83342 0.81877 0.80764 0.77729 0.76138 0.74346 0.72053 0.69624
14.............. 0.89613 0.86841 0.85139 0.83861 0.82886 0.80185 0.78736 0.77059 0.74896 0.72599
IS.............. 0.90699 0.88329 0.86860 0.85753 0.84904 0.82525 0.81220 0.79668 0.77646 0.75495
16.............. 0.91750 0.89785 0.88526 0.87564 0.86818 0.84751 0.83592 0.82169 0.80298 0.78306
17.............. 0.92764 0.91162 0.90101 0.89278 0.88633 0.86868 0.85853 0.84564 0.82851 0.81027
18.............. 0.93737 0.92460 0.91585 0.90899 0.90354 0.88879 0.88008 0.86855 0.85307 0.83656
19.............. 0.94668 0.93682 0.92985 0.92431 0.91987 0.90792 0.90061 0.89046 0.87664 0.86193
20............. 0.95555 0.94833 0.94304 0.93880 0.93537 0.92612 0.92019 0.91142 0.89928 0.88638
21.............. 0.96397 0.95913 0.95548 0.95252 0.95011 0.94346 0.93889 0.93148 0.92104 0.90996
22.............. 0.97194 0.96932 0.96728 0.96561 0.96425 0.96014 0.95690 0.95088 0.94214 0.93292
23.............. 0.97905 0.97753 0.97630 0.97529 0.97445 0.97179 0.96958 0.96524 0.95899 0.95228
24.............. 0.98583 0.98506 0.98442 0.98389 0.98345 0.98196 0.98061 0.97757 0.97313 0.96838

1(3S) 1(40) 1(4S) I(SO) I(SS) 1(60) 1(6S) 1(70) 1(7S) 1(80)

1........:......... 0.25673 0.22585 0.19535 0.16574 0.13634 0.10488 0.07265 0.04214 0.01756 0.00444
2 .................. 0.29392 0.26153 0.22914 0.19720 0.16487 0.12971 0.09273 0.05646 0.02567 0.00760
3.................. 0.33079 0.29736 0.26349 0.22965 0.19480 0.15631 0.11487 0.07292 0.03564 0.01193
4 .................. 0.36725 0.33316 0.29823 0.26290 0.22590 0.18448 0.13892 0.09147 0.04753 0.01760
5.................. 0.40322 0.36883 0.33321 0.29677 0.25799 0.21405 0.16473 0.11200 0.06135 0.02470
6 .................. 0.43866 0.40427 0.36830 0.33111 0.29092 0.24486 0.19217 0.13445 0.07714 0.03335
7 .................. 0.47353 0.43943 0.40341 0.36580 0.32453 0.27675 0.22110 0.15872 0.09486 0.04362
8.................. 0.50781 0.47425 0.43846 0.40073 0.35871 0.30959 0.25138 0.18471 0.11450 0.05557
9 .................. 0.54148 0.50867 0.47337 0.43581 0.39333 0.34325 0.28289 0.21232 0.13601 0.06924

10.................. 0.57452 0.54267 0.50809 0.47095 0.42832 0.37762 0.31551 0.24145 0.15935 0.08467
11 .................. 0.60693 0.57620 0.54255 0.50608 0.46356 0.41259 0.34914 0.27201 0.18444 0.10185
12.................. 0.63864 0.60920 0.57665 0.54107 0.49894 0.44815 0.38385 0.30413 0.21159 0.12119

·13.................. 0.67032 0.64202 0.61044 0.57570 0.53386 0.48310 0.41781 0.33545 0.23793 0.13990
14.................. 0.70143 0.67449 0.64404 0.61014 0.56857 0.51779 0.45153 0.36666 0.26441 0.15900
15.................. 0.73191 0.70651 0.61745 0.64466 0.60372 0.55332 0.48651 0.39967 0.29308 0.18028
16.................. 0.76166 0.73800 0.71053 0.67915 0.63915 0.58955 0.52279 0.43442 0.32398 0.20389
17.................. 0.79063 0.76884 0.74319 0.71346 0.67473 0.62635 0.56009 0.47082 0.35709 0.22991
18.................. 0.81877 0.79897 0.77531 0.74747 0.71031 0.66353 0.59829 0.50874 0.39234 0.25839
19.................. 0.84605 0.82834 0.80681 0.78105 0.74575 0.70094 0.63722 0.54799 0.42963 0.28933
20.................. 0.87247 0.85690 0.83761 0.81411 0.78090 0.73840 0.67665 0.58839 0.46877 0.32265
21.................. 0.89801 0.88464 0.86767 0.84657 0.81565 0.77576 0.71643 0.62969 0.50957 0.35822
22.................. 0.92301 0.91192 0.89736 0.87853 0.84988 0.81231 0.75527 0.67024 0.55002 0.39421
23.................. 0.94489 0.93632 0.92465 0.90887 0.88380 0.85045 0..79831 0.71828 0.60175 0.44407
24.................. 0.96312 0.95695 0.94825 0.93598 0.91533 0.88738 0.84198 0.76970 0.66051 0.50457

Not~: Valuesof /(x) based on a sex ratio at birth of 105males per 100females.
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TAIU!230. FEMALE PROIABILITY OFSURVIVINO FROM BlltTH./(X), SOUTHMODEL

1'rfIbtIIJII'!-t.,.,.,,..birr'" (x)

lIrtl 1(1) 1(2) 1(3) 1(4) I(S) 1(10) I(lS) 1(20) 1(2S) 1(30)

I .............. 0.69300 0.55531 0.49192 0.45845 0.43943 0.39982 0.38056 0.35552 0.32645 0.29785
2.............. 0.71551 0.58633 0.52685 0.49544 0.47760 0.43860 0.41940 0.39429 0.36492 0.33575
3.............. 0.73585 0.61504 0.55941 0.53005 0.51336 0.47538 0.45646 0.43156 0.40225 0.37290
4.............. 0.75437 0.64176 0.58992 0.56254 0.54699 0.51034 0.49188 0.46744 0.43850 0.40928
5.............. 0.77135 0.66676 0.61860 0.59317 0.57872 0.54365 0.52579 0.50201 0.47368 0.44487
6.............. 0.78702 0.69022 0.64565 0.62212 0.60875 0.57544 0.55831 0.53536 0.50785 0.47968
7.............. 0.80153 0.71231 0.67124 0.64955 0.63722 0.60585 0.58953 0.56754 0.54105 0.51372
8.............. 0.81504 0.73318 0.69550 0.67560 0.66429 0.63496 0.61954 0.59863 0.57330 0.54699
9.............. 0.82766 0.75295 0.71855 0.70039 0.69007 0.66288 0.64842 0.62868 0.60464 0.57951

10.............. 0.83935 0.71177 0.74065 0.72422 0.71489 0.69031 0.67685 0.65815 0.63535 0.61131
11.............. 0.84956 0.78923 0.76145 0.74679 0.73845 0.71633 0.70401 0.68682 0.66568 0.64319
12.............. 0.85953 0.80603 0.78140 0.76839 0.76100 0.74127 0.73010 0.71444 0.69500 0.67416
13.............. 0.86925 0.82219 0.80052 0.78909 0.78259 0.76519 0.75517 0.74104 0.72334 0.70420
14.............. 0.17870 0.83774 0.81888 0.80892 0.80326 0.78815 0.77927 0.76666 0.75072 0.73333
15.............. 0.88786 0.85268 0.83649 0.82794 0.82308 0.81018 0.80244 0.79134 0.77117 0.76157
16.............. 0.89673 0.86705 0.85339 0.84617 0.84207 0.83135 0.82471 0.81511 0.80272 0.78892
17.............. 0.90529 0.88101 0.86975 0.86375 0.86029 0.85168 0.84615 0.83802 0.82741 0.81543
18.............. 0.91361 0.89454 0.88559 0.88077 0.87791 0.87131 0.86688 0.86022 0.85138 0.84125
19.............. 0.92285 0.90801 0.90094 0.89708 0.89474 0.88949 0.88592 0.88076 0.87374 0.86562
20.............. 0.93199 0.92070 0.91525 0.91224 0.91036 0.90641 0.90363 0.89962 0.89406 0.88754
21.............. 0.94110 0.93283 0.92878 0.92651 0.92507 0.92222 0.92015 0.91715 0.91291 0.90786
22.............. 0.95013 0.94436 0.9415' 0.93989 0.93883 0.93689 0.93542 0.93328 0.93019 0.92646
23.............. 0.95904 0.9$528 0.95339 0.95230 0.95158 0.95035 0.94937 0.94795 0.94584 0.94325
24.............. 0.96774 0.96550 0.96436 0.96369 0.96324 0.96254 0.96195 0.96109 0.95976 0.95810

l(lS} 1(40) 1(4S) I(SO) I(SS) 1(60) 1(6S) 1(70) 1(7S) 1(80)

I .............. 0.27066 0.24473 0.22102 0.19851 0.17246 0.14202 0.10228 0.06086 0.02557 0.00598
2.............. 0.30779 0.28085 0.25588 0.23187 0.20377 0.17049 0.12633 0.07876 0.03598 0.00992
3.............. 0.34454 0.31694 0.29106 0.26586 0.23605 0.20031 0.15218 0.09878 0.04841 0.01516
4.............. 0.38084 0.35292 0.32642 0.30032 0.26911 0.23129 0.17966 0.12081 0.06287 0.02183
5.............. 0.41665 0.38869 0.36185 0.33510 0.30282 0.26327 0.20862 0.14476 0.07936 0.03004
6.............. 0.45192 0.42419 0.39725 0.37011 0.33704 0.29611 0.23892 0.17050 0.09784 0.03987
7.............. 0.48664 0.45937 0.43256 ·0.40524 0.37165 0.32968 0.27042 0.19793 0.11827 0.05136
8.............. 0.52078 0.49418 0.46771 0.44042 0.40656 0.36387 0.30300 0.22693 0.14062 0.06457
9.............. 0.55434 0.52858 0.50265 0.47558 0.44169 0.39857 0.33654 0.25740 0.16482 0.07952

10.............. 0.58725 0.56239 0.53707 0.51033 0.47670 0.43345 0.37082 0.28913 0.19055 0.09599
II.............. 0.62047 0.59675 0.57217 0.54581 0.51229 0.46882 0.40536 0.32108 0.21671 0.11294
12.............. 0.65289 0.63047 0.60680 0.58104 0.54788 0.50455 0.44076 0.35449 0.24482 0.13184
13.............. 0.68450 0.66350 0.64092 0.61594 0.58340 0.54053 0.47690 0.38927 0.27487 0.15278
14.............. 0.71528 0.69582 0.67447 0.65044 0.61876 0.57666 0.51368 0.42530 0.30681 0.17579
15.............. 0.74523 0.72740 0.70740 0.68449 0.65388 0.61284 O.SS098 0.46247 0.34056 0.20090
16.............. 0.77434 0.75822 0.73970 0.71803 0.68869 0.64899 0,$8867 0.50066 0.37603 0.22811
17.............. 0.80265 0.78830 0.77134 0.75104 0.72314 0.68503 0.62667 0.53974 0.41312 0.25'1)9
18.............. 0.83032 0.81780 0.80249 0.78368 0.75725 0.72089 0.66456 0.57913 0.45137 0.28844
19.............. 0.85641 0.84569 0.83210 0.81494 0.79031 0.75612 0.70268 0.61998 0.49266 0.32387
20......:....... 0.88000 0.87108 0.85936 0.84413 0.82181 0.79050 0.74107 0.66276 0.53801 0.36506
21.............. 0.90190 0.89470 0.88487 0.87168 0.85189 0.82381 0.77901 0.70618 0.58584 0.41070
22.............. 0.92195 0.91637 0.90841 0.89733 0.88025 0.85572 0.81613 0.74994 0.63604 0.46123
23.............. 0.94001 0.93592 0.92975 0.92081 0.90658 0.88586 0.85200 0.79359 0.68841 0.51710
24.............. 0.95596 0.95316 0.94868 0.94184 0.93053 0.91382 0.88612 0.83657 0.742511 0.57880
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TAiLE 23I. MALE PROBABILITY OF SURVIVING FROMBIRTH, I (X). SOUTH MODEL

hlIWIII"crf--rI1I(frr!m bin'" 1(11)

"", 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15) 1(20) 1(25) 1(30)

I.............. 0.66445 0.53955 0.48194 0.45107 0.43401 0.39926 0.38400 0.36199 0.33087 0.30238
2.............. 0.68878 0.57082 0.51641 0.48725 0.47115 0.43683 0.42157 0.39948 0.36805 0.33906
3.............. 0.71075 0.59976 0.54857 0.52113 0.50598 0.47244 0.45733 0.43539 0.40401 0.37487
4.............. 0.73076 0.62670 0.57869 0.55296 0.53876 0.50626 0.49143 0.46984 0.43879 0.40980
5.............. 0.74911 0.65187 0.60702 0.58298 0.56971 0.53846 0.52401 0.50293 0.47247 0.44387
6.............. 0.76604 0.67551 0.63375 0.61137 0.59901 0.56917 0.55520 0.53475 0.50508 0.47709
7.............. 0.78172 0.69776 0.65903 0.63828 0.62681 0.59852 0.58509 0.56540 0.53669 0.50948
8.............. 0.79632 0.71878 0.68301 0.66384 0.65326 0.62661 0.61378 0.59493 0.56732 0.54107
9.............. 0.80996 0.73868 0.70580 0.68818 0.67845 0.65353 0.64135 0.62341 0.59704 0.57186

10.............. 0.82248 0.75682 0.72654 0.71030 0.70134 0.67848 0.66701 0.64993 0.62468 0.60052
11.............. 0.83358 0.77468 0.74751 0.73294 0.72490 0.70400 0.69325 0.67724 0.65340 0.63058
12.............. 0.84441 0.79188 0.76765 0.75466 0.74749 0.72855 0.71853 0.70363 0.68148 0.66009
13.............. 0.85498 0.80845 0.78700 0.77549 0.76914 0.75214 0.74289 0.72914 0.70869 0.68883
14.............. 0.86525 0.82442 0.80558 0.79548 0.78991 0.77482 0.76636 0.75379 0.73507 0.71680
IS.............. 0.87522 0.83978 0.82343 0.81467 0.80983 0.79662 0.78896 0.77758 0.76063 0.74400
16.............. 0.88487 0.85455 0.84056 0.83307 0.82893 0.81758 0.81072 0.80054 0.78537 0.77040
17.............. 0.89419 0.86875 0.85701 0.85073 0.84725 0.83172 0.83167 0.82270 0.80931 0.79603
18.............. 0.90324 0.88267 0.87307 0.86788 0.86498 0.85725 0.85202 0.84426 0.83265 0.82110
19.............. 0.91382 0.89888 0.89165 0.88762 0.88528 0.87921 0.87480 0.86836 0.85911 0.84948
2f).............. 0.92390 0.91265 0.90700 0.90377 0.90183 0.89709 0.89345 0.88814 0.88064 0.87268
21.............. 0.93395 0.92580 0.92155 0.91906 0.91752 0.91396 0.91104 0.90680 0.90090 0.89453
22.............. 0.94395 0.93833 0.93528 0.93345 0.93230 0.92976 0.92749 0.92425 0.91980 0.91490
23.............. 0.95383 0.95020 0.94816 0.94690 0.94609 0.94439 0.94273 0.94038 0.93720 0.93363
24.............. 0.96352 0.96137 0.96012 0.95933 0.95882 0.95777 0.95664 0.95506 0.95296 0.95054

1(35) 1(40) 1(45) 1(50) 1(55) 1(60) 1(65) 1(70) 1(75) 1(10)

I .............. 0.27675 0.25110 0.22380 0.19568 0.16511 0.13177 0.09393 0.05659 0.02518 0.00684
2.............. 0.31266 0.28600 0.25729 0.22732 0.19421 0.15750 0.11508 0.07202 0.03416 0.01038
3.............. 0.34800 0.32065 0.29089 0.25940 0.22411 0.18436 0.13767 0.08906 0.04461 0.01484
4.............. 0.38274 0.35500 0.32448 0.29180 0.25465 0.21219 0.16156 0.10761 0.05650 0.02029
5.............. 0.41686 0.38898 0.35799 0.32440 0.28569 0.24085 0.18662 0.12758 0.06982 0.02675
6.............. 0.45034 0.42254 0.39133 0.35710 0.31713 0.27020 0.21271 0.14887 0.08451 0.03427
7.............. 0.48318 0.45566 0.42446 0.38983 0.34886 0.30014 0.23972 0.17139 0.10054 0.04284
8.............. 0.51537 0.48830 0.45732 0.42251 0.38081 0.33057 0.26756 0.19504 0.11785 0.05248
9.............. 0.54690 0.52046 0.48987 0.45509 0.41288 0.36141 0.29613 0.21973 0.13640 0.06319

10.............. 0.57626 0.55042 0.52025 0.48557 0.44305 0.39060 0.32340 0.24356 0.15458 0.07397
·11.............. 0.60713 0.58195 0.55223 0.51769 0.47483 0.42131 0.35212 0.26878 0.17394 0.08558
12.............. 0.63776 0.61361 0.58470 0.55057 0.50757 0.45322 0.38229 0.29567 0.19509 0.09863
13.............. 0.66774 0.64475 0.61683 0.58333 0.54046 0.48558 0.41329 0.32378 0.21772 0.11301
14.............. 0.69704 0.67531 0.64854 0.61589 0.57340 0.51829 0.44502 0.35304 0.24181 0.12878
15.............. 0.72563 0.70527 0.67979 0.64816 0.60629 0.55125 0.47740 0.38337 0.26732 0.14595
16.............. 0.75349 0.73458 0.71052 0.68008 0.63905 0.58436 0.51029 0.41466 0.29417 0.16452
17.............. 0.78062 0.76323 0.74068 0.71158 0.67160 0.61755 0.54362 0.44681 0.32232 0.18448
18...:.......... 0.80724 0.79144 0.77051 0.74289 0.70415 0.65098 0.57755 0.48000 0.35191 0.20599
19.............. 0.83773 0.82410 0.80547 0.77995 0.74302 0.69119 0.61887 0.52130 0.38997 0.23473
20.............. 0:86275 0.85103 0.83457 0.81136 0.77681 0.72736 0.65753 0.56162 0.42906 0.26614
21.............. 0:88632 0.87651 0.86232 0.84163 0.80988 0.76343 0.69699 0.60393 0.47153 0.30179
22.............. 0.90836 0.90042 0.88856 0.87061 0.84206 0.79926 0.73717 0.64835 0.51785 0.34262
23.............. 0.92867 0.92253 0.91300 0.89795 0.87300 0.83454 0.77786 0.69484 0.56843 0.38965
24.............. 0.94702 0.94256 0.93531 0.92326 0.90228 0.86885 0.81872 0.74330 0.62368 0.44418
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TABLE232. PROBABILITY OF SURVIVING FROMBIRTH,I(X). FORBOTH SEXES COMBINED. SOUTHMODEL

PNbtlIJIII"o[-ww.rt- bil111, I(x)

InII 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15) 1(20) 1(25) 1(30)

I .............. 0.67837 0.54723 0.48680 0.45466 0.43665 0.39953 0.38232 0.35883 0.32871 0.30017
2.............. 0.70181 0.57838 0.52150 0.49124 0.47429 0.43769 0.42051 0.39694 0.36652 0.33744
3.............. 0.72299 0.60721 0.55385 0.52548 0.50957 0.47387 0.45690 0.43352 0.40315 0.37390
4.............. 0.74227 0.63404 0.58416 0.55763 0.54277 0.50824 0.49164 0.46866 0.43864 0.40954
5.............. 0.75995 0.65913 0.61266 0.58795 0.57410 0.S4099 0.52487 0.50248 0.47306 0.44435
6.............. 0.77627 0.68268 0.63955 0.61661 0.60376 0.57222 0.55671 0.53504 0.50643 0.47835
7.............. 0.79138 0.70485 0.66498 0.64377 0.63188 0.60209 0.58725 0.56644 0.53881 0.S1154
8.............. 0.80545 0.72580 0.68910 0.66957 0.65864 0.63068 0.61658 0.59673 0.57023 0.54395
9.............. 0.81859 0.74564 0.71201 0.69413 0.68411 0.65809 0.64479 0.62598 0.60074 0.57559

10.............. 0.83070 0.76411 0.73342 0.71709 0.70794 0.68425 0.67180 0.65393 0.62988 0.60578
II.............. 0.84137 0.78177 0.75430 0.73969 0.73150 0.71001 0.69849 0.68191 0.65939 0.63673
12.............. 0.85178 0.79878 0.77435 0.76135 0.75408 0.73475 0.72417 0.70890 0.68806 0.66695
13.............. 0.86194 0.81515 0.79359 0.78212 0.77570 0.75850 0.74888 0.73494 0.71583 0.69632
14.............. 0.87181 0.83091 0.81206 0.80203 0.79642 0.78132 0.77265 0.76006 0.74270 0.72486
15.............. 0.88138 0.84607 0.82980 0.82114 0.81629 0.80323 0.79553 0.78429 0.76869 0.75257
16.............. 0.89065 0.86064 0.84681 0.83945 0.83533 0.82429 0.81754 0.80764 0.79383 0.77943
17.............. 0.89960 0.87473 0.86322 0.85708 0.85361 0.84452 0.83873 0.83017 0.81813 0.80549
18.............. .0.90829 0.88845 0.87917 0.87416 0.87128 0.86410 0.85926 0.85204 0.84178 0.83092'
19.............. 0.91822 0.90333 0.89618 0.89223 0.88989 0.88422 0.88022 0.87440 0.86624 0.85735
20.............. 0.92784 0.91657 0.91102 0.90790 0.90599 0.90163 0.89841 0.89373 0.88718 0.87992
21.............. 0.93743 0.92922 0.92507 0.92269 0.92120 0.91798 0.91548 0.91184 0.90675 0.90103
22.............. 0.94696 0.94127 0.93831 0.93659 0.93548 0.93323 0.93135 0.92865 0.92486 0.92053
23.............. 0.95637 0.95267 0.95071 0.94953 0.94876 0.94729 0.94596 0.94407 0.94141 0.93832
24.............. 0.96557 0.96338 0.96218 0.96145 0.96097 0.96009 0.95923 0.95800 0.95627 0.95422

1(35) 1(40) 1(45) 1(50) 1(55) 1("') 1(65) 1('10) 1(75) 1(10)

I.............. 0.27377 024799 0.22244 0.19706 0.16869 0.13676 0.09800 0.05867 0.02537 0.00642
2.............. 0.31028 0.28348 0.25660 0.22953 0.19887 0.16383 0.12056 0.07530 ·0.03504 0.01015
3.............. 0.34631 0.31884 0.29097 0.26255 0.22993 0.19214 0.14474 0.09380 0.04646 0.01499
4.............. 0.38181 0.35398 0.32542 0.29595 0.26170 0.22150 0.17038 0.11404 0.05960 0.02104
5.............. 0.41675 0.38883 0.35987 0.32961 0.29404 0.25178 0.19735 0.13596 0.07447 0.02835
6.............. 0.4S111 0.42334 0.39421 0.36344 0.32684 0.28283 0.22549 0.15942 0.09101 0.03700
7.............. 0.48486 0.45746 0.42841 0.39734 0.35997 0.31454 0.25469 0.18433 0.10918 0.04699
8.............. 0.51800 0.49116 0.46238 0.43124 0.39337 0.34681 0.28484 0.21059 0.12895 0.05837
9.............. 0.55052 0.52442 0.49610 0.46508 0.42693 0.37953 0.31584 0.23810 ·0.15026 0.07115

10-............ 0.58162 0.55625 0.52845 0.49764 0.45946 0.41150 0.34653 0.26578 0.17212 0.08471
II.............. 0.61363 0.589.16 0.56195 0.53140 0.49310 0.44448 0.37809 0.29429 0.19480 0.09892
12.............. 0.64514 0.62183 0.59548 0.56543 0.52723 0.47825 0.41081 0.32436 021934 0.11482
13....~......... 0.67591 0.65389 0.62858 0.59923 0.56140 0.51238 0.44431 0.35572 0.24559 0.13240
14.............. 0.70593 0.68531 0.66118 0.63274 0.59552 0.54676 0.47851 0.38828 0.27351 0.15171
15.............. 0.73519 0.71606 0.69325 0.66588 0.62950 0.58129 0.51329 0.42195 0.30304 0.17275
16.............. 0.76366 0.74611 0.72475 0.69859 0.66326 0.61588 0.54852 0.45661 0.33410 0.19553
17.............. 0.79136 0.77545 0.75563 0.73082 0.69674 0.65046 0.58413 0.49214 0.36661 0.22004
18.............. 0.81849 0.80429 0.78610 0.76278 0.73005 0.68508 0.61999 0.52835 0.40042 0.24620
19.............. 0.84684 0.83463 0.81845 0.79701 0.76608 0.72286 0.65975 0.56943 0.44006 0.27821
20.............. 0.87116 0.86081 0.84666 0.82734 0.79876 0.75815 0.69828 0.61095 0.48220 0.31439
21.............. 0.89391 0.88538 0.87331 0.85628 0.83037 0.79288 0.73699 0.65380 0.52729 0.35491
22.............. 0.91498 0.90820 0.89824 0.88364 0.86068 0.82680 0.77568 0.69790 0.57550 0.40047
23.............. 0.93420 0.92906 0.92117 0.90910 0.88938 0.85957 0.81402 0.74301 0.62695 0.45182
24.............. 0.95138 0.94773 0.94183 0.93232 ' 0.91606 0.89078 0.85159 0.78879 0.68167 0.S0984

Not': Valuesof l(x) basedon a sex ratioat birth of 105 malesper 100females.
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TABLE233. •FEMALEPROBABILITY OF SUaVIVING faOM BIRTH. I (X ). EAST MODEL

1Jf'!l.....,fi-binlt,1(11)

'-I 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) I(IS) 1(20) 1(25) 1(30)

I.............. 0.57215 0.49832 0.46694 0.44635 0.43206 0.40070 0.38442 0.36355 0.33791 0.30981
2.............. 0.60670 0.53531 0.50496 0.48504 0.47123 0.44000 0.42364 0.40256 0.37652 0.34781
3.............. 0.63820 0.56971 0.54059 0.52149 0.50823 0.47748 0.46123 0.44019 0.41405 0.38508
4.............. 0.66712 0.60186 0.57412 0.55592 0.54329 0.51329 0.49731 0.47650 0.45053 0.42162
5.............. 0.69382 0.63204 0.60578 0.58854 0.57659 0.54757 0.53197 0.51157 0.48600 0.45741
6.............. 0.71859 0.66045 0.63574 0.61953 0.60828 0.58042 0.56532 0.54548 0.52050 0.49245
7.............. 0.74167 0.68730 0.66418 0.64902 0.63849 0.61194 0.59744 0.57827 0.5S405 0.52675
8.............. 0.76326 0.71272 0.69124 0.67714 0.66736 0.64224 0.62841 0.61002 0.58669 0.56031
9.............. 0.78352 0.73685 0.71702 0.70400 0.69497 0.67139 0.65828 0.64077 0.61846 0.59316

10.............. 0.80258 0.75981 0.74163 0.72970 0.72142 0.69946 0.68713 0.67057 0.64938 0.62529
11.............. 0.82040 0.78213 0.76586 0.75518 0.74777 0.72768 0.71612 0.70036 0.68011 0.65710
12.............. 0.83700 0.80317 0.78879 0.77935 0.77280 0.75464 0.74401 0.72942 0.71056 0.68904
13.............. 0.85297 0.82332 0.81071 0.80244 0.79670 0.78044 0.77077 0.75738 0.73998 0.72006
14.............. 0.86831 0.84259 0.83166 0.82449 0.81952 0.80513 0.79643 0.78427 0.76838 0.75013
15.............. 0.88302 {l.86103 0.85168 ·0.84555 0.84129 0.82874 0.82101 0.81010 0.79576 0.77925
16.............. 0.89710 0.87865 0.87080 0.86565 0.86208 0.85133 0.84457 0.83491 0.82214 0.80741
17.............. 0.91058 0.89569 0.88926 0.88498 0.88194 0.87295 0.86716 0.85876 0.84758 0.83465
18............... 0.92343 0.91191 0.90684 ·0.90341 0.90092 0.89365 0.88881 0.88166 0.87207 0.86097
19.............. 0.93567 0.92730 0.92354 0.92096 0.91905 0.91347 0.90957 0.90367 0.89566 0.88639
20.............. 0.94732 0.94189 0.93942 0.93769 0.93638 0.93246 0.92949 0.92481 0.91838 0.91095
21.............. 0.95907 0.95550 0.95384 0.95266 0.95176 0.94899 0.94684 0.94349 0.93881 0.93325
22.............. 0.96937 0.96716 0.96611 0.96536 0.96478 0.96296 0.96148 0.95910 0.95574 0.95173
23.............. 0.97856 0.97734 0.97675 0.97633 0.97599 0.97492 0.97398 0.97243 0.97021 0.96754
24.............. 0.98640 0.98582 0.98554 0.98534 0.98517 0.98462 0.98410 0.98322 0.98192 0.98034

1(35) 1(40) 1(45) 1(50) 1(55) 1(60) 1(65) 1(10) 1(75) 1(10)

1.............. 0.28138 0.25342 0.22729 0.20212 0.17347 0.13850 OJY9777 0.05676 0.02473 0.00673
2.............. 0.31852 0.28943 0.26192 0.23504 0.20408 0.16579 0.12030 0.07300 0.03408 0.01043
3.............. 0.35532 0.32547 0.29692 0.26865 0.23570 0.19448 0.14461 0.09121 0.04517 0.01523
4.............. 0.39170 0.36143 0.33216 0.30279 0.26819 0.22442 0.17056 0.11133 0.05805 0.02123
5.............. 0.42762 0.39724 0.36753 0.33734 0.30140 0.25546 0.19804 0.13328 0.07271 0.02850
6.............. 0.46306 0.43282 0.40295 0.37220 0.33520 0.28748 0.22692 0.15699 0.08915 0.03712
7.............. 0.49797 0.46813 0.43834 0.40727 0.36950 0.32034 0.25707 0.18236 0.10736 0.04715
8.............. 0.53236 0.50313 0.47364 0.44247 0.40420 0.35395 0.28839 0.20931 0.12731 0.05862
9.............. 0.56619 0.53778 0.50880 0.47773 0.43921 0.38821 0.32078 0.23775 0.14896 0.07156

10.............. 0.59947 0.57205 0.54376 0.51299 0.47446 0.42302 0.35414 0.26761 0.17228 0.08600
1I.............. 0.63241 0.60600 0.57845 0.S4800 0.S0948 0.45773 0.38758 0.29776 0.19608 0.10105
12.............. 0.66575 0.64051 0.61373 0.58360 0.54506 0.49290 0.42138 0.32823 0.22020 0.1l637
13.............. 0.69830 0.67441 0.64863 0.61906 0.58081 0.52864 0.45626 0.36032 0.24625 0.13343
14.............. 0.73002 0.70764 0.68306 0.65429 0.61661 0.56484 0.49213 0.39398 0.27426 0.15237
15.............. 0.76089 0.74016 0.71695 0.68920 0.65239 0.60140 0.52890 0.42915 0.30427 0.17326
16.............. 0.79087 0.77192 0.75025 0.72371 0.68804 0.63823 0.56646 0.46576 0.33624 0.19620
17.............. 0.82000 0.80292 0.78293 0.75780 0.72352 0.67523 0.60471 0.50373 0.37016 0.22124
18.............. 0.84825 0.83311 0.81493 0.79136 0.75869 0.71226 0.64348 0.54287 0.40590 0.24835
19.............. 0.87562 0.86250 0.84621 0.82434 0.79348 0.74921 0.68263 0.58304 0.44335 0.27752
20.............. 0.90215 0.89108 0.87676 0.85670 0.82783 0.78599 0.72203 0.62407 0.48234 0.30866
21.............. 0.92641 0.91739 0.9OSl6 0.88729 0.86098 0.82239 0.76232 0.66789 0.52630 0.34591
22.............. 0.94667 0.93974 0.92990 0.91475 0.89187 0.85781 0.80364 0.71563 0.57750 0.39260
23.............. 0.96408 0.95913 0.95166 0.93943 0.92036 0.89153 0.84447 0.76500 0.63347 0.44698
24.............. 0.97822 0.97501 0.96981 0.96061 0.94567 0.92264 0.88389 0.81533 0.69434 0.51067
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TABLE234. MALE~OBAB1LITY OFSURV1VINO FROMBIRTH. I (X). EAST MODEL

""",,,l{artI.,,_dlr/1f, I(lf}

16M 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15) 1(20) 1(25) 1(30)

1.............. 0.49494 0.42963 0.40248 0.38524 0.37264 0.34679 0.33560 0.31937 0.29680 0.27530
2...:.......... 0.53551 0.47104 0.44424 0.42721 0.41478 0.38841 0.37694 0.36011 0.33662 0.31412
3.............. 0.57249 0.50961 0.48346 0.46686 0.45473 0.42835 0.41664 0.39946 0.37537 0.35221
4.............. 0.60644 0.54570 0.52044 0.50441 0.49269 0.46655 0.45481 0.43747 0.41309 0.38953
5.............. 0.63778 0.57960 0.55541 0.54005 0.52883 0.50321 0.49154 0.47421 0.44978 0.42608
6.............. 0.66686 0.61156 0.58857 0.57397 0.56330 0.53841 0.52692 0.50975 0.48547 0.46185
7.............. 0.69396 0.64178 0.62008 0.60630 0.59624 0.57225 0.56103 0.54414 0.52020 0.49684
8.............. 0.71931 0.67042 0.65009 0.63718 0.62775 0.60483 0.59395 0.57744 0.55400 0.53106
9.............. 0.74309 0.69762 0.67872 0.66671 0.65794 0.63621 0.62573 0.60970 0.58690 0.56452

10.............. 0.76547 0.72352 0.70608 0.69500 0.68691 0.66647 0.65643 0.64096 0.61892 0.59724
11.....,........ 0.78641 0.74870 0.73302 0.72307 0.71579 0.69695 0.68733 0.67233 0.65100 0.62999
12.............. 0.80562 0.77196 0.75797 0.74909 0.74259 0.72523 0.71610 0.70170 0.68120 0.66096
13.............. 0.82416 0.79439 0.78201 0.77415 0.76841 0.75256 0.74398 0.73027 0.71073 0.69139
14.............. 0.84204 0.81599 0.80516 0.79828 0.79326 0.77896 0.77097 0.75802 0.73955 0.72123
15.............. 0.85923 0.83676 0.82742 0.82148 0.81715 0.80443 0.79705 0.78494 0.76763 0.75044
16.............. 0.87574 0.85671 0.84879 0.84377 0.84009 0.82896 0.82224 0.81101 0.79495 0.77898
17.............. 0.89158 0.87586 0.86933 0.86518 0.86214 0.85259 0.84655 0.83625 0.82151 0.80684
18.,............ 0.90672 0.89442 0.88918 0.88580 0.88329 0.87533 0.86997 0.86064 0.84728 0.83396
19.............. 0.92117 0.91227 0.90827 0.90559 0.90357 0.89718 0.89252 0.88417 0.87223 0.86032
20.............. 0.93494 0.92913 0.92637 0.92447 0.92300 0.91818 0.91422 0.90688 0.89638 0.88591
21.............. 0.94857 0.94466 0.94271 0.94132 0.94023 0.93649 0.93325 0.92710 0.91834 0.90947
22.............. 0.96108 0.95865 0.95738 0.95645 0.95571 0.953011 0.95056 0.94562 0.93857 0.93142
23.............. 0.97240 0.97104 0.97029 0.96973 0.96928 0.96759 0.96576 0.96200 0.95665 0.95122
24........;..... 0.98218 0.98153 0.9811S 0.98087 0.98064 0.97967 0.97847 0.97584 0.97210 0.96830

1(35) 1(40) 1(45) I(SO) 1(55) 1(60) /(65) /(70) /(7S) 1(80)

I......M ...... 0.25292 0.22780 0.20031 0.17150 0.14198 0.11139 0.07983 0.04863 0.02322 0.00739
2;............. 0.29058 0.26395 0.23450 0.20317 0.17043 0.13581 0.09935 0.06244 0.03123 0.01073
3.............. 0.32784 0.30011 0.26912 0.23565 0.20003 0.16165 0.12046 0.07782 0.04054 0.01487
4.............. 0.36464 0.33615 0.30400 0.26878 0.23062 0.18876 0.14301 0.09470 0.05113 0.01984
5.............. 0.40094 0.37200 0.33904 0.30243 0.26204 0.2/698 0.16689 0.11300 0.06299 0.02567
6.............. 0.43669 0.40758 0.37413 0.33646 0.29418 0.24619 0.19200 0.13265 0.07610 0.03240
7.............. 0.47187 0.44286 0.40920 0.37078 0.32690 0.27627 0.21821 0.15357 0.09043 0:04004
8.............. 0.50647 0.47777 0.44418 0.40530 0.36010 0.30711 0.24544 0.17569 0.10595 0.04859
9.............. 0.S4048 0.51229 0.47901 0.43994 0.39371 0.33862 0.27358 0.19892 0.12261 0.05805

10.............. 0.57388 0.S4640 0.51365 0.47463 0.42763 0.37070 0.30256 0.22321 0.14038 0.06843
11.............. 0.60734 0.58064 0.54853 0.50968 0.46199 0.40333 0.33212 0.24808 0.15865 0.07923
12.............. 0.63910 0.61322 0.58176 0.54304 0.49463 0.43423 0.36008 0.27165 0.17608 0.08962
13.............. 0.67046 0.64559 0.61500 0.57670 0.52786 0.46600 0.38918 0.29656 0.19487 0.10110
14.............. 0.70138 0.67768 0.64819 0.61057 0.56161 0.49859 0.41939 0.32283 0.21507 0.11375
15.............. 0.73178 0.70942 0.68124 0.64457 0.59577 0.53192 0.45066 0.35044 0.23671 0.12764
16.............. 0.76163 0.74074 0.71406 0.67859 0.63026 0.56589 0.48292 0.37935 0.25980 0.14282
17............:. 0.79088 0.77160 0.74659 0.71255 0.66498 0.60043 0.51608 D.40952 0.28434 0.15933
18.............. o.sl948 0.80190 0.77872 0.74633 0.69978 0.63536 0.55001 0.44083 0.31027 0.17718
19.............. 0.84737 0.83159 0.81036 0.77981 0.73454 0.67057 0.58456 0.47315 0.33750 0.19633
20.............. 0.87454 0.86062 0.84146 0.81291 0.76915 0.70590 0.61960 0.50635 0.36594 0.21676
21.............. 0.89979 0.88779 0.87085 0.84474 0.80320 0.74164 0.65623 0.54253 0.39851 0.24149
22.............. 0.92361 '0.91386 0.89971 0.87690 0.83889 0.78065 0.69797 0.58571 0.43932 0.27418
23.............. 0.94527 0.93779 0.92655 0.90747 0.87378 0.82008 0.74175 0.63290 0.48604 0.31365
24.............. 0.96414 0.9588S 0.95056 . 0.93553 0.iJ0704 0.85930 0.78736 0.68455 0.S4004 0.36216
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TABLI!235. PROBABILITY OF SURVIVING FROMBIRTH. I (X). FOR80TH SEXES COMBINED. EAST MODEL

hflIItIbIII'lll/"""""'"bin'" I(lt}

lIrII 1(1) 1(2) /(3) 1(4) /(5) 1(10) /(lS) 1(20) 1(25) /(30)

I .............. 0.53260 0.46313 0.43392 0.41504 0.40162 0.37308 0.35941 0.34092 0.31685 0.29213
2.......;...... 0.57023 0.50239 0.47385 0.45541 0.44231 0.41361> 0.39972 0.38081 0.35608 0.33055
3.............. 0.60454 0.53892 0.Sll32 0.49350 0.48082 0.45231 0.43839 0.41932 0.39423 0.36824
4.............. 0.63603 0.57309 0.54662 0.52953 0.51737 0.48934 0.47554 0.45650 0.4313S 0.40518
5.............. 0.66511 0.60518 0.57998 0.56370 0.55212 0.52484 0.51126 0.49243 0.46744 0.44136
6.............. 0.69209 0.63540 0.61157 0.59619 0.58524 0.55890 0.54565 0.52717 0.S0255 0.47677
7.............. 0.71723 0.66398 0.64159 0.62713 0.61684 0.59161 0.57879 0.56078 0.53671 0.Sll43
8.............. 0.74074 0.69105 0.67016 0.65667 0.64707 0.62307 0.61075 0.59333 0.56994 0.54532
9.............. 0.76281 0.71675 0.69740 0.68490 0.67600 0.65337 0.64160 0.62485 0.60229 0.57849

10.............. 0.78357 0.74122 0.72342 0.71192 0.70374 0.68256 0.67140 0.65540 0.63377 0.61092
II.............. 0.80299 0.76500 0.74903 0.73873 0.73138 0.71194 0.70137 0.68600 0.66519 0.64321
12.............. 0.82092 0.78718 0.77300 0.76385 0.75732 0.73957 0.72971 0.71522 0.69552 0.67465
13.............. 0.83821 0.80850 0.79600 0.78794 0.78220 0.76615 0.75704 0.74349 0.72499 0.70537
14.............. 0.85485 0.82896 0,81808 0.81106 0.80606 0.79172 0.78338 0.77082 0.75361 0.73532
15.............. 0.87083 0.84859 0.83925 0.83322 0.82892 0.81628 0.80873 0.79721 0.78135 0.76449
16.............. 0.88615 0.86741 0.85952 0.85444 0.85081 0.83987 0.83313 0.82266 0.80821 0.79284
17.............. 0.90084 0.88553 0.87905 0.87483 0.87179 0.86252 0.85660 0.84723 0.83422 0.82040
18.............. 0.91487 0.90295 0.89779 0.89439 0.89188 0.88426 0.87915 0.87089 0.85937 0.84713
19.............. 0.92824 0.91960 0.91571 0.91308 0.91112 0.90512 0.90083 0.89368 0.88365 0.87303
20.............. 0.94097 0.93535 0.93273 0.93091 0.92952 0.92514 0.92166 0.91562 0.90711 0.89812
21.............. 0.95369 0.94994 0.94813 0.94685 0.94585 0.94258 0.93987 0.93509 0.92832 0.92106
22.............. 0.96512 0.96280 0.96163 0.96079 0.96013 0.95789 0.95588 0.95219 0.94694 0.94132
23.............. 0.97540 0.97411 0.97344 0.97294 0.97255 0.97116 0.96976 0.96708 0.96326 0.95918
24.............. 0.98423 0.98362 0.98329 0.98305 0.98284 0.98208 0.98121 0.97943 0.97689 0.97417

1(35) 1(40) 1(45) /(SO) /(55) I('l) 1(65) 1(70) 1(75) /(10)

I ........." ... 0.26680 0.24029 0.21347 0.18643 0.15734 0.12461 0.08858 0.05259 0.02395 0.00706
2.............. 0.30420 0.27637 0.24787 0.21871 0.18684 0.15043 0.10956 0.06759 0.03262 0.01058
3.............. 0.34124 0.31248 0.28268 0.25174 0.21742 0.17766 0.13224 0.08435 0.04279 0.01504
4...:.......... 0.37783 0.34848 0.31773 0.28537 0.24894 0.20615 0.15644 0.10281 0.05450 0.02051
5.............. 0.41395 0.38431 0.35293 0.31945 0.28123 0.23575 0.18208 0.12289 0.06773 0.02705
6.............. 0.44955 0.41989 0.38818 0.35389 0.31418 0.26633 0.20903 0.14452 0.08246 0.03470
7.............. 0.48460 0.45518 0.42341 0.38857 0.34768 0.29776 0.23716 0.16761 0.09868 0.04350
8.............. 0.51909 0.49014 0.45855 0.42343 0.38161 0.32995 0.26639 0.19208 0.11636 0.05348
9.............. 0.55302 0.52472 0.49354 0.45837 0.41590 0.36281 0.29660 0.21786 0.13546 0.06464

10.............. 0.58636 0.55891 0.52833 0.49334 0.45047 0.39622 0.32772 0.24486 0.15594 0.07700
II.............. 0.61956 0.59301 0.56312 0.52837 0.48515 0.42986 0.35917 0.27231 0.17690 0.08987
12.............. 0.65209 0.62653 0.59735 0.56282 0.51922 0.46284 0.38998 0.29924 0.19760 0.10266
13.............. 0.68404 0.65964 0.63140 0.59736 0.55368 0.49655 0.42190 0.32766 0.21993 0.11687
14.............. 0.71535 0.69229 0.66519 0.63189 0.58843 0.53090 0.45487 0.35753 0.24394 0.13258
15.............. 0.74597 0.72441 0.69865 0.66634 0.62338 0.56581 0.48882 0.38883 0.26966 0.14989
16.............. 0.77589 0.75594 0.73171 0.70059 0.65844 0.60117 0.52367 0.42150 0.29708 0.16885
17.............. 0.80508 0.78687 0.76431 0.73462 0.69353 0.63691 0.55931 0.45547 0.32620 0.18952
18.............. 0.83351 0.81712 0.79638 0.76829 0.72851 0.67287 0.59560 0.49060 0.35691 0.21189
19.............. 0.861lS 0.84666 0.82784 0.80153 0.76329 0.70893 0.63239 0.52675 0.38913 0.23593
20.............. 0.88800 0.87547 0.85867 0.83427 0.79777 0.74496 0.66956 0.56377 0.42272 0.26158
21.............. 0.91277 0.90222 0.88758 0.86549 0.83138 0.78103 0.70798 0.60368 0.46084 0.29242
22.............. 0.93485 0.92648 0.91443 0.89536 0.86473 0.81828 0.74951 0.64908 0.50672 0.33194
23.............. 0.95444 0.94819 0.93879 0.92305 0.89650 0.85493 0.79185 0.69733 0.55795 0.37868
24.............. 0.97100 0.96673 0.95995 0.94776 0.92588 0.89019 0.83444 0.74834 0.61530 0.43460

Note:Valuesof /(x) basedon a sex ratioal birth of 105 malesper 100females.
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TABLE236. FEMALE PROBABILITY OFSURVIVING FROM BIRTH.I(X). WEST MODEL

1'r!WiIityt(--'''''''''' IIIrt1f, I(x)

UwI '/(1) 1(2~ 1(3) 1(4) 1(5) /(10) /(15) 1(20) 1(25) 1(30)

I.............. 0.63483 0.55000 0.51199 0.48742 0.46883 0.43456 0.40972 0.37943 0.34460 0.30927
2.............. 0.66638 0.58557 0.54936 0.52595 0.50824 0.47445 0.44978 0.41949 0.38435 0.34838
3.............. 0.69481 0.61829 0.58399 0.56183 0.54506 0.51206 0.48783 0.45786 0.42283 0.38666
4.............. 0.72064 0.64856 0.61625 0.59538 0.57958 0.54763 0.52404 0.49465 0.46007 0.42407
5.............. 0.74427 0.67671 0.64643 0.62686 0.61205 0.58135 0.55856 0.52998 0.49612 0.46062
6.............. 0.76602 0.70300 0.67476 0.65651 0.64270 0.61339 0.59153 0.56394 0.53103 0.49631
7.............. 0.78614 0.72765 0.70145 0.68451 0.67169 0.64389 0.62307 0.59661 0.56486 0.53114
8.............. 0.80482 0.75084 0.72665 0.71101 0.69918 0.67298 0.65329 0.62808 0.59765 0.56513
9.............. 0.82226 0.77271 0.75051 0.73616 0.72530 0.70078 0.68227 0.65842 0.62944 0.59829

10.............. 0.83857 0.79340 0.77315 0.76007 0.75017 0.72737 0.71011 0.68769 0.66028 0.63066
11.............. 0.85388 0.81300 0.79468 0.78285 0.77389 0.75285 0.73687 0.71596 0.69022 0.66224
12.............. 0.86829 0.83163 0.81519 0.80457 0.79654 0.77729 0.76263 0.74327 0.71928 0.69306
13.............. 0.88169 0.84939 0.83492 0.82556 0.81848 0.80100 0.78771 0.76990 0.74769 0.72326
14.............. 0.89452 0.86720 0.85496 0.84705 0.84106 0.82559 0.81387 0.79749 0.77666 0.75363
IS.............. 0.90661 0.88364 0.87324 0.86646 0.86127 0.84773 0.83740 0.82284 0.80416 0.78333
16.............. 0.91823 0.89936 0.89066 0.88490 0.88041 0.86874 0.85980 0.84703 0.83052 0.81\94
17.............. 0.92934 0.91419 0.90709 0.90232 0.89854 0.88868 0.88110 0.87010 0.85575 0.83944
18.............. 0.93996 0.92820 0.92260 0.91878 0.91571 0.90762 0.90136 0.89211 0.87988 0.86585
19.............. 0.95006 0.94143 0.93724 0.93436 0.93201 0.92561 0.92065 0.9131\ 0.90298 0.89121
20.............. 0.95966 0.95392 0.95109 0.94912 0.94749 0.94275 0.93906 0.93317 0.92510 0.91557
21.............. 0.96907 0.96559 0.96385 0.96263 0.96160 0.95835 0.95574 0.95158 0.94564 0.93~7

22.............. 0.97738 0.97530 0.97425 0.97350 0.97286 0.97072 0.96898 0.96614 0.96216 0.95724
23.............. 0.98484 0.98377 0.98321 0.98282 0.98248 0.98123 0.98019 0.97846 0.97598 0.97285
24.............. 0.99106 0.99061 0.99037 0.99020 0.99006 0.98945 0.98893 0.98803 0.98671 0.98499

1(35) 1(40) 1(45) I(SO) 1(55) 1(60) 1(65) 1(70) 1(75) 1(10)

1.............. 0.27356 0.23916 0.20729 0.17814 0.14631 0.11387 0.07819 0.04721 0.02226 0.00737
2.............. 0.31\64 0.27581 0.24212 0.21076 0.17598 0.13981 0.09910 0.06235 0.03128 0.01136
3.............. 0.34937 0.31259 0.27754 0.24436 0.20705 0.16751 0.12208 0.07959 0.04211 0.01652
4.............. 0.38666 0.34936 0.31336 0.27875 0.23931 0.19677 0.14697 0.09887 0.05475 0.02293
5.............. 0.42345 0.38601 0.34944 0.31375 0.27257 0.22742 0.17363 0.12010 0.06923 0.03067
6.............. 0.45968 0.42245 0.38565 0.34922 0.30668 0.25929 0.20192 0.14319 0.08553 0.03979
7.............. 0.49533 0.45862 0.42191 0.38504 0.34149 0.29224 0.23111 0.16806 0.10363 0.05035
8.............. 0.53039 0.49446 0.45813 0.42111 0.37689 0.32614 0.26287 0.19460 0.12348 0.06235
9.............. 0.56483 0.52993 0.49424 0.45733 0.41277 0.36087 0.29527 0.22272 0.14505 0.07584

10.............. 0.59865 0.56500 0.53019 0.49364 0.44903 0.39632 0.32882 0.25233 0.16828 0.09079
11.............. 0.63186 0.59963 0.56592 0.52996 0.48558 0.43239 0.36339 0.28333 0.1931\ 0.10722
12.............. 0.66444 ·0.63382 0.60140 0.56623 0.52235 0.46899 0.39890 0.31563 0.21949 0.12511
13.............. 0.69647 0.66756 0.63656 0.60234 0.55916 0.50587 0.43503 0.34890 0.2471\ 0.14424
14.............. 0.72840 0.70104 0.67138 0.63799 0.59545 0.54215 0.47053 0.38145 0.27404 0.\6298
15.............. 0.76029 0.73493 0.70686 0.67452 0.63276 0.57964 0.50742 0.41567 0.30277 0.18323
16.........,.... 0.79119 0.76798 0.74175 0.71074 0.67015 0.61765 0.54539 0.45151 0.33352 0.20545
17.............. 0.82106 0.80014 0.77595 0.74655 0.70747 0.65603 0.58432 0.48888 0.36626 0.22970
18.............. 0.84988 0.83137 0.80939 0.78183 0.74460 0.69465 0.62405 0.52768 0.40095 0.25602
19.............. 0.87767 0.86164 0.84203 0.81653 0.78144 0.73337 0.66444 0.56775 0.43751 0.28442
20.............. 0.90448 0.89098 0.87384 0.85057 0.81788 0.77205 0.70531 0.60893 0.47S80 0.31485
21.............. 0.92997 0.91919 0.90468 0.88392 0.85396 0.81090 0.74697 0.65181 0.51668 0.34825
22.............. 0.951\3 0.94298 0.93143 0.91391 0.88787 0.84926 0.79063 0.69978 0.$6597 0.39182
23.............. 0.96882 0.96319 0.95466 0.94074 0.91928 0.88619 0.83458 0.75048 0.62087 0.44318
24.............. 0.98270 0.97927 0.97362 0.96347 0.94708 0.92052 0.87767 0.80330 0.68201 0.50461
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TABL1!237. MALE PROBABILITY OF SURVIVINO FROM Bla11l.1(X). WEST MODEL

!ItrHMtz(...."",.,6IIIII.l(x)

LMI 1(1) 1(2) 1(3) 1(4) I(S) 1(10) I(IS) 1(20) I(2S) 1(30)

I .............. 0.58093 0.50308 0.46898 0.44665 0.43005 0.40102 0.38160 0.35676 0.32385 0.29032
2.............. 0.61657 0.54152 0.50865 0.48712 0.47112 0.44211 0.42258 0.39740 0.36384 0.32940
3.............. 0.64868 0.57690 0.54546 0.52488 0.50957 0.48093 0.46151 0.43631 0.40254 0.36765
4.............. 0.67785 0.60967 0.57980 0.56024 0.54571 0.51769 0.49858 0.47360 0.43997 0.40504
5.............. 0.70454 0.64015 0.61195 0.59348 0.57976 0.55258 0.53393 0.50938 0.47619 0.44154
6.............. 0.72911 0.66865 0.64217 0.62482 0.61194 0.58575 0.56770 0.54375 0.51125 0.47718
7.............. 0.75183 0.69537 0.67064 0.65445 0.64242 0.61737 0.60000 0.57680 0.54520 0.S119S
8.............. 0.77294 0.72052 0.69756 0.68253 0.67135 0.64754 0.63095 0.60862 0.57808 0.54587
9.............. 0.79263 0.74425 0.72307 0.70919 0.69888 0.67639 0.66064 0.63926 0.60995 0.57895

10.............. 0.81105 0.76671 0.74728 0.73457 0.72S11 0.70401 0.68916 0.66882 0.64085 0.61122
II.............. 0.82835 0.78800 0.77032 0.75875 0.75015 0.73048 0.71657 0.69734 0.67083 0.64269
12.............. 0.84463 0.80822 0.79228 0.78184 0.77408 0.75588 0.74296 0.72489 0.69991 0.67340
13.............. 0.86058 0.82912 0.81534 0.80632 0.79961 0.78315 0.77147 0.75456 0.73107 0.70613
14.............. 0.87547 0.84833 0.83644 0.82866 0.82287 0.80800 0.79734 0.78167 0.75985 0.73670
15.............. 0.88864 0.86523 0.85498 0.84826 0.84327 0.82988 0.82018 0.80571 0.78554 0.76421
16.............. 0.90143 0.88164 0.87292 0.86720 0.86293 0.85103 0.84234 0.82912 0.81070 0.79128
17.............. 0.91379 0.89790 0.89056 0.88561 0.88184 0.87145 0.86377 0.85187 0.83526 0.81782
18.............. 0.92570 0.91334 0.90736 0.90321 0.90001 0.89112 0.88<447 0.87391 0:85917 0.84379
19.............. 0.93713 0.92796 0.92332 0.92002 0.91744 0.91004 0.90444 0.89524 0.88240 0.86912
20.............. 0.94807 0.94179 0.93847 0.93606 0.93415 0.92823 0.92366 0.91584 0.90493 0.89376
21.............. 0.95909 0.95508 0.95285 0.95121 0.94989 0.94536 0.94174 0.93531 0.92636 0.91:730
22.............. 0.96925 0.96675 0.96531 0.96422 0.96334 0.96004 0.95734 0.95234 0.94540 0.93847
23.............. 0.97856 0.97719 0.97636 0.97573 0.97521 0.97303 0.97119 0.96758 0.96261 0.95773
24.............. 0.98668 0.98605 0.98566 0.98535 0.98510 0.98385 0.98273 0.98041 0.97723 0.97419

1(3S) 1(40) 1(4S) I(SO) I(SS) 1("') 1(65) 1(70) 1(15) 1(10)

I .............. 0.25560 0.22002 0.18354 0.14906 0.11464 0.08363 0.05422 0.03036 0.01343 0.00392
2.............. 0.29339 0.25603 0.21712 0.17957 0.14123 0.10564 0.07088 0.04149 0.01953 0.00631
3.............. 0.33087 0.29227 0.25149 0.21137 0.16955 0.12967 0.08963 0.05452 0.02706 0.00949
4.............. 0.36793 0.32858 0.28645 0.24424 0.19939 0.15552 0.11037 0.06943 0.03607 0.01358
5.............. 0.40449 0.36482 0.32183 0.27799 0.23056 0.18304 0.13299 0.08619 0.04660 0.01863
6.............. 0.44052 0.40092 0.35749 0.31246 0.26289 0.21207 0.15738 0.10475 0.05868 0.02471
7.............. 0.47598 0.43678 0.39332 0.34751 0.29623 0.24248 0.18343 0.12506 0.07232 0.03189
8.............. 0.51084 0.47236 0.42922 0.38301 0.33044 0.27411 0.21102 0.14705 0.08750 0.04020
9.............. 0.54509 0.50760 0.46512 0.41887 0.36540 0.30686 0.24006 0.17066 0.10421 0.04967

10.............. 0.57872 0.54247 0.50095 0.45499 0.40100 0.34061 0.27043 0.19580 0.12243 0.06032
11.............. 0.61173 0.57693 0.53665 0.49129 0.43713 0.37524 0.30203 0.22241 0.14213 0.07217
12.............. 0.64412 0.61096 0.57217 0.52769 0.47371 0.41066 0.33477 0.2S040 0.16326 0.08522

. 13.............. 0.67851 0.64700 0.60979 0.56636 0.51289 0.44893 0.37047 0.28128 0.18685 0.10007
14.............. 0.71/04 0.68144 0.64599 0.60365 0.55049 0.48547 0.40446 0.31063 0.20934 0.11431
15.............. 0.74051 0.71292 0.67936 0.63833 0.58585 0.52025 0.43729 0.33944 0.23186 0.12890
16.............. 0.76966 0.74425 0.71283 0.67345 0.62205 0.55629 0.47/79 0.37023 0.25638 0.14518
17.............. 0.79839 0.77532 0.74627 0.70886 0.65894 0.59346 0.50788 0.40295 0.28295 0.16323
18.............. 0.82663 0.80602 0.77956 0.74440 0.69636 0.63159 0.54542 0.43755 0.3l1S8 0.18314
19.............. 0.85429 0.83626 0.81255 0.77991 0.73412 0.67051 0.58427 0.47392 0.34223 0.20495
20.............. 0.88/31 0.86593 0.84513 0.81525 0.77205 0.71002 0.62422 0.51188 0.37481 0.22866
21.............. 0.907/4 0.89437 0.87637 0.84935 0.80890 0.74900 0.66439 0.55098 0.40931 0.25456
22.............. 0.93070 0.92076 0.90621 0.88314 0.84717 0.79148 0.71057 0.59846 0.45378 0.29018
23.............. 0.95227 0.94512 0.93416 0.91556 0.88S03 0.83508 0.75995 0.65154 0.S0591 0.33422
24............... 0.97079 0.96622 0.95876 0.94496 0.92076 0.87826 0.811SO 0.71014 0.56701 0.38934
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TABLE238. PROBABILITY OF SURVIVINO FROMBIRTH./(X), FORBOTH SEXES COMBINED. WESTMODEL

1'rrIIJftIJi1l,,(..w..,t-1IIttJI, I(Jt}

£nil 1(1) 1(2) 1(3) 1(4) 1(') 1(10) 1(15) 1(20) 1(2') 1(30)

1.............. 0.60722 0.52596 0.48996 oA6653 0.44896 0.41738 0.39531 0.36781 0.33397 0.29956
2.............. 0.64086 0.56300 0.52850 0.50606 0.48922 0.45788 0.43584 0.40817 0.37384 0.33865
3.............. 0.67118 0.59709 0.56425 0.54290 0.52688 0.49611 0.47434 0.44682 0.41243 0.37692
4.............. 0.69872 0.62864 0.59758 0.57738 0.56223 0.53229 0.51099 0.48386 0.44977 0.41432
5.............. 0.72392 0.65798 0.62876 0.60976 0.59551 0.56661 0.54594 0.51942 0.48591 0.45084
6.............. 0.74711 0.68540 0.65806 0.64027 0.62694 0.59923 0.57932 0.55359 0.52089 0.48651
7.............. 0.76856 0.71111 0.68566 0.66911 0.65669 0.63030 0.61125 0.58646 0.55479 0.52131
8.............. 0.78849 0.73530 0.71175 0.69642 0.68492 0.65994 0.64184 0.61811 0.58762 0.55526
9.............. 0.80708 0.75813 0.73645 0.72234 0.71176 0.68828 0.67119 0.64860 0.61945 0.58838

10.............. 0.82447 0.77972 0.75989 0.74700 0.73733 0.71540 0.69937 0.67802 0.65032 0.62070
11.............. 0.84080 0.80019 0.78220 0.77050 0.76173 0.74139 0.72647 0.70642 0.68028 0.65222
12.............. 0.85617 0.81963 0.80345 0.79292 0.78S03 0.76632 0.75255 0.73385 0.70935 0.68299
13.............. 0.87087 0.83900 0.82489 0.81570 0.80881 0.79185 0.77939 0.76204 0.73917 0.71448
14.............. 0.88416 0.85753 0.84547 0.83763 0.83174 0.81658 0.80540 0.78938 0.76804 0.74495
15.............. 0.89740 0.87421 0.86388 0.85713 0.85205 0.83858 0.82857 0.81406 0.79462 0.77353
16.............. 0.90962 0.89028 0.88157 0.87583 0.87145 0.85966 0.85085 0.83785 0.82036 0.80135
17.............. 0.92137 0.90584 0.89862 0.89376 0.88998 0.87985 0.87222 0.86076 0.84525 0.82836
18.............. 0.93265 0.92058 0.91479 0.91080 0.90766 0.89916 0.89270 0.88278 0.86927 0.85455
19.............. 0.94343 0.93453 0.93010 0.92701 0.92454 0.91763 0.91234 0.90395 0.89243 0.87989
20.............. 0.95372 0.94770 0.94462 0.94243 0.94065 0.93531 0.93117 0.92429 0.91476 0.90439
21.............. 0.96395 0.96020 0.95821 0.95678 0.95560 0.95169 0.94856 0.94324 0.93576 0.92762
22.............. 0.97321 0.97092 0.96967 0.96874 0.96798 0.96524 0.96301 0.95907 0.95357 0.94762
23.............. 0.98162 0.98039 0.97970 0.97918 0.97875 0.97702 0.97558 0.97288 0.96913 0.96510
24.............. 0.98881 0.98827 0.98795 0.98771 0.98751 0.98658 0.98575 0.98412 0.98185 0.97945

1(3') 1(40) 1(4') 1(50) 1(") 1(60) 1(65) 1(10) 1(15) 1(10)

1.............. 0.26436 0.22935 0.19512 0.16324 0.13008 0.09838 0.06591 0.03857 0.01773 0.00560
2.............. 0.30229 0.26567 0.22931 0.19478 0.15818 0.12230 0.08464 0.05166 0.02526 0.00877
3.............. 0.33989 0.30218 0.26419 0.22746 0.18784 0.14812 0.10545 0.06674 0.03440 0.01291
4.............. 0.37706 0.33871 0.29957 0.26107 0.21886 0.17564 0.12822 0.08379 0.04518 0.01814
5.............. 0.41373 0.37515 0.33529 0.29543 0.25105 0.20468 0.15281 0.10273 0.05763 0.02450
6.............. 0.44986 0.41142 0.37122 0.33039 0.28425 0.23510 0.17910 0.12350 0.07177 0.03206
7.............. 0.48541 0.44743 0.40726 0.36581 0.31830 0.26675 0.20698 0.14603 0.08759 0.04089
8.............. 0.52037 0.48314 0.44332 0.40159 0.35309 0.29949 0.23631 0.17024 0.10505 0.05100
9.............. 0.55471 0.51849 0.47932 0.43763 0.388SO 0.33320 0.26699 0.19605 0.12413 0.06243

10.............. 0.58844 0.55346 0.51521 0.47384 0.42442 0.36778 0.29891 0.22337 0.14479 0.07518
11.............. 0.62154 0.58800 0.55092 0.51015 0.46076 0.40311 0.33196 0.25212 0.16699 0.08926
12.............. 0.65403 0.62211 0.58642 0.54648 0.49743 0.43911 0.36605 0.28221 0.19068 0.10467
13.............. 0.68727 0.65702 0.62284 9.58391 0.53546 0.47670 0.40196 0.31426 0.21624 0.12161
14.............. 0.719SO 0.69100 0.65837 0.62040 0.57242 0.51311 0.43668 0.34517 0.24090 0.13805
15.............. 0.7S015 0.72365 0.69277 0.65598 0.60873 0.54922 0.47149 0.37662 0.26645 0.15540
16.............. 0.78016 0.75582 0.72693 0.69164 0.64551 0.58622 0;50769 0.40987 0.29400 0.17457
17......;....... 0.80944 0.78742 0.76074 0.72724 0.68261 0.62398 0.54516 0.44486 0.32358 0.19565
18.............. 0.83797 0.81838 0.79411 0.76265 0.71989 0.66235 0.58377 0.48151 0.35517 0.21869
19.............. 0.86569 0.84864 0.82693 0.79777 0.75720 0.70117 0.62337 0.51969 0.38870 0.24371
20..:........... 0.89261 0.87814 0.85913 0.83247 0.79440 0.74027 0.66377 0.55922 0.42407 0.27070
21.............. 0.91827 0.90647 0.89017 0.86621 0.83088 0.77919 0.70467 0:60016 0.46168 0.30026
22.............. 0.94066 0.93159 0.91851 0.89814 0.86702 0.81966 0.74962 0.64788 0.50850 0.33976
23.............. 0.96034 0.95393 0.94415 0.92784 0.90173 0.86001 0.79635 0.69980 0.56198 0.38737
24.............. 0.97659 0.97258 0.96600 0.95398 0.93359 0.89837 0.84377 0.75558 0.62310 0.44556

NOle: Valuesof /(x) based on a sex ratio at birth of 105males per 100females.
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AIfIJU IX

VALUES OFPROBABILITY OFSURVIVING FOR BOTH SEXES COMBINED, FOR AGES UPTO 15,
FROM COALE-DEMENY MODEL LIFE TABLES USING DIFFERENT SEX RATIOS AT BIRTH

TABLE239. NORTH MODEL VALUES FORPROBABILITY OF SURVIVING FROMBIRTH./(x ).
FORAOESUPTO 15.80TH SEXES COMBINED: SEXRATIOAT BIRTH OF 1.02

1'rDbtIbI/ity11/""''''.. I(x)

!.nil 1(1) 1(2) 1(3) 1(4) I(S) 1(10) I(IS)

1.............. 0.65429 0.57221 0.52198 0.48435 0.45576 0.39745 0.37129
2.............. 0.68414 0.60613 0.55840 0.52265 0.49549 0.43785 0.41160
3.............. 0.71092 0.63717 0.59205 0.55825 0.53257 0.47617 0.45013
4.............. 0.73520 0.66577 0.62330 0.59147 0.56730 0.51259 0.48700
5.............. 0.75734 0.69227 0.65245 0.62262 0.59996 0.54727 0.52232
6.............. 0.77768 0.71692 0.67975 0.65191 0.63075 0.58035 0.55621
7.............. 0.79645 0.73997 0.70541 0.67953 0.65986 0.61195 0.58876
8.............. 0.81386 0.76158 0.72960 0.70564 0.68744 0.64218 0.62004
9.............. 0.83007 0.78191 0.75245 0.73039 0.71362 0.67115 0.65014

10.............. 0.84521 0.80109 0.77410 0.75388 0.73853 0.69891 0.67911
11.............. 0.85940 0.81922 0.79464 0.77623 0.76224 0.72558 0.70703
12.............. 0.87270 0.83636 0.81413 0.79748 0.78483 0.75114 0.73391
13.............. 0.88510 0.85313 0.83357 0.81892 0.80779 0.77744 0.76153
14.............. 0.89626 0.86855 0.85153 0.83875 0.82901 0.80200 0.78751
15.............. 0.90711 0.88342 0.86874 0.85766 0.84917 0.82540 0.81235
16.............. 0.91761 0.89797 0.88539 0.87577 0.86830 0.84765 0.83606
17.............. 0.92774 0.91172 0.90112 0.89290 0.88644 0.86881 0.85866
18.............. 0.93746 0.92469 0.91595 0.90909 0.90365 0.88891 0.88020
19.............. 0.94676 0.93690 0.92993 0.92440 0.91997 0.90803 0.90073
20.............. 0.95562 0.94839 0.94311 0.93888 0.93545 0.92621 0.92029
21.............. 0.96403 0.95919 0.95555 0.95259 0.95018 0.94355 0.93898
22.............. 0.97199 0.96937 0.96734 0.96567 0.96431 0.96022 0.95698
23.............. 0.97909 0.97757 0.97635 0.97533 0.97450 0.97185 0.96965
24.............. 0.98586 0.98509 0.98445 0.98392 0.98348 0.98200 0.98065

TABLE240. NORTH MODEL VALUES FOR PROBABILITY OF SURVIVING FROMBIRTH./(X ).
FORAOESUPTO 15.80TH SEXES COMBINED: SEXRATIOAT BIRTH OF 1.03

!JvWi/Ityof""''''' /(x)

!.nil 1(1) 1(2) 1(3) 1(4) I(S) 1(10) 1(15)

1.............. 0.65416 0.57209 0.52186 0.48424 0.45565 0.39736 0.37120
2.............. 0.68402 0.60602 0.55830 0.52255 0.49539 0.43776 0.41151
3.............. 0.71082 0.63707 0.59195 0.55815 0.53247 0.47609 0.45005
4.............. 0.73510 0.66568 0.62320 0.59138 0.56721 0.51251 0.48692
5.............. 0.75725 0.69218 0.65236 0.62253 0.59987 0.54719 0.52225
6.............. 0.77759 0.71683 0.67966 0.65182 0.63067 0.58027 0.55614
7.............. 0.79637 0.73989 0.70533 0.67945 0.65978 0.61188 0.58869
8.............. 0.81379 0.76150 0.72952 0.70556 0.68736 0.64211 0.61997
9.............. 0.83000 0.78184 0.75238 0.73032 0.71355 0.67108 0.65007

10.............. 0.84515 0.80103 0.77403 0.75382 0.73846 0.69885 0.67905
11.............. 0.85934 0.81916 0.79458 0.77618 0.76218 0.72552 0.70698
12.............. 0.87265 0.83631 0.81408 0.79742 0.78477 0.75108 0.73385
13.............. 0.88506 0.85308 0.83352 0.81887 0.80774 0.77739 0.76148
14.............. 0.89622 0.86851 0.85148 0.83870 0.82896 0.80195 0.78746
15.............. 0.90707 0.88338 0.86869 0.85762 0.84913 0.82535 0.81230
16.............. 0.91757 0.89793 0.88535 0.87573 0.86826 0.84760 0.83601
17.............. 0.92770 0.91169 0.90108 0.89286 0.88640 0.86877 0.85862
18.............. 0.93743 0.92466 0.91592 0.90906 0.90361 0.88887 0.88016
19.............. 0.94673 0.93688 0.92990 0.92437 0.91993 0.90799 0.90069
20.............. 0.95559 0.94837 0.94309 0.93885 0.93543 0.92618 0.92026
21.............. 0.96401 0.95917 0.95553 0.95257 0.95015 0.94352 0.93895
22.............. 0.97197 0.96935 0.96732 0.96565 0.96429 0.96019 0.95696
23.............. 0.97908 0.97755 0.97633 0.97532 0.97448 0.97183 0.96963
24.............. 0.98585 0.98508 0.98444 0.98391 0.98347 0.98199 0.98064
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TAILI!241. NORTH MODEL VALUES FOR PROIAIILlTV OF SURVIVING FROM IIRTH./(x ).
FOR AGES UP TO 15. 10TH SEXES COMIfNED: SEX RATIO AT IIRTH OF 1.04

1'NIJtIJJIIity(.wrltJ, I(x)

'-' 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15)

I .............. 0.65404 0.57197 0.52175 0.48413 0.45555 0.39727 0.37112
2.............. 0.68391 0.60590 0.55819 0.52244 0.49529 0.43767 0.41143
3.............. 0.71071 0.63697 0.59185 0.55805 0.53238 0.47600 0.44997
4.............. 0.73500 0.66558 0.62310 0.59129 0.56712 0.51242 0.48684
5.............. 0.75716 0.69209 0.65227 0.62244 0.59978 0.54711 0.52217
6.............. 0.77751 0.71675 0.67958 0.65174 0.63059 0.58020 0.55607
7.............. 0.79630 0.73981 0.70525 0.67937 0.65970 0.61181 0.58862
8.............. 0.81372 0.76143 0.72945 0.70549 0.68729 0.64205 0.61990
9.............. 0.82994 0.78177 0.75231 0.73025 0.71349 0.67101 0.65001

10.............. 0.84509 0.80096 0.77397 0.75375 0.73840 0.69879 0.67899
11.............. 0.85929 0.81910 0.79452 0.77612 0.76213 0.72546 0.70692
12.............. 0.87260 0.83626 0.81403 0.79737 0.78472 0.75103 0.73380
13.:............ 0.88501 0.85303 0.83347 0.81882 0.80769 0.77734 0.76143
14.............. 0.89618 0.86846 0.85143 0.83866 0.82891 0.80190 0.78741
IS............:. 0.90703 0.88333 0.86865 0.85757 0.84908 0.82530 0.81225
16.............. 0.91754 0.89789 0.88530 0.87569 0.86822 0.84756 0.83597
17.............. 0.92767 0.91166 0.90104 0.89282 0.88636 0.86872 0.85857
18.............. 0.93740 0.92463 0.91588 0.90902 0.90358 0.88883 0.88012
19.............. 0.94671 0.93685 0.92988 0.92434 0.91990 0.90795 0.90065
20.............. 0.95557 0.94835 0.94306 0.93882 0.93540 0.92615 0.92023
21 .............. 0.96399 0.95915 0.95550 0.95254 0.95013 0.94349 0.93892
22.............. 0.97195 0.96934 0.96730 0.96563 0.96427 0.96017 0.95693
23.............. 0.97906 0.97754 0.97632 0.97530 0.97447 0.97181 0.96961
24.............. 0.98584 0.98507 0.98443 0.98390 0.98346 0.98197 0.98062

TAILE242. NORTH MODEL VALUES FOIt PROIAIILlTV OF SURVIVING FROM IIRTH.I(X ).
FOR AGES UP TO IS. 10TH SEXES COMIINED: SEX RATIO AT IIRTH OF 1.05

""**1IIy(.",.." I(x)

"", 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15)

I.............. 0.65392 0.57185 0.52163 0.48402 0.45544 0.39718 0.37104
2.............. 0.68379 0.60580 0.55808 0.52234 0.49519 0.43758 0.41135
3.............. 0.71061 0.63686 0.59175 0.55795 0.53228 0.47592 0.44989
4.............. 0.73491 0.66548 0.62301 0.59120 0.56703 0.51234 0.48677
5.............. 0.75708 0.69200 0.65218 0.62236 0.59970 0.54703 0.52210
6.............. 0.77743 0.71667 0.67950 0.65166 0.63051 0.58012 0.55600
7.............. 0.79622 0.73973 0.70518 0.67929 0.65963 0.61173 0.58855
8.............. 0.81365 0.76136 0.72938 0.70542 0.68722 0.64198 0.61984
9.............. 0.82988 0.78171 0.75224 0.73018 0.71342 0.67095 0.64995

10.............. 0.84503 0.80090 0.77391 0.75369 0.73834 0.69873 0.67893
11.............. 0.85924 0.81905 0.79446 0.77606 0.76207 0.72540 0.70687
12.............. 0.87255 0.83620 0.81397 0.79732 0.78466 0.75097 0.73375
13.............. 0.88497 0.85299 0.83342 0.81877 0.80764 0.77729 0.76138
14.............. 0.89613 0.86841 0.85139 0.83861 0.82886 0.80185 0.78736
15.............. 0.90699 0.88329 0.86860 0.85753 0.84904 0.82525 0.81221
16.............. 0.91750 0.89785 0.88526 0.87564 0.86818 0.84751 0.83592
17.............. 0.92764 0.91162 0.90101 0.89278 0.88633 0.86868 0.85853
18.............. 0.93737 0.92460 0.91585 0.90899 0.90354 0.88879 0.88008
19.............. 0.94668 0.93682 0.92985 0.92431 0.91987 0.90792 0.90061
20.............. 0.95555 0.94833 0.94304 0.93880 0.93537 0.92612 0.92019
21.............. 0.96397 0.95913 0.95548 0.95252 0.95011 0.94346 0.93889'
22.............. 0.97194 0.96932 0.96728 0.96561 0.96425 0.96014 0.95690
23.............. 0.97905 0.97753 0.97630 0.97529 0.97445 0.97179 0.96958
24.............. 0.98583 0.98506 0.98442 0.98389 0.98345 Q.98196 0.98061
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TABLE243. NORTH MODEL VALUES FORPROBABILITY OF SURVIVING FROMBIRTH.I (X ).
fOR AGESUPTO IS, 80TH SEXES COMBINED: SEXRATIOAT BIRTHOF 1.06

""""U1l ttlIW'IIw"I./(x)

l.-I 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15)

I.............. 0.65380 0.57173 0.52152 0.48392 0.45534 0.39709 0.37096
2.............. 0.68368 0.60569 0.55798 0.52224 0.49509 0.43749 0.41127
3.............. 0.71051 0.63676 0.59165 0.55786 0.53219 0.47583 0.44981
4.............. 0.73481 0.66539 0.62292 0.59111 0.56694 0.51226 0.48669
5.............. 0.75699 0.69191 0.65209 0.62227 0.59961 0.54696 0.52203
6.............. 0.77735 0.71659 0.67942 0.65158 0.63043 0.58005 0.55593
7.............. 0.79615 0.73966 0.70510 0.67922 0.65955 0.61166 0.58849
8.............. 0.81358 0.76129 0.72931 0.70535 0.68715 0.64191 0.61978
9.............. 0.82981 0.78164 0.75218 0.73012 0.71335 0.67089 0.64989

10.............. 0.84497 0.80084 0.77384 0.75363 0.73827 0.69867 0.67888
I I.............. 0.85918 0.81899 0.79441 0.77600 0.76201 0.72534 0.70681
12.............. 0.87250 0.83615 0.81392 0.79726 0.78461 0.75092 0.73369
13.............. 0.88492 0.85294 0.83337 0.81872 0.80759 0.77724 0.76133
14.............. 0.89609 0.86837 0.85134 0.83856 0.82881 0.80180 0.78731
15.............. 0.90695 0.883i5 0.86856 0.85748 0.84899 0.82520 0.81216
16.............. 0.91747 0.89781 0.88522 0.87560 0.86814 0.84746 0.83587
17.............. 0.92761 0.91159 0.90097 0.89275 0.88629 0.86864 0.85848
18.............. 0.93734 0.92457 0.91582 0.90896 0.90351 0.88875 0.88004
19.............. 0.94666 0.93680 0.92982 0.92428 0.91984 0.90788 0.90058
20.............. 0.95553 0.94830 0.94301 0.93877 0.93535 0.92609 0.92016
21.............. 0.96395 0.95911 0.95546 0.95250 0.95008 0.94343 0.93886
22.............. 0.97192 0.96930 0.96727 0.96559 0.96423 0.96012 0.95687
23.............. 0.97904 0.97751 0.97629 0.97527 0.97443 0.97177 0.96965
24.............. 0.98582 0.98505 0.98441 0.98388 0.98344 0.98195 0.98059

TABLE244. NORTH MODEL VALUES FOR PROBABILITY OF SURVIVING FROMBIRTH. I (x),
FORAGESUPTO 15,80TH SEXES COMBINED: SEXRATIOAT BIRTHOF 1.07

""""U"of1W'IIrbf, /(x),..,., 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15)

I .............. 0.65368 0.57162 0.52141 0.48381 0.45524 0.39700 0.37087
2.............. 0.68357 0.60558 0.55787 0.52214 0.49499 0.43741 0.41119
3.............. 0.71041 0.63666 0.59155 0.55776 0.53209 0.47575 0.44973
4.............. 0.73472 0.66530 0.62282 0.59102 0.56685 0.51218 0.48662
5.............. 0.75690 0.69182 0.65201 0.62219 0.59953 0.54688 0.52195
6.............. 0.77727 0.71650 0.67934 0.65150 OJi3035 0.57997 0.55586
7.............. 0.79608 0.73958 0.70502 0.67914 0.65948 0.61159 0.58842
8............... 0.81351 0.76122 0.72923 0.70528 0.68708 0.64184 0.61971
9.............. 0.82975 0.78158 0.75211 0.73005 0.71329 0.67082 0.64983

10.............. 0.84492 0.80078 0.77378 0.75357 0.73821 0.69861 0.67882
11.............. 0.85913 0.81893 0.79435 0.77594 0.76195 0.72529 0.70676
12.............. 0.87245 0.83610 0.81387 0.7972\ 0.78456 0.75087 0.73364
13.............. 0.88488 0.85289 0.83332 0.8\868 0.80754 0.77719 0.76\28
14.............. 0.89605 0.86833 0.85\29 0.83852 0.82877 0.80175 0.78726
IS.............. 0.90692 0.8832\ 0.86852 0.85744 0.84895 0.82516 0.8\2\\
\6.............. 0.91744 0.89777 0.88519 0.87556 0.868\0 0.84742 0.83583
17.............. 0.92758 0.9\\56 0.90094 0.89271 0.88625 0.86860 0.85844
18.............. 0.93732 0.92454 0.9\579 0.90892 0.90348 0.88872 0.88000
\9.............. 0.94663 0.93677 0.92979 0.92425 0.9\981 0.90785 0.90054
20.............. 0.95551 0.94828 0.94299 0.93875 0.93532 0.92605 0.920\2
21.............. 0.96393 0.95909 0.95544 0.95248 0.95006 0.9434\ 0.938.83
22.............. 0.9719\ 0.96929 0.96725 0.96558 0.9642\ 0.96009 0.95685
23.............. 0.97903 0.97750 0.97627 0.97526 0.97442 0.97175 0.96954
24.............. 0.9858\ 0;98504 0.98440 0.98387 0.98343 0.98\93 0.98058
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TABLE 245. SOUTH MODEL VALUES FOR PROBABILITY OF SURVIVINO FROMBIRTH.I (X ).
FOR AGESUPTO IS, 10TH SEXESCOMBINED:SEXRATIOAT BIRTHOF 1.02

PrtIIMbiutytlf-wrl",. ~IIJ

'-' 1(1) /(2) /(3) /(4) /(5) 1(\0) 1(15)

1.............. 0.67858 0.54735 0.48688 0.45472 0.43669 0.39953 0.38229
2.............. 0.70201 0.57849 0.52157 0.49130 0.47434 0.43770 0.42049
3.............. 0.72317 0.60732 0.55393 0.52554 0.50963 0.47389 0.45689
4.............. 0.74244 0.63415 0.58424 0.55770 0.54283 0.50827 0.49165
5.............. 0.76011 0.65924 0.61275 0.58802 0.57417 0.54102 0.52489
6.............. 0.77642 0.68279 0.63964 0.61669 0.60383 0.57227 0.55673
7.............. 0.79152 0.70496 0.66507 0.64385 0.63196 0.60214 0.58728
8.............. 0.80558 0.72590 0.68919 0.66966 0.65872 0.63074 0.61663
9.............. 0.81872 0.74574 0.71211 0.69422 0.68420 0.65815 0.64484

10.............. 0.83083 0.76422 0.73352 0.71719 0.70804 0.68433 0.67188
11.............. 0.84149 0.78188 0.75441 0.73979 0.73160 0.71010 0.69857
12.............. 0.85189 0.79888 0.77445 0.16145 0.75417 0.73484 0.72425
13.............. 0.86204 0.81525 0.79369 0:78222 0.77579 0.75860 0.74896
14.............. 0.87190 0.83101 0.81216 0.80213 0.19651 0.78141 0.77275
15.............. 0.88147 0.84616 0.82989 0.82123 0.81638 0.80333 0.79563
16.............. 0.89074 0.86073 0.84691 0.83955 0.83543 0.82439 0.81764
17.............. 0.89968 0;87481 0.86331 0.85717 0.85370 0.84463 0.83883
18.............. 0.90837 0.8~854 0.87926 0.87426 0.87138 0.8642\ 0.85937
19.............. 0.91829 0.90339 0.89624 0.89230 0.88996 0.88429 0.88030
20.............. 0.92790 0.91663 0.91108 0.90796 0.90605 0.90170 0.89848
21.............. 0.93748 0.92927 0.92512 0.92274 0.92125 0.91804 0.91554
22.............. 0.94100 0.94131 0.93836 0.93663 0.93553 0.93328 0.93141
23.............. 0.95640 0.95271 0.95074 0.94957 0.94880 0.94734 0.94601
24.............. 0.96560 0.96341 0.96221 0.96148 0.96100 0.96013 0.95926

TABLE246. SOUTH MODEL VALUES FOR PROBABILITY OF SURVIVING FROM BIRTH.I (X ).
FOR AGESUPTO 15. BOTH SEXESCOMBINED: SEXRATIOAT BIRTHOF 1.03

ProbtIbili/lll{""';01.." 1(11) -_..- -_._.__._-----~-
'-' 1(\) 1(2) /(3) /(4) 1(5) /(10) 1(15)--,--------.._--

1.............. 0.67851 0.54731 0.48685 0.45470 0.43667 0.39953 0.38230
2.............. 0.70194 0.57846 0.52155 0.49128 0.47432 0.43770 0.42050
3.............. 0.72311 0.60128 0.55390 0.52552 0.50961 0.47388 0.45690
4.............. 0.74239 0.63411 0.58422 0.55167 0.54281 0.50826 0.49165
5.............. 0.76006 0.65920 0.61212 0.587~ 0.51414 0.54101 0.52488
6.............. 0.77637 0.68275 0.63961 0.61666 0.60380 0.57225 0.55673
7.............. 0.79147 0.70492 0.66504 0.64383 0.63193 0.60213 0.58727
8.............. 0.80554' 0.72587 0.68916 0.66963 0.65869 0.63072 0.61661
9.............. 0.81867 0.745'70 0.71208 0.69419 0.68417 0.65813 0.64483

10.............. 0.83019 0.76418 0.73349 0.11715 0.70801 0.68430 0.67185
11.............. 0.84145 0.78184 0.75437 0.73976 0.73157 0.71007 0.69855
12.............. 0.85185 0.79885 0.77442 0.16142 0.75414 0.13481 0.72422
13.............. 0.86200 0.81521 0.79365 0.18218 0.17576 0.75856 O.74R93
14.............. 0.81187 0.83098 0.81213 0.80210 0.79648 0.18138 0.77271
IS.............. 0.88144 0.84613 '0.82986 0.82120 0.81635 0.80329 0.79560
16.............. 0.89071 0.86070 0.84688 0.83952 0.83540 0.82436 0.111761
17.............. 0.89965 0.87478 0.86328 0.85714 0.85367 0.84459 0.R38110
18.............. 0.90834 0.88851 0.87923 0.87422 0.87134 0.86417 0.85934
19.............. 0.91826 0.90337 0.89622 0.89228 0.88993 0.88427 0.S1lO27
20.............. 0.92788 0.91661 0.91106 0.90794 0.90603 0.90168 O.89R46
21.............. 0.93747 0.92926 0.92511 0.92272 0.92t23 0.91802 0.91552
22.............. 0.94699 0.94130 0.93834 0.93662 0.93551 0.93327 0.93139
23.............. 0.95639 0.95270 0.95073 0.94955 0.94879 0.~732 0.94600
24.............. 0.96559 0.96340 0.96220 0.96147 0.96099 0.96011 0.95925
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TABLE247. SOl1I'H MODEL VALUES. FORPROBABILITY OF SURVIVINO FROMBIRTH. / (X ).
FORAOESUPTO 15.80TH SEXES COMBINED: SEXRATIOATBIRtH OF 1.04

1'N6ttIJIII/f""",w." ~x}

'-' 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15)

I .............. 0.67844 0.54727 0.48683 0.45468 0.43666 0.39953 0.38231
2.............. 0.70188 0.57842 0.52152 0.49126 0.47431 0.43769 0.42050
3.............. 0.72305 0.60724 0.55388 0.52550 0.50959 0.47388 0.45690
4.............. 0.74233 0.63408 0.58419 0.55765 0.54279 0.50825 0.49165
5.............. 0.76001 0.65916 0.61269 0.58797 0.57412 0.54100 0.52488
6.............. 0.77632 0.68272 0.63958 0.61663 0.60378 0.57224 0.55672
7.............. 0.79143 0.70489 0.66501 0.64380 0.63191 0.60211 0.58726
8.............. 0.80549 0.72583 0.68913 0.66960 0.65866 0.63070 0.61660
9.............. 0.81863 0.74567 0.71205 0.694l6 0.68414 0.65811 0.64481

10.............. 0.83074 0.76414 0.73345 0.71712 0.70798 0.68427 0.67183
II.............. 0.84141 0.78181 0.75434 0.73972 0.73154 0.71004 0.69852
12.............. 0.85182 0.79881 0.77439 0.76139 0.75411 0.73478 0.72420
13.............. 0.86197 0.81518 0.79362 0.78215 0.77573 0.75853 0.74890
14.............. 0.87184 0.83094 0.81209 0.80206 0.79645 0.78135 0.77268
15.............. 0.88141 0.84610 0.82983 0.82117 0.81632 0.80326 0.79556
16.............. 10.89068 0.86067 0.84684 0.83949 0.83537 0.82432 0.81757
17.............. 0.89963 0.87475 0.86325 0.85711 0.85364 0.84456 0.83876
18.............. 0.90832 0.88848 0.87920 0.87419 0.87131 0.86414 0.85930
19.............. 0.91824 0.90335 0.89620 0.89225 0.88991 0.88424 0.88025
20.............. 0.92786 0.91659 0.91104 0.90792 0.90601 0.90165 0.89844
21.............. 0.93745 0.92924 0.92509 0.92271 0.92122 0.91800 0.91550
22.............. 0.94697 0.94128 0.93833 0.93660 0.93550 0.93325 0.93137
23.............. 0.95638 0.95268 0.95072 0.94954 0.94878 0.94731 0.94598
24.............. 0.96558 0.96339 0.96219 0.96146 0.96098 0.96010 0.95924

TABLE248. SouTH MODEL VALUES FORPROBABILITY OF SURVIVINO FROMBIRTH./(x).
FORAOESUPTO 15.80TH SEXES COMBINED: SEXRATIOATBIRTHOF 1.05

1'N6ttIJIII/f 0{-.t"'l(x}

'-' 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15)

I ...........;.. 0.67837 0.54723 0.48680 0.45466 0.43665 0.39953 0.38232
2.............. 0.70181 0.57838 0.52150 0.49124 0.47429 0.43769 0.42051
3.............. 0.72299 0.60721 0.55385 0.52548 0.50957 0.47387 0.45690
4.............. 0.74227 0.63404 0.58416 0.55763 0.54277 0.50825 0.49164
5.............. 0.75995 0.65913 0.61266 0.58795 0.57410 0.54099 0.52487
6.............. 0.77627 0.68268 0.63955 0.61661 0.60376 0.57222 0.55671
7.............. 0.79138 0.70485 0.66498 0.64377 0.63188 0.60209 0.58725
8.............. 0.80545 0.72580 0.68910 0.66957 0.65864 0.63068 0.61658
9.............. 0.81859 0.74564 0.71201 0.69413 0.68411 0.65809 0.64479

10.............. 0.83070 0.76411 0.73342 0.71708 0.70794 0.6842~ 0.67180
II.............. 0.84137 0.78177 0.75430 0.73969 0.73150 0.71001 0.69849
12.........;.... 0.85178 0.79878 0.77435 0.76135 0.75408 0.73475 0.72417
13.............. 0.86194 0.81515 0.79359 0.78212 0.77570 0.75850 0.74888
14.............. 0.87181 0.83091 0.81206 0.80203 0.79642 0.78132 0.77265
15.............. 0.88138 0.84607 0.82980 0.82114 0.81629 0.80323 0.79553
16.............. 0.89065 0.86064 0.84681 0.83946 0.83533 0.82429 0.81754
17.............. 0.89960 0.87473 0.86322 0.85708 0.85361 0.84452 0.83873
18.............. 0.90829 0.88845 0.87917 0.87416 0.87128 0.86410 0.85926
19.............. 0.91822 0.90333 0.89618 0.89223 0.88989 0.88422 0.88022
20.............. 0.92784 0.91657 0.91102 0.90790 0.90599 0.90163 0.89841
21.............. 0.93743 0.92922 0.92507 0.92269 0.92,120 0.91798 0.91548
22.............. 0.94696 0.94127 0.93831 0.93659 0.93548 0.93323 0.93135
23.............. 0.95637 0.95267 0.95071 0.94953 0.94876 0.94729 0.94596
24.............. 0.96557 0.96338 0.96218 0.96145 0.96097 0.96009 0.95923
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TABLE249. SOUTH MODEL VALUES FOR PROBABILITY OF SURVIVING FROMBIRTH. I (X ).
FORAOESUPTO rs. 80TH SEXES COMBINED: SEXRATIOATBIRTHOF 1.06

hobtIbilltyo{lW'IIrI,.,.I(1C)

LrMI 1(1) 1(2) 1(3) 1(4) 1(') 1(10) 1(1')

I.............. 0.67830 0.54720 0.48678 0.45465 0.43664 0.39953 0.38232
2.............. 0.70175 0.57834 0.52147 0.49122 0.47428 0.43;68 0.42051
3.............. 0.72293 0.60717 0.55383 0.52545 0.50956 0.47386 0.45690
4.............. 0.74222 0.63401 0.58414 0.55761 0.54275 0.50824 0.49164
5.............. 0.75990 0.65909 0.61264 0.58792 0.57408 0.54097 0.52487
6.............. 0.77622 0.68265 0.63952 0.61658 0.60373 0.57221 0.55670
7.............. 0.79133 0.70482 0.66495 0.64375 0.63186 0.60207 0.58724
8.............. 0.80540 0.72577 0.68907 0.66954 0.65861 0.63066 0.61657
9.............. 0.81855 0.74560 0.71198 0.69410 0.68409 0.65806 0.64478

10.............. 0.83066 0.76407 0.73338 0.71705 0.70791 0.68422 0.67178
II .............. 0.84133 0.78174 0.75427 0.73966 0.73147 0.70998 0.69847
12..r ........... 0.85174 0.79874 0.77432 0.76132 0.75404 0.73472 0.72414
13.:............ 0.86190 0.81511 0.79356 0.78209 0.77566 0.75847 0.74885
14.............. 0.87177 0.83088 0.81203 0.80200 0.79639 0.78129 0.77262
15.............. 0.88135 0.84604 0.82976 0.82111 0.81626 0.80320 0.79550
16.............. 0.89062 0.86061 0.84678 0.83942 0.83530 0.82426 0.8I7SI
17.............. 0.89957 0.87470 0.86319 0.85705 0.85357 0.84449 0.83869
18.............. 0.90827 0.88843 0.87914 0.87413 0.87125 0.86407 0.85923
19.............. 0.91820 0.90331 0.89615 0.89221 0.88987 0.88420 0.88019
20.............. 0.92782 0.91655 0.91100 0.90788 0.90597 0.90161 0.89839
21.............. 0.93742 0.92921 0.92505 0.92267 0.92118 0.91796 0.91546
22.............. 0.94694 0.94125 0.93830 0.93657 0.93546 0.93322 0.93133
23.............. 0.95635 0.95266 0.95069 0.94952 0.94875 0.94728 0.94595
24.............. 0.96556 0.96337 0.96217 0.96144 0.96096 0.96008 0.95921

TABLE250. SOUTH MODEL VALUES FORPROB~BILITY OF SURVIVING FROMBIRTH./ (X ).
FORAGESUPTO 15.BOTH SEXES COMBINED: SEXRATIOATBIRTHOF 1.07

hobtIbIU'loflW'llJ/Itf.I(1C)

LrMI 1(1) f(2) f(3) 1(4) 1(') 1(10) 1(1')

1.............. 0.67824 0.54716 0.48676 0.45463 0.43662 0.39953 0.38233
2.............. 0.70169 0.57831 0.52145 0.49120 0.47426 0.43768 0.42052
3.............. 0.72287 0.60714 0.55380 0.52543 0.50954 0.47386 0.45690
4.............. 0.74216 0.63397 0.58411 0.55758 0.54273 0.50823 0.49164
5.............. 0.75985 0.65906 0.61261 0.58790 0.57406 0.S4096 0.52486
6.............. 0.77617 0.68261 0.63949 0.61656 0.60371 0.57219 0.55670
7.............. 0.79128 0.70478 0.66492 0.64372 0.63183 0.60206 0.58723
8.............. 0.80536 0.72573 0.68904 0.66952 0.65858 0.63064 0.61656
9.............. 0.81851 0.74557 0.71195 0.69407 0.68406 0.65804 0.64476

10.............. 0.83062 0.76404 0.73335 0.71702 0.70788 0.68419 0.67176
11.............. 0.84129 0.78170 0.75424 0.73963 0.73144 0.70995 0.69844
12.............. 0.85171 0.79871 0.77429 0.76129 0.75401 0.73469 0.72411
13.............. 0.86187 0.81508 0.79353 0.78205 0.77563 0.75844 0.74882
14.............. 0.87174 0.83085 0.81200 0.80197 0.79635- 0.78125 0.77259
15.............. 0.88132 0.84601 0.82973 0.82108 0.81623 0.80317 0.79547
16.............. 0.89059 0.86058 0.84675 0.83939 0.83527 0.82423 0.81747
17.............. 0.89955 0.87467 0.86316 0.85701 0.85354 0.84446 0.83866
18.............. 0.90824 0.88840 0.87911 0.87410 0.87122 0.86404 0.85919
19.............. 0.91818 0.90329 0.89613 0.89218 0.88984 0.88417 0.88017
20.............. 0.92780 0.91653 0.91098 0.90786 0.90595 0.90159 0.89836
21.............. 0.93740 0.92919 0.92504 0.92265 0.92116 0.91795 0.91544
22.............. 0.94693 0.94124 0.93828 0.93656 0.Y3545 0.93320 0.93132
23.............. 0.95634 0.95265 0.95068 0.94950 0.94874 0.94726 0.94593
24.............. 0.96555 0.96336 0.96216 0.96143 0.96095 0.96007 0.95920
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TABLE251. EAST MODEL VALUES FOR PROBABILITY OF SURVIVINO FROMBIRTH. I (x ).
FORAOESUPTO IS. 10TH SEXES COMBINED: SEXRATIOAT BIRTHOF 1.02'

1N6tIIIility1I{....u,. /fxJ

l6fIl 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) I(IS)

1.............. 0.53316 0.46363 0.43439 0.41549 0.40205 0.37347 0.35976
2.............. 0.57075 0.50285 0.47429 0.45583 0.44272 0.41397 0.40005
3.............. 0.60501 0.53936 0.51174 0.49390 0.48121 0.45267 0.43871
4.............. 0.63647 0.57350 0.54701 0.52990 0.51773 0.48968 0.47584
5.............. 0.66552 0.60556 0.58034 0.56405 0.55247 0.52517 0.51155
6.............. 0.69246 0.63576 0.61192 0.59652 0.58556 0.55920 0.54592
7.............. 0.71757 0.66431 0.64191 0.62744 0.61715 0.59189 0.57905
8.............. 0.74106 0.69136 0.67046 0.65696 0.64735 0.62334 0.61100
9.............. 0.76310 0.71704 0.69768 0.68517 0.67627 0.65362 0.64184

10.............. 0.78384 0.74148 0.72367 0.71217 0.70399 0.68280 0.67162
11.............. 0.80323 0.76524 0.74927 0.73896 0.73162 0.71216 0.70158
12.............. 0.82115 0.78741 0.77322 0.76407 0.75754 0.73978 0.72991
13.............. 0.83842 0.80871 0.79621 0.78815 0.78241 0.76636 0.75724
14.............. 0.85504 0.82915 0.81827 0.81125 0.80625 0.79191 0.78357
IS.............. 0.87100 0.84877 0.83942 0.83339 0.82910 0.81646 0.80891
16.............. 0.88631 0.86757 0.85968 0.85460 0.85097 0.84003 0.83329
17;............. 0.90098 0.88567 0.87919 0.87498 0.87194 0.86266 0.85675
18.............. 0.91499 0.90307 0.89792 0.89451 0.89201 0.88439 0.87929
19.............. 0.92834 0.91971 0.91582 0.91319 0.91123 0.90524 0.90096
20.............. 0.94106 0.93544 0.93283 0.93101 0.92962 0.92524 0.92177
21.............. 0.95376 0.95002 0.94821 0.94693 0.94593 0.94267 0.93997
22.............. 0.96518 0.96286 0.96170 0.96086 0.96019 0.95797 0.95596
23.............. 0.97544 0.97415 0.97348 0.97299 0.97260 0.97121 0.96982
24.............. 0.98426 0.98365 0.98332 0.98308 0.98288 0.98212 0.98125

TABLE252. EAST MODEL VALUES FORPROBABILITY OF SURVIVING FROMBIRTH'/(x).
FORAOESUPTO 15.BOTH SEXES COMBINED: SEXRATIOATBIRTHOF 1.03

1N6tIIIi1i"of..... /fxJ
l6fIl 1(1) 1(2) 1(3) 1(") 1(5) 1(10) 1(15)

1.............. 0.53297 0.46346 0.43423 0.41534 0.40191 0.37334 0.35964
2.............. 0.57057 0.50270 0.47415 0.45569 0.44258 0.41385 0.39994
3.............. 0.60485 0.53921 0.51160 0.49377 0.48108 0.45255 0.43860
4.............. 0.63633 0.57336 0.54688 0.52978 0.51761 0.48957 0.47574
5.............. 0.66538 0.60543 0.58022 0.56393 0.55235 0.52506 0.51145
6.............. 0.69234 0.63564 0.61180 0.59641 0.58545 0.55910 0.54583
7.............. 0.71746 0.66420 0.64180 0.62734 0.61705 0.59180 0.57896
8.............. 0.74096 0.69125 0.67036 0.65686 0.64726 0.62325 0.61092
9.............. 0.76300 0.71694 0.69758 0.68507 0.67618 0.65353 0.64176

10.............. 0.78375 0.74139 0.72359 0.71209 0.70390 0.68272 0.67155
II .............. 0.80315 0.76516 0.74919 0.73888 0.73154 0.71208 0.70151
12.............. 0.82107 0.78733 0.77315 0.76399 0.75747 0.73971 0.72984
13.............. 0.83835 0.80864 0.79614 0.78808 0.78234 0.76629 0.75717
14.............. 0.85498 0.82909 0.81821 0.8/119 0.80619 0.79185 0.78351
15.............. 0.87094 0.84871 0.83937 0.83333 0.82904 0.81640 0.80885
16.............. 0.88626 0.86751 0.85963 0.85454 0.85092 0.83997 0.83323
17.............. 0.90093 0.88562 0.87914 0.87493 0.87189 0.86261 0.85670
18.............. 0.91495 0.90303 0.89787 0.89447 0.89197 0.88435 0.87925
19.............. 0.92831 0.91967 0.91579 0.91316 0.91119 0.90520 0.90091
20.............. 0.94103 0.93541 0.93279 0.93098 0.92959 0.92521 0.92174
21.............. 0.95374 0.94999 0.94819 0.94690 0.94590 0.94264 0.93994
22.............. 0.96516 0.96284 0.96168 0.96083 0.96017 0.95794 0.95593
23.............. 0.97543 0.97414 0.97347 0.97298 0.97258 0.97120 0.96980
24.............. 0.98425 0.98364 0.98331 0.98307 0.98287 0.98210 0.98124
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TABLE253. EAST MODEL VALUES FORPROBABILITY OF SURVIVING nOM BIRTH./(x).
FORAGESUPTO 15.10TH SEXES COMBINED: SEXRATIOAT BIRTHOF 1.04

hfllltl6l1i"of-.I'" /(")
u.I 1(1) 1(2) 1(3) 1(4) 1(') 1(10) 1(15)

1.............. 0.53278 0.46330 0.43407 0.41519 0.40176 0.37321 0.35953
2.............. 0.57040 0.50254 0.47400 0.45555 0.44245 0.41372 0.39983
3.............. 0.60470 0.53907 0.51146 0.49363 0.48095 0.45243 0.43849
4.............. 0.63618 0.57322 0.54675 0.52965 0.51749 0.48946 0.47564
5.............. 0.66525 0.60530 0.58010 0.56381 0.55224 0.52495 0.51135
6.............. 0.69221 0.63552 0.61169 0.59630 0.58534 0.55900 0.54574
7.............. 0.71734 0.66409 0.64169 0.62724 0.6\695 0.59\70 0.57887
8.............. 0.74085 0.69115 0.67026 0.65676 0.64716 0.62316 0.6\084
9.............. 0.76290 0.71685 0.69749 0.68498 0.67609 0.65345 0.64168

10.............. 0.78366 0.74130 0.72350 0.71200 0.70382 0.68264 0.67147
11.............. 0.80307 0.16508 0.74911 0.73881 0.73146 0.71201 0.70144
12.............. 0.82100 0.18725 0.77307 0.76392 0.75739 0.73964 0.72978
13.............. 0.83828 0.80857 0.79607 0.78801 0.18221 0.76622 0.75111
14.............. 0.85491 0.82902 0.81814 0.811\2 0.806\3 0.79\78 0.78345
15.............. 0.87089 0.84865 0.8393\ 0.83327 0.82898 0.81634 0.80879
\6.............. 0.88621 0.86746 0.85957 0.85449 0.85086 0.83992 0.83318
17.............. 0.90089 0.88558 0.87909 0.87488 0.81184 0.86257 0.85665
18.............. 0.9\491 0.90299 0.89783 0.89443 0.89193 0.88431 0.87920
19.............. 0.92827 0.91963 0.91575 0.9\3\2 0.91115 0.90516 0.90087
20.............. 0.94\00 0.93538 0.93276 0.93095 0.92955 0.92517 0.92170
2\.............. 0.95371 0.94997 0.948\6 0.94687 0.94588 0.94261 0.93991
22.............. 0.96514 0.96282 0.96165 0.96081 0.96015 0.95192 0.9559\
23.............. 0.9754\ 0.97412 0.97345 0.97296 0.97256 0.97118 0.96978
24.............. 0.98424 0.98363 0.98330 0.98306 0.98286 0.98209 0.98122

TABLE254. EAST MODEL VALUES FORPROBABILITY OF SURVIVING FROMBIRTH. I (x l.
FORAGESUPTO \5. 10TH SEXES COMBINED: SEXRATIOATBIRTHOF 1.05

hfllltl6llitzot-.lwllJ, /(")

I.-I 1(1) 1(2) 1(3) 1(4) 1(') /(101 /(lS)

\.............. 0.53260 0.46313 0.43392 0.41504 0.40162 0.37308 0.35941
2.............. 0.57023 0.50239 0.47385 0.4554\ 0.44231 0.41360 0.39972
3.............. 0.60454 0.53892 0.S1132 0.49350 0.48082 0.45231 0.43839
4.............. 0.63603 0.57309 0.54662 0.52953 0.5\137 0.48935 0.47554
5.............. 0.665\1 0.605\8 0.57998 0.56370 0.55212 0.52484 0.51126
6.............. 0.69209 0.63540 0.611S7 0.59619 0.58524 0.55890 0.54565
7.............. 0.71723 0.66398 0.64\59 0.62713 0.6\684 0.59161 0.57879·
8.............. 0.74074 0.69105 0.670\6 0.65667 0.64707 0.62307 0.61075
9.............. 0.7628\ 0.71675 0.69740 0.68489 0.67600 0.65337 0.64160

\0.............. 0.78357 0.74\22 0.72342 0.7\192 0.70374 0.68256 0.67140
1\.............. 0.80299 0.76500 0.74903 0.73873 0.73138 0.7\194 0.10137
\2.............. 0.82092 0.787\8 0.77300 0.76385 0.75732 0.73957 0.12971
13.............. 0.8382\ 0.80850 0.79600 0.78794 0.78220 0.76615 0.15704
\4.............. 0.85485 0.82896 0.81808 0.8\106 0.80606 0.79172 0.18338
15.............. 0.87083 0.84859 0.83925 0.83322 0.82892 0.81628 0.80873
16.............. 0.88615 0.86741 0.85952 0.85444 0.85081 0.83987 0.83313
17.............. 0.90084 0.88553 0.87905 0.87483 0.87179 0.86252 '0.85660
18.............. 0.91481 0.90295 0.89779 0.89439 0.89188 0.88426 0.87915
19.............. 0.92824 0.91960 0.91571 0.91308 0.91112 0.90512 0.90083
20.............. 0.94097 0.93535 0.93273 0.9309\ 0.92952 0.925\4 0.92166
21.............. 0.95369 0.94994 0.948\3 0.94685 0.94585 0.94258 0.93987
22.............. 0.96512 0.96280 0:96163 0.96079 0.960\3 0.95789 0.95588
23.............. 0.97540 0.97411 0.97344 0.97294 0.97255 0.97\16 0.96976
24.............. 0.98423 0.98362 0.98329 0.98305 0.98284 0.98208 0.98121
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TAlLE255. EAST MODEL VALUES FOR PROBABILITY OF SURVIVINO FROM BIRTH./(x).
FOR AOES UP TO IS.10TH SEXES COMIINED: SEX RATIO AT BIRTH OF 1.06

lJ!ItJf(-nUf ~zJ

l.-I 1(1) 1(2) 1(3) 1(4) I(S) 1(10) I(IS)

I.............. 0.53242 0.46297 0.43377 0.41490 0.40148 0.37295 0.35929
.2.............. 0.57006 0.50223 0.47371 0.45528 0.44218 0.41348 0.39960
3.............. 0.60438 0.53878 0.51119 0.49337 0.48070 0.45219 0.43828
4.............. 0.63589 0.57296 0.54649 0.52941 0.51725 0.48923 0.47544
5.............. 0.66498 0.60505 0.57986 0.56358 0.55201 0.52474 0.51116
6.............. 0.69197 0.63529 0.61146 0.59608 0.58513 0.55880 0.54556
.7.............. 0.71712 0.66387 0.64148 0.62703 0.61674 0.59151 0.57870
8.............. 0.74064 0.69095 0.67006 0.65657 0.64697 0.62299 0.61067
9.............. 0.76271 0.71666 0.69731 0.68481 0.67591 0.65328 0.64153

10.............. 0.78348 0.74113 0.72333 0.71184 0.70366 0.68248 0.67133
11.............. 0.80291 0.76492 0.74896 0.73865 0.73131 0.71186 0.70130
12.............. 0.82085 0.78711 0.77293 0.76377 0.75725 0.73950 0.72964
13.............. 0.83814 0.80843 0.79594 0.78788 0.78214 0.76609 0.75698
14.............. 0.85479 0.82890 0.81802 0.81100 0.80600 0.79166 0.78332
IS.............. 0.87077 0.84854 0.83919 0.83316 0.82886 0.81623 0.80868
16.............. 0.88610 0.86736 0.85947 0.85439 0.85076 0.83981 0.83307
17.............. 0.90080 0.88548 0.87900 0.87479 0.87175 0.86247 0.85655
18.............. 0.91483 0.90291 0.89775 0.89434 0.89184 0.88422 0.87911
19.............. 0.92820 0.91956 0.91568 0.91305 0.91108 0.90508 0.90079
20.............. 0.94094 0.93532 0.93270 0.93088 0.92949 0.92S11 0.92163
21.............. 0.95366 0.94992 0.94811 0.94682 0.94582 0.94255 0.93984
22.............. 0.96510 0.96278 0.96161 0.96077 0.96011 0.95787 0.95586
23.............. 0.97539 0.97409 0.97342 0.97293 0.97253 0.97114 0.96975
24.............. 0.98422 0.98361 0.98328 0.98303 0.98283 0.98207 0.98120

TAlLE256. EAST MODEL VALUES FOR PROBABILITY OF SURVIVINO FROM BIRTH. I (X ).
FOR AOES UP TO IS.10TH SEXES COMBINED: SEXRATIO AT BIRTH OF 1.07

1'NbtI6IIl711/-n0l4 ~1CJ

l.-I 1(1) 1(2) /(3) /(4) /(5) /(10) /(15)

1.............. 0.53223 0.46281 0.43362 0.41476 0.40134 0.37283 0.35918
2.............. 0.56990 0.50208 0.47357 0.45514 0.44205 0.41336 0.39950
3.............. 0.60423 0.53864 0.SII05 0.49325 0.48057 0.45208 0.43818
4.............. 0.63575 0.57283 0.54637 0.52929 0.51713 0.48912 0.47534
5.............. 0.66485 0.60493 0.57974 0.56347 0.55190 0.52463 0.51107
6.............. 0.69185 0.63517 0.61/35 0.59597 0.58502 0.55870 0.54547
7.............. 0.71700 0.66377 0.64138 0.62693 0.61665 0.59142 0.57861
8.............. 0.74054 0.69085 0.66996 0.65648 0.64688 0.62290 0.61059
9.............. 0.76262 0.71657 0.69722 0.68472 0.67582 0.65320 0.64145

10.............. 0.78339 0.74105 0.72325 0.71176 0.70358 0.68240 0.67126
II.............. 0.80283 0.76484 0.74888 0.73858 0.73123 0.71179 0.70123
12.............. 0.82077 0.78703 0.77285 0.76370 0.75718 0.73943 0.72958
13.............. 0.83807 0.80836 0.79587 0.78781 0.78207 0.76602 0.75692
14.............. 0.85473 0.82884 0.81796 0.81094 0.80594 0.79160 0.78326
IS.............. 0.87072 0.84848 0.83913 0.83310 0.82881 0;81617 0.80862
16.............. 0.88605 0.86730 0.85942 0.85433 0.85071 0.83976 0.83302
17.............. 0.90075 0.88543 0.87895 0.87474 0.87170 0.86242 0.85650
18.............. 0.91479 0.90286 0.89771 0.89430 0.89180 0.88418 0.87907
19.............. 0.92817 0.91953 0.91564 0.91301 0.91104 0.90504 0.90075
20.............. 0.94092 0.93529 0.93267 0.93085 0.92946 0.92507 0.92159
21.............. 0.95364 0.94989 0.94808 0.94679 0.94579 0.94252 0.93981
22.............. 0.96508 0.96276 0.96159 0.96075 0.96009 0.95785 0.95583
23.............. 0.97537 0.97408 0.97341 0.97291 0.97252 0.97113 0.96973
24.............. 0.98421 0.98360 0.98327 0.98302 0.98282 0.98206 0.98118
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TABLE257. WEST MODEL VALUES FORPROBABILITY OF SURVIVING FROMBIRTH./(X I.
FORAGESUPTO 15.BOTH SEXES COMBINED: SEXRATIOAT BIRTH OF 1.02.

1'rlIbtt6Ilityo{lWI'YIJi"" /(x)

l.-t 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) I(IS)

1.............. 0.60761 0.52630 0.49027 0.46683 0.44924 0.41762 0.39552
2.............. 0.64122 0.56332 0.52880 0.50634 0.48949 0.45811 0.43604
3.............. 0.67151 0.59738 0.56453 0.54317 0.52713 0.49634 0.47453
4.............. 0.69903 0.62892 0.59784 0.57763 0.56247 0.53251 0.51118
5.............. 0.72420 0.65824 0.62901 0.61000 0.59574 0.56682 0.54612
6.............. 0.74738 0.68565 0.65830 0.64050 0.62716 0.59943 0.57949
7.............. 0.76881 0.71135 0.68589 0.66933 0.65690 0.63049 0.61142
8.............. 0.78872 0.73552 0.71196 0.69662 0.68512 0.66013 0.64200
9.............. 0.80729 0.75833 0.73665 0.72254 0.71195 0.68846 0.67134

10.............. 0.82467 0.77992 0.76008 0.74719 0.73751 0.71557 0.69953
I I.............. 0.84098 0.80037 0.78237 0.77068 0.76190 0.74155 0.72661
12.............. 0.85634 0.81980 0.80362 0.79309 0.78519 0.76647 0.75269
13.............. 0.87103 0.83915 0.82503 0.81584 0.80895 0.79198 0.77950
14.............. 0.88490 0.85767 0.84560 0.83776 0.83187 0.81670 0.80552
IS.............. 0.89753 0.87434 0.86401 0.85726 0.85218 0.83871 0.82870
16.............. 0.90974 0.89041 0.88170 0.87596 0.87158 0.85979 0.85098
17.............. 0.92148 0.90596 0.89874 0.89388 0.89010 0.87997 0.87234
18.............. 0.93275 0.92069 0.91490 0.91091 0.90778 0.89928 0.89283
19.............. 0.94353 0.93462 0.93021 0.92711 0.92465 0.91774 0.91246
20.............. 0.95380 0.94779 0.94471 0.94252 0.94075 0.93541 0.93128
21.............. 0.96403 0.96028 0.95829 0.95686 0.95568 0.95179 0.94867
22.............. 0.97327 0.97098 0.96973 0.96881 0.96805 0.96532 0.96310
23.............. 0.98166 0.98044 0.97975 0.97923 0.97880 0.97708 0.97564
24.............. 0.98884 0.98830 0.98799 0.98775 0.98755 0.98662 0.98579

TABLE258. WEST MODEL VALUES FORPROBABILITY OF SURVIVING FROMBIRTH./(X I,
FORAGESUPTO 15,BOTH SEXES COMBINED: SEXRATIOATBIRTHOF 1.03

1'rlIbtt6Ilityof""""'" /(x)

l.-t 1(1) 1(2) /(3) 1(4) /(5) 1(10) I(IS)

I .............. 0.60748 0.52619 0.49016 0:46673 0.44915 0.41754 0.39545
2.............. 0.64110 0.56321 0.52870 0.50624 0.48940 0.45804 0.43597
3.............. 0.67140 0.59728 0.56444 0.54308 0.52705 0.49626 0.47447
4.............. 0.69892 0.62882 0.59775 0.57755 0.56239 0.53243 0.51112
5.............. 0.72411 0.65815 0.62893 0.60992 0.59566 0.56675 0.54606
6.............. 0.74729 0.68557 0.65822 0.64043 0.62709 0.59936 0.57943
7.............. 0.76873 0.71127 0.68581 0.66925 0.65683 0.63043 0.61136
8.............. 0.78864 0.73545 0.71188 0.69655 0.68505 0.66007 0.64195
9.............. 0.80722 0.75826 0.73658 0.72247 0.71189 0.68840 0.67129

10.............. 0.82460 0.77985 0.76002 0.74713 0.73745 0.71551 0.69948
11.............. 0.84092 0.80031 0.78231 0.77062 0.76184 0.74149 0.72656
12.............. 0.85628 0.81975 0.80356 0.79303 0.78514 0.76642 0.75264
13.............. 0.87097 0.83910 0.82498 0.81579 0.80890 0.79194 0.77946
14.............. 0.88485 0.85762 0.84556 0.83771 0.83183 0.81666 0:80548
15.............. 0.89749 0.87429 0.86397 0.85722 0.85213 0.83867 0.82866
16.............. 0.90970 0.89036 0.88165 0.87591 0.87154 0.85975 0.85094
17.............. 0.92145 0.90592 0.89870 0.89384 0.89006 0.87993 0.87230
18.............. 0.93272 0.92066 0.91486 0.91087 0.90774 0.89924 0.89278
19.............. 0.94349 0.93459 0.93017 0.92708 0.92461 0.91770 0.91242
20.............. 0.95377 0.94776 0.94468 0.94249 0.94072 0.93538 0.93124
21 .............. 0.96400 0.96025 0.95826 0.95683 0.95565 0.95175 0.94863
22.............. 0.97325 0.97096 0.96971 0.96879 0.96802 0.96530 0.96307
23............... 0.98165 0.98043 0.97973 0.97922 0.97879 0.97706 0.97562
24.............. 0.98883 0.98829 0.98797 0.98773 0.98754 0.98660 0.98578
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TAILE259. WEST MODEL VALUES FOR PROIAIILlTY OF SURVIVING FROM BIRTH. I (X ).
FORAGES upro 15,10TH SEXES COMBINED: SEXRATIO AT BIRTH OF 1.04

i'NbIIbUIl, II{-.;.... I(x}

'-' 1(1) 1(1) 1(3) 1(4) 1(5) 1(10) 1(15)

1.............. 0.60735 0.52607 0.49006 0.46663 0.44905 0.41746 0.39538
2.............. 0.64098 0.56311 0.52860 0.50615 0.48931 0.45796 0.43591
3.............. 0.67129 0.59718 0.56434 0.54299 0.52696 0.49618 0.47441
4.............. 0.69882 0.62873 059766 0.57746 0.56231 0.53236 0.51106
5.............. 0.72401 0.65807 0.62885 0.60984 0.59558 0.56668 0.54600
6.............. 0.74720 0.68548 0.65814 0.64035 0.62701 0.59929 0.57938
7.............. 0.76864 0.71119 0.68574 0.66918 0.6S676 0.63036 0.61130
8.-........... 0.788S6 0.73538 0.71181 0.69649 0.68499 0.66001 0.64190
9.............. 0.80715 0.75820 0.73652 0.72241 0.71183 0.68834 0.67124

10.............. 0.82454 0.77979 0.75996 0.74706 0.73739 0.71546 0.69942
11.............. 0.84086 0.80025 0.78226 0.77056 0.76178 0.74144 0.72652
12.............. 0.85622 0.81969 0.80351 0.79298 0.78508 0.76637 0.75260
13.............. 0.87092 0.83905 0.82493 0.81575 0.80885 0.79189 0.77943
14.............. 0.88480 0.85757 0.84551 0.83767 0.83178 0.81662 0.80544
15.............. 0.89744 0.87425 0.86393 0.85718 0.85209 0.83862 0.82862
16.............. 0.90966 0.89032 0.88161 0.87587 0.87149 0.85971 0.85089
17.............. 0.92141 0.90588 0.89866 0.89380 0.89002 0.87989 0.87226
18.............. 0.93268 0.92062 0.91483 0.91084 0.90770 0.89920 0.89274
19.............. 0.94346 0.93456 0.93014 0.92704 0.92458 0.91767 0.91238
20.............. 0.95375 0.94773 0.94465 0.94246 0.94068 0.93534 0.93120
21.............. 0.96398 0.96023 0.95824 0.95680 0.95S63 0.95172 0.94860
22.............. 0.97323 0.97094 0.96969 0.96876 0.96800 0.96527 0.96304
23.............. 0.98163 0.98041 0.97971 0.97920 0.97877 0.97704 0.97560
24.............. 0.98882 0.98828 0.98796 0.98772 0.98753 0.98659 0.98576

TAlLE260. WEST MODEL VALUES FOR PROBABILITY OF SURVIVING FROM IIRTH.I (X ),
FOR AGES upro IS,10TH SEXESCOMIINED: SEXRATIO AT IIRTHOF J.05

1\tIIII9r.,........x}

'-' 1(1) 1(1) 1(3) 1(4) 1(5) 1(10) l(lS)

I.............. 0.60722 0.52596 0.48996 0.46653 0.44896 0.41738 0.39531
2.............. 0.64086 0.56300 0.52850 0.S0606 0.48922 0.45788 0.43584
3.............. 0.67118 0.59709 0.56425 0.54290 0.52688 0.49611 0.47434
4.............. 0.69872 0.62864 0.59758 0.57738 0.56223 0.53229 0.51099
5............... 0.72392 0.65798 0.62876 0.60976 0.59551 0.56661 0.54594
6.............. 0.74711 0.68540 0.65806 0.64027 0.62694 0.59923 0.57932
7.............. 0.768S6 0.71111 0.68566 0.66911 0.65669 0.63030 0.61125
8.............. 0.78849 0.73531 0.71175 0.69642 0.68492 0.65994 0.64184
9.............. 0.80708 0.75813 0.73645 0.72234 0.71176 0.68828 0.67119

10.............. 0.82447 0.77972 0.75989 0.74700 0.73733 0.71540 0.69937
11.............. 0.84080 0.80019 0.78220 0.77050 0.76173 0.74139 0.72647
12.............. 0.85611 0.81963 0.80345 0.79292 0.78503 0.76632 0.75255
13.............. 0.87087 0.83900 0.82489 0.81570 0.80881 0.79185 0.77939
14.............. 0.88476 0.85753 0.84547 0.83763 0.83174 o:BI658 0.80540
15.............. 0.89740 0.87421 0.86388 0.85713 0.85205 0.83858 0.82857
16.............. 0.90962 0.89028 0.88157 0.87583 0.87145 0.85966 0.85085
17.............. 0.92137 0.90584 0.89862 0.89376 0.88998 0.87985 0.87222
18.............. 0.93265 0.92058 0.91479 0.91080 0.90766 0.89916 0.89270
19.............. 0.94343 0.93453 0.93011 0.92701 0.92454 0.91763 0.91234
20.............. 0.95372 0.94770 0.94462 0.94243 0.94065 0.93531 0.93117
21.............. 0.96395 0.96020 0.95821 0.95678 0.95560 0.95169 0.948S6
22.............. 0.97321 0.97092 0.96967 0.96874 0.96798 0.96524 0.96301
23.............. 0.98162 0.98039 0.97970 0.97918 0.97875 0.97702 0.97558
24.............. 0.98881 0.98827 0.98795 0.98771 0.98751 0.98658 0.98575
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TABLE261. WEST MODEL VALUES FORPROBABILITY OFSURVIVING FROMBIRTH./(X ).
FORAOESUPTO 15.BOTH SEXES COMBINED: SEXRATIO AT BIRTH OF 1.06

1'robtIbI1it,of..,;w"" /(")

lINI 1(1) 1(2) 1(3) 1(4) 1\5) 1(10) 1(15)

I .............. 0.60709 0.52585 0.48985 0.46644 0.44887 0.41730 0.39525
2.............. 0.64074 0.56290 0.52841 0.50596 0.48913 0.45780 0.43578
3.............. 0.67107 0.59699 0.56416 0.54281 0.52679 0.49604 0.47428
4.............. 0.69862 0.62854 0.59749 0.57729 0.56215 0.53222 0.51093
5.............. 0.72382 0.65789 0.62868 0.60968 0.59543 0.56654 0.54588
6.............. 0.74702 0.68532 0.65799 0.64020 0.62687 0.59916 0.57926
7.............. 0.76848 0.71103 0.68559 0.66904 0.65662 0.63024 0.61119
8.............. 0.7884.1 0.73523 0.71168 0.69635 0.68485 0.65988 0.64179
9.............. 0.80701 0.75806 0.73639 0.72228 0.71170 0.68822 0.67113

10.............. 0.82440 0.77966 0.75983 0.74694 0.73727 0.71534 0.69932
11.............. 0.84074 0.80013 0.78214 0.77044 0.76167 0.74133 0.72642
12.............. 0.85611 0.81958 0,80340 0.79287 0.78498 0.76627 0.75250
13.............. 0.87082 0.83895 0.82484 0.81565 0.80877 0.79181 0.77935
14.............. 0.88471 0.85749 0.84543 0.83758 0.83170 0.81653 0.80536
15.............. 0.89736 0.87416 0.86384 0.85709 0.85200 0.83854 0.82853
16.............. 0.90958 0.89024 0.88153 0.87579 0.87141 0.85962 0.85081
17.............. 0.92133 0.90580 0.89858 0.89372 0.88994 0.87981 0.87218
18.............. 0.93262 0.92055 0.91475 0.91076 0.90763 0.89912 0.89266
19.............. 0.94340 0.93449 0.93007 0.92698 0.92451 0.91759 0.91230
20.............. 0.95369 0.94767 0.94459 0.94239 0.94062 0.93527 0.93113
21.............. 0.96393 0.96018 0.95818 0.95675 0.95557 0.95166 0.94853
22.............. 0.97319 0.97090 0.96964 0.96872 0.96796 0.96522 0.96299
23.............. 0.98160 0.98038 0.97968 0.97917 0.97873 0.97701 0.97555
24.............. 0.98880 0.98826 0.98794 0.98770 0.98750 0.98656 0.98573

TABLE262. WEST MODEL VALUES FORPROBABILITY OF SURVIVING FROMBIRTH./(X ).
FORAOESUPTO IS. BOTH SEXES COMBINED: SEXRATIOATBIRTHOF 1.07

1'robtIbI1i,,~ /(")
lINI 1(1) 1(2) 1(3) 1(4) 1(5) 1(10) 1(15)

1.............. 0.60696 0.52574 0.48975 0.46634 0.44878 0.41722 0.39518
2.............. 0.64063 0.56280 0.52831 0.50587 0.48905 0.45773 0.43572
3.............. 0.67096 0.59689 0.56407 0.54273 0.52671 0.49596 0.47422
4.............. 0.69852 0.62845 0.59740 0.57721 0.56207 0.53215 0.51087
5.............. 0.72373 0.65781 0.62860 0.60960 0.59535 0.56647 0.54582
6........·...... 0.74694 0.68524 0.65791 0.64012 0.62679 0.59910 0.57921
7.............. 0.76840 0.71096 0.68552 0.66897 0.65655 0.63018 0.61 \14
8.............. 0.78834 0.73516. 0.71161 0.69628 0.68479 0.65982 0.64174
9.............. 0.80694 0.75799 0.73632 0.72221. 0.71164 0.68817 0.67108

10.............. 0.82434 0.77960 0.75977 0.74688 0.73721 0.71529 0.69928
11.............. 0.84068 0.80007 0.78208 0.77039 0.76161 0.74128 0.72637
12.............. 0.85605 0.81952 0.80334 0.79282 0.78493 0.76622 0.75246
13.............. 0.87077 0.83891 0.82479 0.81561 0.80872 0.79177 0.77931
14.............. 0.88467 0.85744 0.84538 0.83754 0.83165 0.81649 0.80532
15.............. 0.89732 0.87412 0.86380 0.85705 0.85196 0.83850 0.82849
16.............. 0.90954 0.89020 0.88148 0.87575 0.87131 0.85958 0.85077
17.............. 0.92130 0.90576 0.89854 0.89368 0.88990 0.87977 0.87214
18.............. 0.93258 0.92051 0.91472 0.91073 0.90759 0.89909 0.89262
19.............. 0.94337 0.93446 0.93004 0.92694 0.~447 0.91756 0.91227
20.............. 0.95366 0.94764 0.94456 0.94236 O. 59 0.93524 0.93109
21.............. 0.96391 0.96015 0.95816 0.95672 0.9 ~S4 0.95163 0.94850
22.............. 0.97317 0.97088 0.96962 0.96870 0.96193 0.96519 0.96296
23.............. 0.98159 0.98036 0.97966 0.97915 0.97872 0.97699 0.97553
24.............. 0.98879 0.98825 0.98793 0.98769 0.98749 0.98655 0.98572
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..4..-xX

FIVE-YEAR ANDTEN-YEAR SURVIVORSHIP PROBABILITIES
FROM COALE-DEMENY MODEL LIFE TABLES·

TABLE263. FEMALEFIVE·YEAR SURVIVORSHIP PROBABILITIES, sS%.%+4, NORTH MODEL

Sw'IironNpprobtllJi/lly. SS%.% +4./or-.JJlyllwl:
.."

1 3 4 S 6 ,%

0.............. 0.74013 0.76570 0.78829 0.80846 0.82663 0.84313 0.85821 0.87206
5.............. 0.90045 0.90969 0.91794 0.92539 0.93218 0.93839 0.94410 0.94938

10.............. 0.93257 0.93853 0.94388 0.94872 0.95315 0.95720 0.96096 0.96443
15.............. 0.92796 0.93414 0.93969 0.94472 0.94930 0.95351 0.95740 0.96101
20.............. 0.91765 0.92463 0.93090 0.93659 0.94178 0.94655 0.95094 0.95503
25.............. 0.90378 0.91198 0.91936 0.92604 0.93215 0.93776 0.94293 0.94774
30.............. 0.88861 0.89815 0.90673 0.91451 0.92160 0.92811 0.93414 0.93973
35.............. 0.87763 0.88796 0.89725 0.90566 0.91333 0.92036 0.92688 0.93291
40.............. 0.87057 0.88120 0.89073 0.89936 0.90725 0.91450 0.92119 0.92738
45.............. 0.85599 0.86732 0.87752. 0.88675 0.89518 0.90293 0.91008 0.91673
so.............. 0.81947 0.83326 0.84566 0.85692 0.86719 0.87667 0.88541 0.89353
55.............. 0.75525 0.77348 0.78988 0.80478 0.81840 0.83095 0.84257 0.85334
60.............. 0.66237 0.68609 0.70755 0.72708 0.74495 0.76141 0.77665 0.79082
65.............. 0.53580 0.56611 0.59356 0.61857 0.64150 0.66270 0.68232 0.70059
70......,....... 0.38881 0.42514 0.45796 0.48793 0.51543 0.54078 0.56432 0.58625
75+·........ 0.24668 0.26908 0.28773 0.30411 0.31885 0.33246 0.34540 0.35789

9 10 11 11 13 14 IS 16

0.............. 0.88485 0.89670 0.90772 0.91799 0.92878 0.93907 0.94852 0.95700
5.............. 0.95429 0.95886 0.96314 0.96715 0.97125 0.97519 0.97879 0.98206

10.............. 0.96766 0.97068 0.97351 0.97617 0.97860 0.98110 0.98345 0.98567
15.............. 0.96437 0.96751 0.97045 0.97321 0.97558 0.97812 0.98056 0.98288
20.............. 0.95883 0.96239 0.96572 0.96885 0.97148 0.97432 0.97704 0.97966
25.............. 0.95221 0.95639 0.96031 0.96398 0.96714 0.97042 0.97358 0.97662
30.............. 0.94493 0.94979 0.95434 0.95862 0.96235 0.96610 0.96972 0.97321
35.............. 0.93853 0.94378 0.94870 0.95331 0.95727 0.96118 0.96501 0.96872
40.............. 0.93316 0.93855 0.94361 0.94835 0.95235 0.95619 0.95998 0.96371
45.............. 0.92290 0.92869 0.93410 0.93919 0.94345 0.94737 0.95131 0.95523
so.............. 0.90110 0.90819 0.91483 0.92106 0.92638 0.93104 0.93576 0.94049
55......;....... 0.86340 0.87279 0.88162 0.88997 0.89706 0.90313 0.90929 0.91550
60.............. 0.80406 0.81644 0.82807 0.83912 0.84825 0.85614 0.86418 0.87233
65.............. 0.71768 0.73370 0.74873 0.76315 0.77468 0.78471 0.79498 0.80549
70.............. 0.60671 0.62589 0.64392 0.66154 0.67498 0.68672 0.69883 0.71127
75+· ........ 0.37009 0.38213 0.39410 0.40636 0.41680 0.42674 0.43725 0.44829

17 l' 19 10 11 11 13 14

0..;........... 0.96464 0.97156 0.97785 0.98362 0.98894 0.99401 0.99649 0.99823
5.............. 0.98507 0.98782 0.99035 0.99271 0.99490 0.99701 0.99818 0.99903

10.............. 0.98774 0.98967 0.99149 0.99319 0.99478 0.99631 0.99765 0.99858
15.............. 0.98508 0.98717 0.98914 0.99100 0.99275 0.99444 0.99639 0.99768
20.............. 0.98217 0.98456 0.98681 0.98895 0.99098 0.99292 0.99528 0.99689
25.............. 0.97954 0.98231 0.98494 0.98744 0.98979 0.99207 0.99456 0.99641
30.............. 0.97655 0.97975 0.98278 0.98567 0.98839 0.99103 0.99365 0.99579
35.............. 0.97231 0.97576 0.97907 0.98224 0.98524 0.98816 0.99119 0.99386
40.............. 0.96738 0.97095 0.97440 0.97773 0.98092 0.98400 0.98741 0.99073
45.............. 0.95911 0.96294 0.96668 0.97032 0.97383 0.97725 0.98119 0.98538
SO.............. 0.94522 0.94990 0.95451 0.95902 0.96339 ·0.96745 0.97256 0.97815
55.............. 0.92172 0.92793 0.93406 0.94007 0.94592 0.95114 0.95815 0.96597
60.............. 0.88055 0.88879 0.89697 0.90504 0.91294 0.92012 0.93011 0.94154
65.............. 0.81614 0.82686 0.83757 0.84820 0.85865 0.86827 0.88220 0.89855
70.............. 0.72396 0.73682 0.74974 0.76261 0.77536 0.78721 0.80511 0.82668
75+·........ 0.45980 0.47171 0.48393 0.49633 0.50882 0.52089 0.53681 0.55484

• Value listedforage 75+ is 1'(80)/1'(75).
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TABLE264. FEMALEFIVE·YEAR SURVIVORSHIP PROBABILITIES. ,Sx ;Jt +4' SOUTH MODEL

~ J1IY1btI6iIiI,. J.SJt • Jt +4'/.""''' '-':
A" 2 3 <I j 6 1 •Jt

0.............. 0.73046 0.75838 0.78287 0.80461 0.82407 0.84166 0.85765 0.87228
5.............. 0.92985 0.93648 0.94245 0.94788 0.95284 0.95741 0.96164 0.96556

10.............. 0.94323 0.94836 0.95297 0.95720 0.96106 0.96465 0.96795 0.97104
15.............. 0.92649 0.93305 0.93895 0.94436 0.94930 0.95386 0.95810 0.96204
20.............. 0.91544 0.92289 0.92965 0.93580 0.94144 0.94663 0.95145 0.95594
25.............. 0.91064 0.91846 0.92555 0.93199 0.93791 0.94336 0.94842 0.95312
30.............. 0.90656 0.91469 0.92200 0.92867 0.93479 0.94044 0.94567 0.9S054
35.............. 0.90368 0.91181 0.91915 0.92583 0.93195 0.93760 0.94283 0.94771
40..........;... 0.90076 0.90874 0.91599 0.92257 0.92860 0.93416 0.93931 0.94411
45.............. 0.88425 0.89316 0.90122 0.90856 0.91530 0.92154 0.92730 0.93266
SO.............. 0.84772 0.85910 0.86940 0.87877 0.88740 0.89535 0.90274 0.90962
55.............. 0.77684 0.79309 0.80780 0.82124 0.83360 0.84503 0.85566 0.86558
60.............. 0.66779 0.69096 0.71196 0.73116 0.74886 0.76523 0.78045 0.79465
65.............. 0.52979 0.55946 0.58651 0.61131 0.63422 0.65542 0.67514 0.69358
70.............. 0.36504 0.40003 0.43189 0.46113 0.48813 0.51319 0.53646 0.55826
75+·........ 0.22194 0.24664 0.26706 0.28474 0.30058 0.31518 0.32887 0.34197

9 /0 JJ 12 JJ U IS 16

0.............. 0.88573 0.89862 0.91067 0.92169 0.93178 0.94107 0.94964 0.95758
5.............. 0.96922 0.97293 0.97633 0.97943 0.98228 0.98493 0.98736 0.98~3

10.............. 0.97392 0.97648 0.97922 0.98176 0.98412 0.98629 0.98832 0.99019
15.............. 0.96572 0.96891 0.97244 0.97570 0.97873 0.98153 0.98414 0.98659
20.............. 0.96013 0.96379 0.96774 0.97142 0.97484 0.97803 0.98102 0.98381
25.............. 0.95752 0.96142 0.96546 0.96924 0.97279 0.97612 0.97924 0.98217
30.............. 0.95S08 0.95918 0.96325 0.96708 0.97069 0.97411 0.97732 0.98036
35.............. 0.95227 0.95635 0.96032 0.96409 0.96767 0.97108 0.97431 0.97740
40.............. 0.94861 0.95265 0.95642 0.96005 0.96354 0.96688 0.97009 0.97317
45.............. 0.93768 0.94236 0.94644 0.95040 0.95424 0.95795 0.96155 O.96SOI
SO.............. 0.91604 0.92211 0.92724 0.93224 0.93712 0.94187 0.94647 0.95092
55.............. 0.87486 0.88367 0.8910/ 0.89822 0.90524 0.91210 0.91877 0.92523
60.............. 0.80796 0.82056 0.83100 0.84/26 0.85133 0.861/8 0.87080 0.88015
65.............. 0.71088 0.72684 0.74031 0.75361 0.76675 0.77969 0.79237 0.80480
70.............. 0.57870 0.59736 0.61297 0.62849 0.64391 0.65919 0.67427 0.68911
75+·........ 0.35468 0.36690 0.37781 0.38909 0.40075 0.4/274 0.42502 0.43754

11 18 19 20 2/ 21 13 14

0.............. 0.96520 0.97244 0.97833 0.98339 0.98772 0.99133 0.99423 0.99647
5.............. 0.99/74 0.99369 0.99506 0.99630 0.99734 0.99818 0.99884 0.99933

10.............. 0.99195 0.99362 0.99508 0.99625 0.99725 0.99807 0.99874 0.99925
IS.............. 0.98887 0.99/03 0.99311 0.99469 0.99606 0.99720 0.99814 0.99886
20.............. 0.98644 0.98892 0.99/37 0.99327 0.99492 0.99634 0.99752 0.99844
25.............. 0.98493 0.98756 0.99004 0.99211 0.99395 0.99556 0.99691 0.99802
30.............. 0.98323 0.98597 0.98843 0.99069 0.99273 0.99454 0.99611 0.99742
35.............. 0.98032 0.983/1 0.98572 0.98821 0.99052 0.99263 0.99453 0.99619
40.............. 0.97611 0.97894 0.98/67 0.98443 0.98706 0.98957 0.99190 0.99405
45.............. 0.96834 0.97148 0.97463 0.97796 0.98122 0.98441 0.98748 0.99040
50.............. 0.95522 0.95925 0.96336 0.96781 0.97223 0.97659 0.98087 0.98S03
55.............. 0.93149 0.93729 0.94333 0.94992 0.95651 0.96306 0.96955 0.97592
60.............. 0.88924 0.89768 0.90668 0.91660 0.92661 0.93673 0.94691 0.95708
65.............. 0.81692 0.82858 0.84121 0.85535 0.86994 0.88501 0.90059 0.91668
70.............. 0.70368 0.7/79/ 0.73387 0.75208 0.77/30 0.79/69 0.8/343 0.83677
75+·........ 0.45024 0.46296 0.47703 0.49271 0.50913 0.52629 0.54414 0.56265

• Valuelistedforage 75+ is 7'(80)/7'(75).
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TABLE 265. FEMALEFlVE·YEAR SURVIVORSHIP PROBABILITIES, sS"." +4- EAST MODEL

Aft
Soni",*"",."",."". 5$"." +4'/« -.Illy 1neI:

" 2 J 4 J 6 1 ,
0.............. 0.79507 0.81567 0.83383 0.85005 0.86466 0.87792 0.89003 0.90117
5.............. 0.94279 0.94777 0.95232 0.95648 0.96031 0.96386 0.96717 0.97026

10.............. 0.95268 0.95665 0.96028 0.96360 0.96665 0.96950 0.97216 0.97464
15.............. 0.93782 0.94297 0.94766 0.95196 0.95595 0.95965 0.96309 0.96631
20.............. 0.92339 0.92972 0.93549 0.94080 0.94571 0.95025 0.95450 0.95846
25.............. 0.91272 0.91993 0.92651 0.93255 0.93812 0.94329 0.94811 0.95263
30............ 0.90462 0.91239 0.91949 0.92599 0.93201 0.93759 0.94279 0.94767
35.............. 0.89886 0.90690 0.91422 0.92094 0.92715 0.93290 0.93828 0.94329
40.............. 0.89328 0.90135 0.90871 0.91545 0.92168 0.92747 0.93286 0.93790
45.............. 0.87467 0.88361 0.89176 0.89925 0.90618 0.91260 0.91859 0.92420
50.............. 0.83061 0.84230 0.85294 0.86274 0.87181 0.88024 0.88809 0.89545
55.............. 0.75735 0.77349 0.78825 0.80181 0.81439 0.82611 0.83702 0.84725
60.............. 0.65404 0.67566 0.69545 0.71368 0.73058 0.74633 0.76104 0.77482
65.............. 0.52734 0.55396 0.57832 0.60087 0.62173 0.64114 0.65931 0.67635
70.............. 0.38606 0.41567 0.44288 0.46806 0.49133 0.51300 0.53331 0.55234
75+· ........ 0.24377 0.26213 0.27814 0.29239 0.30538 0.317S5 0.32915 0.34036

9 /0 /I /1 IJ 14 IJ /6

0.............. 0.91146 0.92099 0.93069 0.93968 0.94783 0.95527 0.96207 0.96832
5.............. 0.97315 0.97587 0.97855 0.98115 0.98356 0.98579 0.98786 0.98978

10.............. 0.97697 0.97916 0.98108 0.98317 0.98513 0.98698 0.98870 0.99032
15.............. 0.96935 0.97220 0.97458 0.97730 0.97985 0.98225 0.98452 0.98664
20............. 0.96219 0.96570 0.96866 0.97196 0.97508 0.97801 0.98079 0.98340
25.............. 0.95686 0.96084 0.96433 0.96798 0.97145 0.97474 0.97786 0.98081
30............ 0.95223 0.95653 0.96037 0.96418 0.96781 0.97129 0.97462 0.97779
35............ 0.94801 0.95245 0.95643 0.96018 0.96382 0.96734 0.97073 0.97401
40............. 0.94262 0.94707 0.95103 0.95463 0.95816 0.96164 0.96503 0.96833
45............. 0.92946 0.93442 0.93877 0.94265 0.94650 0.95031 0.95409 0.95779
so............. 0.90237 0.90889 0.91464 0.91964 0.92464 0.92962 0.93456 0.93945
55.............. 0.85687 0.86594 0.87397 0.88084 0.88774 0.89464 0.90151 0.90833
60.............. 0.78778 0.80003 0.81076 0.81989 0.82910 0.83835 0.84761 0.85683
65.............. 0.69237 0.70750 0.72058 0.73162 0.74282 0.75413 0.76553 0.77697
70............. 0.57025 0.58715 0.60167 0.61370 0.62595 0.63844 0.65110 0.66389
75+·........ 0.35131 0.36213 0.37211 0.38110 0.39056 0.40055 0.41099 0.42190

/1 /' . /9 10 1/ 11 1J 14

0.............. 0.97458 0.98040 0.98567 0.99048 0.99372 0.99610 0.99784 0.99897
5.............. 0.99158 0.99325 0.99483 0.99631 0.99741 0.99829 0.99897 0.99946

10.............. 0.99185 0.99327 0.99462 0.99589 0.99710 0.99799 0.99872 0.99929
15.............. 0.98866 0.99054 0.99233 0.99401 0.99575 0.99701 0.99806 0.99889
20.............. 0.98587 0.98820 0.99040 0.99248 0.99456 0.99615 0.99748 0.99853
25.............. 0.98360 0.98626 0.98875 0.99113 0.99338 0.99524 0.99684 0.99811
30.............. 0.98082 0.98370 0.98644 0.98904 0.99147 0.99368 0.99565 0.99728
35.............. 0.97716 0.98018 0.98308 0.98584 0.98847 0.99111 0.99354 0.99569
40.............. 0.97155 0.97467 0.97767 0.98055 0.98348 0.98663 0.98969 0.99260
45.............. 0.96144 0.96499 0.96844 0.97177 0.97535 0.97938 0.98345 0.98749
SO.............. 0.94426 0.94897 0.95356 0.95802 0.96288 0.96848 0.97424 0.98008
55.............. 0.91506 0.92168 0.92815 0.93444 0.94139 0.94957 0.95812 0.96693
60.............. 0.86601 0.87506 0.88395 0.89263 0.90251 0.91442 0.92711 0.94060
65.............. 0.78840 0.79974 0.81095 0.82194 0.83498 0.85115 0.86890 0.88845
70.............. 0.67674 0.68958 0.70234 0.71493 0.73038 0.75020 0.77259 0.79819
75+·........ 0.43321 0.44484 0.45673 0.46880 0.48291 0.50005 0.51893 0.53970

• Valuelisted forage 75+- is 7"(80)/7"(75).
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TABLE266. FEMALEFIVE·YEAR SURVIVORSHIP PROBABILITIES. SSx. x +4' WEST MODEL

A"
SlIni-*,,,..,.lIty. SSx •.JC.. t4·!or_alJty I_I: ----_.._.

x 2 J 4 j 6 8----._-- .----__ "___0.

0.............. 0.78861 0.81044 0.82959 0.84658 0.86180 0.87556 0.88806 0.89951
5.............. 0.93457 0.94051 0.94586 0.95073 0.95518 0.95926 0.96304 0.96656

10.............. 0.93470 0.94053 0.94579 0.95056 0.95493 0.95896 0.96268 0.96615
15.............. 0.91748 0.92473 0.93127 0.93720 0.94264 0.94764 0.95227 0.95658
20.............. 0.90310 0.91154 0.91915 0.92607 0.93240 0.93824 0.94363 0.94864
25.............. 0.89135 0.90077 0.90925 0.91697 0.92404 0.93055 0.93656 0.94216
30.............. 0.87971 0.89005 0.89937 0.90785 0.91561 0.92274 0.92935 0.93549
35.............. 0.87075 0.88166 0.89149 0.90041 0.90857 0.91608 0.92304 0.92949
40.............. 0.86332 0.87440 0.88438 0.89345 0.90175 0.90938 0.91644 0.92300
45.............. 0.84179 0.85396 0.86494 0.87494 0.88409 0.89254 0.90034 0.90760
SO.............. 0.80191 0.81654 0.82976 0.84176 0.85276 0.86289 0.87227 0.88099
55.............. 0.73818 0.75655 0.77315 0.78825 0.80212 0.81490 0.82677 0.83782
60.............. 0.65292 0.67578 0.69640 0.71519 0.73240 0.74827 0.76299 0.77668
65.............. 0.55399 0.57993 0.60346 0.62488 0.64457 0.66275 0.67962 0.69530
70.............. 0.42652 0.45541 0.48176 0.50566 0.52765 0.54792 0.56675 0.58422
75+·..;..... 0.27283 0.28802 0.30142 0.31354 0.32477 0.33540 0.34571 0.35576

9 10 /I /2 JJ U ts 16...._----_..._----- --.. ......---_...._-_.
0.............. 0.91004 0.91977 0.92880 0.93721 0.94528 0.95380 0.96125 0.96817
5.............. 0.96983 0.97289 0.97575 0.97845 0.98100 0.98369 0.98603 0.98822

10.............. 0.96937 0.97240 0.97524 0.97791 0.98042 0.98286 0.98523 0.98744
15.............. 0.96060 0.96435 0.96789 0.97121 0.97431 0.97691 0.97998 0.98285
20.............. 0.95331 0.95769 0.96180 0.96567 0.96927 0.97214 0.97572 0.97908
25.............. 0.94737 0.95226 0.95685 0.96117 0.96518 0.96846 0.97237 0.97605
30.............. 0.94123 0.94659 0.95162 0.95636 0.96077 0.96451 0.96865 0.97258
35.............. 0.93552 0.94117 0.94645 0.95144 0.95608 0.96011 0.96427 0.96829
40:............. 0.92911 0.93484 0.94023 0.94528 0.9499Q 0.95406 0.95810 0.96209
45.............. 0.91438 0.92073 0.92669 0.93230 0.93753 0.94201 0.94636 0.95071
SO.............. 0.88914 0.89676 0.90392 0.91067 0.91694 0.92230 0.92742 0.93259
55.............. 0.84812 0.85780 0.86689 0.87547 0.88345 0.89019 0.89662 0.90312
60.............. 0.78945 0.80143 0.81269 0.82330 0.83317 0.84131 0.84916 0.85715
65.............. 0.70999 0.72375 0.73670 0.74891 0.76028 0.76937 0.77830 0.78747
70.............. 0.60062 0.61594 0.63036 0.64397 0.65662 0.66671 0.67647 0.68656
75+·........ 0.36575 0.37567 0.38561 0.39559 0.40550 0.41439 0.42345 0.43303

17 18 19 20 21 22 2J U"----_..• --
-_..__ .._-

0.............. 0.97441 0.98003 0.98514 0.98981 0.99358 0.99605 0.99787 0.99905
5.............. 0.99024 0.99213 0.99388 0.99554 0.99695 0.99800 0.99883 0.99943

10.............. 0.98950 0.99143 0.99323 0.99491 0.99646 0.99764 0.99859 0.99928
15.............. 0.98552 0.98802 0.99036 0.99254 0.99470 0.99648 0.99785 0.99888
20.............. 0.98223 0.98518 0.98794 0.99053 0.99309 0.99538 0.99713 0.99846
25.............. 0.97954 0.98282 0.98589 0.98880 0.99168 0.99425 0.99633 0.99797
30.............. 0.97633 0.97990 0.98328 0.98649 0.98968 0.99253 0.99502 0.99709
35.............. 0.97218 0.97592 0.97951 0.98293 0.98632 0.98960 0.99267 0.99537
40.............. 0.96600 0.96981 0.97352 0.97710 0.98066 0.98449 0.98829 0.99191
45.............. 0.95502 0.95928 0.96347 0.96755 0.97164 0.97639 0.98133 0.98630
SO.............. 0.93774 0.94289 0.94796 0.95294 0.95798 0.96412 0.97067 0.97752
55.............. 0.90968 0.91624 0.92276 0.92920 0.93574 0.94402 0.95309 0.96283
60.............. 0.86524 0.87338 0.88151 0.88959 0.89788 0.90885 0.92113 0.93481
65.............. 0.79681 0.80629 0.81583 0.82537 0.83536 0.84926 0.86517 0.88360
70.............. 0.69691 0.70746 0.71815 0.72889 0.74021 0.75670 0.77591 0.79890
75+· ........ 0.44309 0.45357 0.46442 0.47556 0.48730 0.S0255 0.51971 0.53919

··Value listed for a.ge 75+ is T(80)/T(75).
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TAlLE267. MALI! FIVE·yl!AJt SURVIVORSHIP PROBABILITIES, sS"." ++NORTH MODEL

!IItnhtJn/I¥~ ,S"." ±4./or.".,,,Inft:
All

2 3 4 , 6 ,It

0.............. 0.71799 0.75499 0.77876 0.79990 0.81891 0.83613 0.85182 0.86621
5.............. 0.90158 0.91058 0.91863 0.92589 0.93249 0.93853 0.94410 0.94924

10.............. 0.93417 0.93979 0.94481 0.94938 0.95354 0.95736 0.96088 0.96415
IS.............. 0.91012 0.92661 0.93244 0.93773 0.94256 0.94700 0.95108 0.95489
20.............. 0.90361 0.91147 0.91853 0.92492 0.93074 0.93611 0.94105 0.94563
25.............. 0.89750 0.90587 0.91JJ9 0.92023 0.92645 0.93217 0.93745 0.94235
30.............. 0.88677 0.89604 0.90438 0.91193 0.91884 0.92518 0.93103 0.93647
35.............. 0.86761 0.87849 0.88824 0.89707 0.90515 0.91257 0.91943 0.92579
40.............. 0.84280 0.85560 0.86706 0.87748 0.88700 0.89574 0.90381 0.91130
45.............. 0.81466 0.82920 0.84230 0.85415 0.86497 0.87493 0.88412 0.89264
SO.............. 0.77371 0.79078 0.80616 0.82008 0.83281 0.84453 0.85535 0.86541
55.............. 0.71175 0.73261 0.75137 0.76842 0.78400 0.79833 0.81160 0.82393
60.............. 0.62557 0.65080 0.67358 0.69432 0.71327 0.73073 0.74692 0.76194
65.............. 0.49806 0.52936 0.55777 0.58365 0.60750 0.62948 0.64986 0.66885
70.............. 0.33801 0.37613 0.41063 0.44216 0.47122 0.49802 0.52291 0.54611
75+·........ 0.20705 0.23539 0.25795 0.27703 0.29353 0.30827 0.32187 0.33465

9 10 11 12 1J 14 1$ 16

0.............. 0.87948 0.89175 0.90315 0.91376 0.92480 0.93470 0.94381 0.95239
5.............. 0.95402 0.95847 0.96264 0.96654 0.97038 0.97392 0.97724 0.98036

10.............. 0.96720 0.97005 0.97271 0.97521 0.97744 0.97958 0.98166 0.98368
IS.............. 0.95843 0.96174 0.96485 0.96776 0.97019 0.97264 0.97507 0.97744
20.............. 0.94991 0.95390 0.95765 0.96115 0.96406 0.96704 0.96997 0.97284
15.............. 0.94691 0.95116 0.95516 0.95891 0.96200 0.96515 0.96826 0.97130
30.............. 0.94153 0.94626 0.95068 0.95484 0.95831 0.96174 0.96513 0.96846
35.............. 0.93171 0.93725 0.94245 0.94732 0.95146 0.95539 0.95927 0.96311
40.............. 0.91828 0.92480 0.93093 0.93667 0.94171 0.94617 0.95061 0.95502
45.............. 0.90059 0.90801 0.91497 0.92156 0.92727 0.93213 0.93704 0.94195
SO.............. 0.87478 0.88355 0.89177 0.89980 0.90633 0.91193 0.91761 0.92334
55.............. 0.83540 0.84615 0.85623 0.86620 0.87403 0.88078 0.88756 0.89461
60.............. 0.77596 0.78909 0.80144 0.81349 0.82289 0.83102 0.83936 0.84789
65.............. 0.68664 0.70329 0.71896 0.73429 0.74606 0.75634 0.76700 0.77776
70.............. 0.56783 0.58818 0.60728 0.62615 0.64028 0.65266 0.66545 0.67862
75+·........ 0.34691 0.35884 0.37056 0.38264 0.39264 0.40199 0.41198 0.42261

17 l' 19 20 21 22 23 24

0.............. 0.96030 0.96756 0.97425 0.98044 0.98620 0.99164 0.99471 0.99710
5.............. 0.98328 0.98603 0.98860 0.99101 0.99328 0.99538 0.99685 0.99810

10.............. 0.98561 0.98747 0.98924 0.99093 0.99253 0.99406 0.99564 0.99698
IS.............. 0.97976 0.98200 0.98417 0.98625 0.98823 0.99016 0.99273 0.99475
20.............. 0.97564 0.97835 0.98096 0.98347 0.98586 0.98818 0.99132 0.99375
15.............. 0.97427 0.97714 0.97992 0.98258 0.98512 0.98759 0.99075 0.99333
30.............. 0.97171 0.97487 0.97792 0.98085 0.98365 0.98639 0.98957 0.99243
35.............. 0.96686 0.97052 0.97407 0.97748 0.98075 0.98392 0.98733 0.99070
40.............. 0.95936 0.96362 0.96777 0.97178 0.97565 0.97912 0.98312 0.98730
45.............. 0.94683 0.95165 0.95639 0.96102 0.96549 0.96930 0.97430 0.97973
50;............. 0.92908 0.93479 0.94044 0.94599 0.95139 0.95592 0.96230 0.96941
55.............. 0.90164 0.90867 0.91564 0.92251 0.92924 0.93492 0.94323 0.95269
60.............. 0.85652 0.86520 0.87387 0.88246 0.89090 0.89830 0.90936 0.92230
65.............. 0.78879 0.79995 0.81114 0.82228 0.83326 0.84309 0.85808 0.87594
70.............. 0.69108 0.70574 0.71949 0.73320 0.74681 0.75922 0.77851 0.80190
75+·........ 0.43383 0.44559 0.45780 0.47035 0.48313 0.49526 0.51240 0.53242

. • Value listed for age 75+ is 7'(80)/7'(75).
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TABLE268. MALE FIVE·YEAR SURVIVORSHIP PROBABILITIES. sS"."+4' SOUTH MODEL

• SwrI'IOfIIrip pttJbtIbiU". SS",,, +4'/0'-.II" kw/:

" 1 J <I s 6 I

0.............. 0.74480 0.77054 0.79314 0,81319 0.83117 0.84739 0,86216 0.87567
5.............. 0.93998 0.94540 0.95028 0.95471 0.95876 0.96250 0.96595 0.96915

10.............. 0.95242 0.95649 0.96015 0.96350 0.96656 0.96939 0.97202 0.97446
IS.............. 0.92878 0.93481 0.94027 0.94524 0.94981 0.95402 0.95793 0.96156
20.............. 0.91397 0.92128 0.92790 0.93392 0.93945 0.94455 0.94926 0.95366
25.............. 0.91454 0.92167 0.92809 0.93395 0.93931 0.94427 0.94885 0.95313
30.............. 0.91145 0.91858 0.92499 0.93086 0.93623 0,94118 0.94578 0.95005
35.............. 0,89969 0.90751 0.91459 0.92103 0,92695 0.93240 0.93745 0.94216
40.............. 0.88330 0.89199 0.89984 0.90699 0.91354 0.91959 0.92520 0.93043
45.............. 0.86009 0.86983 0.87865 0.88669 0.89405 0.90086 0.90716 0.91304
SO.............. 0.82286 0.83437 0.S4480 0.85431 0.86305 0.87111 0.87858 0,88555
55.............. 0.76024 0.77501 0.78838 0.80060 0.81185 0.82221 0.83183 0.84080
60.............. 0.66690 0.68640 0.70406 0.72019 0.73502 0.74875 0.76151 0.77341
65.............. 0.54325 0.56750 0.58956 0.60969 0.62826 0.64544 0.66145 0.67637
70.............. 0.39159 0.41948 0.44475 0.46792 0.48921 0.50896 0.52727 0.54438
75+· ........ 0.24354 0.26106 0.27599 0.28932 0.30131 0.31253 0.32304 0.33311

9 10 II 11 13 U IS 16

0.............. 0.88810 0.89911 0.91062 0.92117 0.93083 0.93972 0.94791 0.95551'
5.............. 0.97215 0.97512 0.97785 0.98038 0.98274 0.98495 0.98701 0.98894

10.............. 0.97674 0.97878 0.98085 0.98278 0.98462 0.98635 0.98799 0.98953
IS.............. 0.96497 0.96786 0.97092 0.97393 0.97677 0.97942 0.98192 0.98427
20.............. 0.95776 0.96124 0.96493 0.96857 0.97196 0.97516 0.97817 0.98100
25.............. 0.95710 0.96048 0.96396 0.96743 0,97070 0.97381 0.97674 0.97951
30.............. 0.95406 0.95743 0.96071 0.96419 0.96751 0.97065 0.97365 0.97649
35............. 0.94657 0.95029 0.95383 0.95760 0.96121 0.96466 0.96796 0.97112
40.............. 0.93530 0.93943 0.94334 0.94739 0.95131 0.95512 0.95877 0.96229
45.............. 0.91853 0.92325 0.92766 0.93206 0.93637 0.94057 0.94465 0,94861
SO.............. 0.89207 0.89773 0.90289 0.90800 0,91302 0.91793 0.92275 0.92744
55.............. 0.84922 0.85647 0.86307 0.86961 0.87606 0.88240 0.88865 0.89475
60.............. 0.78453 0.79406 0,80279 0.81143 0.82000 0.82846 0.83680 0.84497
65.............. 0.69036 0.70224 0.71303 0.72388 0.73467 0.74537 0.75594 0.76634
70.............. 0.56044 0.57404 0.58619 0.59850 0,61077 0.62300 0.63513 0.64711
75+· ........ 0.34286 0.35153 0.35975 0.36834 0.37721 0.38637 0.39579 0.40545

17 II 19 10 11 11 13 14

0.............. 0.96255 0.96929 0.97668 0.98193 0.98648 0.99034 0.99350 0.99597
5.............. 0.99075 0.99247 0.99406 0.99534 0.99646 0.99742 0.99822 0.99886

10.............. 0.99100 0.99240 0.99381 0.99500 0.99608 0.99703 0.99787 0.99858
15.............. 0.98648 0.98858 0.99100 0.99281 0.99442 0.99585 0.99706 0.99808
20.............. 0.98366 0.98619 0.98907 0.99126 0.99321 0.99493 0.99640 0.99763
25.............. 0.98213 0.98464 0.98749 0.98980 0.99188 0.99376 0.99544 0.99688
30.............. 0.97920 0.98178 0.98496 0.98752 0.98988 0.99206 0.99404 0.99580
35.............. 0.97413 0.97702 0.98059 0.98356 0.98639 0.98905 0.99154 0.99380
40.............. 0.96566 0.96892 0.97291 0.97647 0.97994 0.98334 0.98661 0.98972
45.............. 0.95243 0.95615 0.96061 0.96491 0.96922 0.97357 0.97791 0.98223
SO.............. 0.93202 0.93648 0.94172 0.94711 0.95265 0.95834 0.96419 0.97020
55.............. 0.90073 0.90658 0.91344 0.92070 0.92825 0.93609 0.94428 0.95282
60.............. 0.85296 0.86083 0.87032 0.88032 0.89078 0.90178 0.91336 0.92560
65.............. 0.77656 0.78664 0.79924 0.81260 0.82669 0.84171 0.85779 0.87514
70.............. 0.65893 0.67063 0.68553 0.70174 0.71906 0.73784 0.75841 0.78118
75+· ........ 0.41529 0.42538 0.43832 0.45209 0.46693 0.48303 0.50054 0.51962

• Valuelistedfor age 75+ is T(80)/T(75).
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TABLE269. MALE FIVE·YEAR SURVIVORSHIP PROBABILITIES, sS"", +40EAST MODEL

SIInI-*!~ ,S".x+4./fw -WUYIneI:
..If'

2 3 4 j 6 ,
"
0.............. 0.78453 0.80717 0.82685 0.84420 0.85969 0.87364 0.88630 0.89788
5.............. 0.94851 0.95289 0.95687 0.96051 0.96387 0.96698 0.96987 0.97258

10.............. 0.95982 0.96295 0.96581 0.96844 0.97085 0.97310 0.97520 0.97715
15.............. 0.94076 0.94530 0.94943 0.95324 0.95676 0.96002 0.96306 0.96589
20.............. 0.92848 0.93399 0.93902 0.94364 0.94791 0.95187 0.95556 0.95901
25.............. 0.92330 0.92925 0.93467 0.93964 0.94424 0.94851 0.95248 0.95620
30.............. 0.91007 0.91703 0.92339 0.92922 0.93461 0.93960 0.94428 0.94864
35.............. 0.89056 0.89887 0.90649 0.91347 0.91992 0.92590 0.93149 0.93671
40.............. 0.86849 0.87806 0.88676 0.89476 0.90216 0.90902 0.91540 0.92139
45.............. 0.84312 0.85361 0.86313 0.87189 0.87996 0.88749 0.89448 0.90102
SO.............. 0.80825 0.81970 0.83015 0.83977 0.84862 0.85686 0.86454 0.87171
55.............. 0.75471 0.76789 0.78000 0.79110 0.80137 0.81091 0.81980 0.82815
60.............. 0.67179 0.68800 0.70285 0.71649 0.72913 0.74089 0.75186 0.76216
65.............. 0.55932 0.57896 0.59693 0.61348 0.62878 0.64300 0.65630 0.66877
70.............. 0.42603 0.44796 0.46815 0.48666 0.50378 0.51976 0.53471 0.54871
75+· ........ 0.26696 0.27948 0.29070 0.30090 0.31034 0.31932 0.32795 0.33629

9 /0 II /2 IJ 14 ts /6

0.............. 0.90852 0.91835 0.92840 0.93728 0.94541 0.95288 0.95976 0.96612
5.............. 0.97511 0.97748 0.97985 0.98195 0.98394 0.98582 0.98760 0.98931

10.............. 0.97899 0.98072 0.98221 0.98367 0.98511 0.98649 0.98783 0.98913
15.............. 0.96857 0.97109 0.97328 0.97538 0.97745 0.97945 0.98140 0.98329
20.............. 0.96224 0.96530 0.96800 0.97054 0.97302 0.97543 0.97778 0.98006
25.............. 0.95968 0.96297 0.96592 0.96863 0.97128 0.97387 0.97638 0.97883
30.............. 0.95273 0.95659 0.96012 0.96328 0.96637 0.96939 0.97232 0.97518
35.............. 0.94161 0.94624 0.95050 0.95421 0.95786 0.96143 0.96493 0.96834
40.............. 0.92702 0.93230 0.93716 0.94127 0.94535 0.94938 0.95337 0.95728
45.............. 0.90718 0.91296 0.91822 0.92254 0.92688 0.93122 0.93553 0.93983
SO.............. 0.87846 0.88481 0.89055 0.89514 0.89978 0.90447 0.90918 0.91389
55.............. 0.83596 0.84334 0.84992 0.85515 0.86046 0.86586 0.81132 0.87682
60.............. 0.77181 0.78093 0.78890 0.79532 0.80187 0.80854 0.81530 0.82214
65.............. 0.68049 0.69154 0.70102 0.70874 0.71664 0.72472 0.73293 0.74124
70.............. 0.56188 0.57430 0.58486 0.59344 0.60226 0.61130 0.62054 0.62993
75+· ........ 0.34443 0.35248 0.35989 0.36634 0.37316 0.38035 0.38792 0.39584

11 /8 /9 20 2/ 22 23 24

0.............. 0.97201 0.97780 0.98343 0.98856 0.99205 0.99491 0.99704 0.99851
5.............. 0.99091 0.99243 0.99386 0.99523 0.99628 0.99730 0.99818 0.99889

10.............. 0.99038 0.99158 0.99273 0.99383 0.99498 0.99608 0.99711 0.99804
15.............. 0.98512 0.98689 0.98858 0.99020 0.99199 0.99368 0.99527 0.99674
20.............. 0.98226 0.98438 0.98642 0.98837 0.99045 0.99246 0.99438 0.99613
25.......:...... 0.98119 0.98346 0.98565 0.98775 0.98985 0.99200 0.99404 0.99590
30.............. 0.97794 0.98061 0.98318 0.98563 0.98802 0.99053 0.99292 0.99511
35.............. 0.97165 0.97486 0.97796 0.98094 0.98381 0.98699 0.99006 0.99294
40.............. 0.96111 0.96484 0.96846 0.97197 0.97552 0.97962 0.98374 0.98779
45.............. 0.94407 0.94824 0.95232 0.95629 0.96057 0.96577 0.97123 0.97693
SO.............. 0.91861 0.92326 0.92786 0.93236 0.93744 0.94390 0.95094 0.95863
55.............. 0.88233 0.88782 0.89326 0.89861 0.90486 0.91299 0.92205 0.93224
60.............. 0.82901 0.83589 0.84271 0.84945 0.85756 0.86816 0.88015 0.89388
65.............. 0.74963 0.75804 0.76642 0.77471 0.78501 0.79851 0.81398 0.83197
70.............. 0.63942 0.64898 0.65852 0.66801 0.68010 0.69608 0.71469 0.73674
75+· ........ 0.40410 0.41266 0.42146 0.43048 0.44135 0.45533 0.47144 0.49020

• Valuelistedforage 75+ isT(80)/T(75).
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TABLE270. MALE FIVE·YEAR SURVIVORSHIP PROBABILITIES. ,S"." +4' WEST MODEL

Ap ~""'II'" ,S"."±4.jw-..li,,IIwI:

" 1 J # j 6 ,
0......."..... 0.78598 0.80839 0.82791 0.84514 0.86050 0.87431 0.88685 0.89827
5.............. 0.94170 0.94685 0.95148 0.95568 0.95953 0.96306 0.96633 0.96937

10........".... 0.94345 0.94829 0.95266 0.95662 0.96024 0.96359 0.96667 0.96956
15........".... 0.92179 0.92836 0.93432 0.93971 0.94466 0.94921 0.95343 0.95735
20.......,,:.... 0.90238 0.91067 0.91815 0.92495 0.93117 0.93690 0.94220 0.94712
25."....."".. 0.88887 0.89838 0.90695 0.91475 0.92187 0.92844 0.93452 0.94017
30.............. 0.87123 0.88219 0.89209 0.90108 0.90932 0.91690 0.92391 0.93044
35........."". 0.84849 0.86118 0.87261 0.88302 0.89255 0.90132 0.90944 0.91699
40.............. 0.82417 0.83840 0.85122 0.86287 0.87355 0.88336 0.89246 0.90090
45........".... 0.79284 0.80869 0.82297 0.83595 0.84784 0.85880 0.86894 0.87838
SO..."."...". 0.75188 0.76954 0.78552 0.80001 0.81329 0.82552 0.83684 0.84736
55.............. 0.69526 0.71503 0.73291 0.74918 0.76410 0.77785 0.79061 0.80246
60.............. 0.61357 0.63658 0.65732 0.67622 0.69354 0.7095/ 0.7243/ 0.73809
65.............. 0.51713 0.54303 0.56594 0.58676 0.60585 0.62347 0.63983 0.65504
70.........."" 0.39621 0.42347 0.44803 0.47062 0.49123 0.51025 0.52797 0.54445
75+· ........ 0.25310 0.26885 0.28214 0.29420 0.30500 0.31498 0.32449 0.33364

, 10 11 11 IJ 14 IJ 16

0.............. 0.90877 0.91845 0.92741 0.93573 0.94494 0.95280 0.95942 0.96561
5...........". 0.97219 0.97484 0.97732 0.97966 0.98222 0.98435 0.98620 0.98799

10........".... 0.97223 0.97474 0.97710 0.97932 0.98161 0.98360 0.98535 0.98706
15..........".. 0.96100 0.96442 0.96765 0.97067 0.97353 0.97626 0.97869 0.98107
20.............. 0.95172 0.95602 0.96006 0.96386 0.96740 0.97083 0.97392 0.97692
25......"...... 0.94544 0.95038 0.95501 0.95938 0.96343 0.96738 0.97094 0.97438
30.............. 0.93652 0.94222 0.94758 0.95261 0.95730 0.96183 0.96591 0.96987
35.............. 0.92403 0.93064 0.93684 0.94267 0.948/5 0.95328 0.95793 0.96246
40.........." •• 0.90878 0.91616 0.92309 0.92962 0.93584 0.94140 0.94643 0.95141
45.............. 0.88719 0.89544 0.90319 0.91048 0.91761 0.92358 0.92903 0.93452
SO.............. 0.85718 0.86638 0.87500 0.88313 0.89119 0.89760 0.90354 0.90956
55.........."" 0.81355 0.82394 0.83370 0.84289 0.85193 0.85904 0.86569 0.87248
60......"...... 0.75097 0.76301 0.77434 0.78SOI 0.79540 0.80353 0.81117 0.81902
65.............. 0.66924 0.68256 0.69510 0.70691 0.71827 0.72714 0.73552 0.74417
70.............. 0.55983 0.57427 0.58786 0.60069 0.61291 0.62244 0.63147 0.64085
75+· .....". 0.34255 0.35131 0.36002 0.36872 0.37769 0.38544 0.39303 0.40/17

11 " 19 10 1/ 11 11 U

0........."... 0.97174 0.97737 0.98257 0.98738 0.99139 0.99433 0.99665 0.99831
5............" 0.98969 0.99132 0.99289 0.99437 0.99570 0.99688 0.99794 0.99880

10......."..... 0.98872 0.99031 0.99184 0.99331 0.99467 0.99598 0.99720 0.99825
15.............. 0.98338 0.98561 0.98775 0.98982 0.99181 0.99375 0.99557 0.99720
20.............. 0.97982 0.98262 0.98531 0.98787 0.99033 0.99269 0.99490 0.99682
25.............. 0.97770 0.98089 0.98395 0.98687 0.98958 0.99220 0.99462 0.99670
30.......;...... 0.97370 0.97739 0.98093 0.98432 0.98743 0.99053 0.99340 0.99590
35.............. 0.96688 0.97J17 0.97531 0.97929 0.98292 0.98677 0.99046 0.99379
40.............. 0.95632 0.96114 0.96582 0.97038 0.97458 0.97941 0.98427 0.98896
45.............. 0.93998 0.94541 0.95075 0.95599 0.96090 0.96700 0.97344 0.98004
SO.............. 0.91563 0.92170 0.92774 0.93371 0.93948 0.94703 0.95530 0.96425
55.............. 0.87938 0.88634 0.89332 0.90025 0.90724 0.91664 0.92728 0.93927
60.............. 0.82702 0.83514 0.84333 0.85150 0.85990 0.87150 0.811493 0.90051
65.............. 0.75305 0.76211 0.77127 0.78047 0.79012 0.80383 0.112002 0.83932
70.............. 0.65050 0.66039 0.67044 0.68059 0.69132 0.70703 0.725115 0.74882
75+·........ 0.40982 0.41897 0.42857 0.43857 0.44915 0.46356 0.411056 0.50071

• Value listedrorale 75+ is 7'(80)/7'(75).
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TABLE271. FEMALE 100VEAJl SURVIVORSHIP PROBABILITIES. loS..... +4' NOR.THMODEL

SwW"""YJIIllbtIbIIiIY.IOS.J •.J+4./Mlflonll1l'ylntl:.. 1 J 4 J 6 ,
Jt

0.............. 0.66645 0.69655 0.72360 0.74815 0.77057 0.79119 0.81023 0.82791
"so............. 0.83974 0.85377 0.86642 0.87794 0.88850 0.89823 0.90724 0.91561

10.............. 0.86539 0.87672 0.88695 0.89627 0.90482 0.91270 0.92002 0.92682
15.............. 0.85154 0.86374 0.87476 0.88481 0.89403 0.90254 0.91043 0.91779
20.............. 0.82936 0.84324 0.85583 0.86732 0.87788 0.88764 0.89668 0.90512
25.............. 0.80311 0.81910 0.83361 0.84687 0.85907 0.87034 0.88083 0.89061
30.............. 0.77987 0.79752 0.81356 0.82823 0.84172 0.85420 0.86583 0.87668
35......~........ 0.76404 0.78248 0.79921 0.81452 0.82862 0.84167 0.85383 0.86516
40.............. 0.74520 0.76428 0.78164 0.79751 0.81215 0.82573 0.83836 0.85016

·45.............. 0.70145 0.72270 0.74208 0.75987 0.77629 0.79158 0.80580 0.81913
50.............. 0.61890 0.64450 0.66797 0.68963 0.70971 0.72847 0.74602 0.76249
55.............. 0.50025 0.53067 0.55888 0.58514 0.60967 0.63269 0.65439 0.67484
60.............. 0.35490 0.38840 0.41997 0.44975 0.47788 0.50459 0.52992 0.5S405
65.............. 0.20832 0.24067 0.27183 0.30182 0.33065 0.35838 0.38504 0.41072
70+· ........ 0.08398 0.09895 0.11260 0.12535 0.13735 0.14879 0.15991 0.17081

9 /0 /I /1 JJ U ts /6

0:............. 0.84440 0.85981 0.87426 0.88783 0.90208 0.91578 0.92840 0.93983
5.............. 0.92343 0.93075 0.93763 0.94410 0.95046 0.95676 0.96259 0.96799

10.............. 0.93318 0.93915 0.94475 0.95002 0.95470 0.95963 0.96433 0.96879
15.............. 0.92466 0.93112 0.93719 0.94290 0.94776 0.95300 0.95805 0.96289
20.............. 0.91301 0.92042 0.92739 0.93395 0.93956 0.94551 0.95123 0.95676
25.............. 0.89977 0.90837 0.91646 0.92410 0.93072 0.93752 0.94410 0.9S046
30.............. 0.88684 0.89639 0.90538 0.91386 0.92122 0.92859 0.93579 0.94277
35.............. 0.87580 0.88578 0.89521 0.90407 0.91165 0.91907 0.92639 0.93357
40.............. 0.86121 0.87162 0.88143 0.89068 0.89849 0.90586 0.91324 0.92057
45.............. 0.83163 0.84342 0.85454 0.86505 0.87399 0.88205 0.89020 0.89839
50.............. 0.77801 0.79265 0.80654 0.81972 0.83102 0.84086 0.85088 0.86102
55.............. 0.69423 0.71258 0.73005 0.74679 0.76094 0.77321 0.78579 0.79861
60.............. 0.57705 0.59903 0.62000 0.64037 0.65713 0.67182 0.68700 0.70265
65.............. 0.43542 0.45922 0.48212 0.50485 0.52289 0.53887 0.55555 0.57292
70+·........ 0.18157 0.19229 0.20304 0.21417 0.22360 0.23258 0.24221 0.25246

11 /, /9 10 1/ 11 2J 14

0.............. 0.95023 0.95972 0.96841 0.97644 0.98390 0.99104 0.99468 0.99725
5.............. 0.97299 0.97761 0.98193 0.98594 0.98971 0.99333 0.99583 0.99761

10.............. 0.97300 0.97697 0.98073 0.98425 0.98757 0.99077 0.99405 0.99626
15.............. 0.96751 0.97192 0.97610 0.98005 0.98380 0.98740 0.99169 0.99457
20.............. 0.96207 0.96713 0.97195 0.97653 0.98086 0.98505 0.98986 0.99331
25.............. 0.95657 0.96241 0.96798 0.97328 0.97830 0.98317 0.98825 0.99221
30.............. 0.94951 0.95600 0.96222 0.96816 0.97381 0.97930 0.98490 0.98967
35.............. 0.94059 0.94741 0.95401 0.96036 0.96645 0.97235 0.97871 0.98465
40...........~.. 0.92783 0.9349(i 0.94194 0.94871 0.95525 0.96161 0.96884 0.97625
45.............. 0.90657 0.91470 0.92271 0.93055 0.93818 0.94544 0.95427 0.96385
50.............. 0.87123 0.88144 0.89157 0.90154 0.91129 0.92018 0.93186 0.94486
55.............. 0.81162 0.82473 0.83782 0.85080 0.86357 0.87517 0.89119 0.90950
60.............. 0.71865 0.73490 0.75128 0.76766 0.78390 0.79892 0.82055 0.84602
65.............. 0.59085 0.60924 0.62796 0.64685 0.66576 0.68351 0.71027 0.74282
70+·.,...... 0.26332 0.27473 0.28663 0.29892 0.31150 0.32381 0.34077 0.36064

• Valuelistedforage 70+ is T(80)/T(70).
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TAILE272. FEMALE IO-YEAR SURVIVORSHIPPROIAIIUnES.,oS'..,•.., +.. SOUTH MODEL

A"
SWW......""'.,y, ,.as..,..., +4./tW IIIfItfIIIIqltMl:

.., 1 J 4 j 6 ,
0.............. 0.67922 0.71020 0.73782 0.76267 0.78521 0.80581 0.82475 0.84224
5.............. 0.87707 0.88811 0.89813 0.90730 0.91574 0.92356 0.93082 0.93759

10.............. 0.87389 0.88486 0.89480 0.90393 0.91234 0.92014 0.92740 0.93418
IS.............. 0.84814 0.86110 0.87290 0.88373 0.89371 0.90295 0.91159 0.91965
20.............. 0.83363 0.84764 0.86044 0.87215 0.88299 0.89301 0.90237 0.91112
25.............. 0.82555 0.84011 0.85336 0.86551 0.87675 0.88717 0.89689 0.90598
30.............. 0.81925 0.83403 0.84746 0.85979 0.87118 0.88175 0.89161 0.90084
35.............. 0.81400 0.82860 0.84193 0.85415 0.86541 0.87587 0.88561 0.89475
40.............. 0.79650 0.81166 0.82551 0.83821 0.84995 0.86087 0.87102 0.88054
45.............. 0.74960 0.76732 0.78352 0.79842 0.81224 0.82510 0.83711 0.84837
50.............. 0.65854 0.68134 0.70230 0.72169 0.73973 0.75660 0.77244 0.78735
55.............. 0.51876 0.54799 0.57512 0.60046 0.62425 0.64664 0.66780 0.68784
60.............. 0.35379 0.38656 0.41757 0.44696 0.47494 0.50154 0.52691 0.55116
65.............. 0.19339 0.22380 0.25331 0.28189 0.30958 0.33635 0.36219 0.38720
70+·........ 0.07087 0'.08554 0.09902 0.11161 0.12355 0.13502 0.14610 0.15696

, /0 11 /1 /J 14 IS /6

0.............. 0.85846 0.87429 0.88912 0.90273 0.91528 0.92688 0.93764 0.94764
5.............. 0.94394 0.95004 0.95604 0.96157 0.96668 0.97142 0.97583 0.97992

10.............. 0.94053 0.94612 0.95224 0.95791 0.96318 0.96807 0.97265 0.97691
15.............. 0.92722 0.93383 0.94107 0.94782 0.95410 0.95997 0.96547 0.97062
20.............. 0.91935 0.92660 0.93431 0.94154 0.94832 0.95468 0.96066 0.96627
25.............. 0.91451 0.92218 0.92998 0.93733 0.94428 0.95084 0.95704 0.96288
30.............. 0.90949 0.91732 0.92503 0.93235 0.93931 0.94593 0.95222 0.95820
35.............. 0.90333 0.91107 0.91847 0.92557 0.93239 6.93892 0.94517 0.95117
40.............. 0.88949 0.89774 0.90519 0.91243 0.91944 0.92623 0.93279 0.93912
45.............. 0.85896 0.86896 0.87757 0.88600 0.89424 0.90227 0.91007 0.91765
SO.............. 0.80141 0.81484 0.82618 0.83736 0.84832 0.85908 0.86958 0.87982
55.............. 0.70685 0.72510 0.74043 0.75563 0.77066 0.78548 0.80006 0.81434
60.............. 0.57436 0.59642 0.61519 0.63398 0.65276 0.67145 0.69000 0.70834
65.............. 0.41139 0.43418 0.45379 0.47364 0.49373 0.51396 0.53427 0.5S460
70+· ........ 0.16769 0.17812 0.18749 0.19730 0.20758 0.21828 0.22940 0.24091

17 /8 /, 10 1/ 12 2J 24

0.............. 0.95723 0.96631 0.97349 0.97975 0.98509 0.98953 0.99308 0.99580
5.............. 0.98376 0.98735 0.99016 0.99256 0.99459 0.99626 0.99758 0.99858

10.............. 0.98092 0.98470 0.98822 0.99096 0.99332 0.99528 0.99688 0.99811
15.............. 0.97546 0.98004 0.98454 0.98799 0.99100 0.99355 0.99566 0.99731
20.............. 0.97157 0.97661 0.98149 0.98543 0.98891 0.99192 ().99444 0.99646
25.............. 0.96841 0.97370 0.97858 0.98287 0.98673 0.99013 0.99303 0.99544
30.............. 0.96388 0.96932 0.97431 0.97901 0.98332 0.98722 0.99066 0.99362
35.............. 0.95690 0.96241 0.96765 0.97282 0.97771 0.98228 0.98648 0.99026
40.............. 0.94520 0.95102 0.95676 0.96273 0.96853 0.97413 0.97948 0.98450
45.............. 0.92498 0.93189 0.9389i 0.94647 0.95397 0.96136 0.96859 0.97558
SO.............. 0.88978 0.89910 0.90877 0.91934 0.92994 0.94052 0.95101 0.96132
55.............. 0.82832 0.84139 0.85530 0.87069 0.88631 0.90213 0.9i807 0.93404
60.............. 0.72643 0.74380 0.76271 0.78401 0.80609 0.82901 0.85277 0.87733
65.............. 0.57485 0.59485 0.61734 0.64329 0.67098 0.70065 0.73257 0.76704
70+·........ 0.25277 0.26485 0.27854 0.29424 0.31113 0.32927 0.34871 0.36951

• Value listedfor age 70+ is T(80)/T(70).
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TABLE 273. FEMALE IO-YEAR SURVIVORSHIP PROBABILITIES. ,oSx. x+4' EASTMODEL

AI' SwYIronItItpmbtllJiU,y. loSx.x H.p"'OIIt11l1yltwl:
JI 1 3 4 J 6 7 ,
0.............. 0.74959 0.77307 0.79407 0.81305 0.83034 0.84619 0.86081 0.87437
5.............. 0.89818 0.90669 . 0.91449 0.92166 0.92828 0.93447 0.94024 0.94565

10.............. 0.89344 0.90209 0.91001 0.91731 0.92407 0.93039 0.93628 0.94181
15.............. 0.86597 0.87670 0.88652 0.89561 0.90405 0.91191 0.91927 0.92617
20.............. 0.84280 0.85528 0.86674 0.87734 0.88719 0.89637 0.90497 0.91306
25.............. 0.82567 0.83933 0.85191 0.86353 0.87434 0.88443 0.89387 0.90278
30.............. 0.81312 0.82744 0.84061 0.85279 0.86412 0.87468 0.88460 0.89393
35.............. 0.80294 0.81744 0.83075 0.84308 0.85453 0.86524 0.87528 0.88471
40.............. 0.78132 0.79645 0.81034 0.82322 0.83521 0.84641 0.85692 0.86681
45.............. 0.72651 0.74427 0.76061 0.77582 0.79002 0.80330 0.81579 0.82758
SO.............. 0.62906 0.65151 0.67233 0.69176 0.70999 0.72717 0.74335 0.75867
55.............. 0.49534 0.52262 0.54819 0.57224 0.59498 0.61654 0.63700 0.65647
60.............. 0.34490 0.37429 0.40219 0.42883 0.45422 0.47850 0.50/76 0.52405
65.............. 0.20359 0.23026 0.25613 0.28124 0.30547 0.32891 0.35161 0.37358
70+· ........ 0.08239 0.09446 0.10576 0.11641 0.12652 0.13627 0.14578 0.15511

9 10 II 12 13 14 ts 16
I

0.............. 0.88698 0.89877 0.91072 0.92197 0.93225 0.94/70 0.95038 0.95842
5.............. 0.95074 0.95553 0.96003 0.96464 0.96894 0.97295 0.97669 0.98020

10.............. 0.94702 0.95194 0.95614 0.96085 0.96529 0.96946 0.97340 0.97709
15.............. 0.93270 0.93885 0.94404 0.94989 0.95543 0.96066 0.96561 0.97027
20.............. 0.92068 0.92788 0.93411 0.94084 0.94724 0.95331 0.95907 0.96453
25.............. 0.91115 0.91908 0.92611 0.93331 0.94019 0.94676 0.95304 0.95903
30.............. 0.90273 0.91104 0.91853 0.92578 0.93280 0.93957 0.94609 0.95238
35.............. 0.89362 0.90203 0.90959 0.91661 0.92349 0.93023 0.93678 0.94316
40.............. 0.87613 0.88496 0.89280 0.89987 0.90690 0.91386 0.92072 0.92746
45.............. 0.83872 0.84928 0.85864 0.86690 0.87517 0.88343 0.89165 0.89980
SO.............. 0.77321 0.78704 0.79936 0.81006 0.82084 0.83167 0.84251 0.85333
55.............. 0.67503 0.69277 0.70857 0.72220 0.73602 0.75002 0.76412 0.77829
60.............. 0.54544 0.56602 0.58421 0.59985 0.61587 0.63222 0.64887 0.66573
65.............. 0.39482 0.41541 0.43355 0.44899 0.46496 0.48146 0.49844 0.51582
70+· ........ 0.16435 0.17357 0.18209 0.18974 0.19789 0.20658 0.21578 0.22552

17 I' 19 20 21 22 23 U

0.............. 0.96637 0.97378 0.98057 0.98683 0.99114 0.99440 0.99681 0.99842
5.............. 0.98349 0.98657 0.98948 0.99222 0.99452 0.99629 0.99769 0.99875

10.............. 0.98059 0.98388 0.98699 0.98992 0.99286 0.99501 0.99679 0.99818
15.............. 0.97469 0.97886 0.98280 0.98653 0.99034 0.993/7 0.99555 0.99743
20.............. 0.96971 0.97462 0.97926 0.98368 0.98797 0.99141 0.99433 0.99665
25.............. 0.96474 0.97018 0.97535 0.98027 0.98490 0.98896 0.99250 0.99540
30.............. 0.95842 0.96421 0.96975 0.97504 0.98005 0.98485 0.98922 0.99298
35:............. 0.94936 0.95535 0.96112 0.96667 0.97215 0.97786 0.98330 0.98832
40.............. 0.93409 0.94054 0.94681 0.95287 0.95924 0.96629 0.97331 0.98018
45.............. 0.90785 0.91574 0.92346 0.93098 0.93914 0.94852 0.95812 0.96783
SO.............. 0.86405 0.87464 0.88504 0.89522 0.90644 0.91965 0.93344 0.94767
55.............. 0.79245 0.80652 0.82043 0.83411 0.84961 0.86831 0.88828 0.90950
60.............. 0.68276 0.69982 0.71683 0.73368 0.75357 0.77831 0.80557 0.83567
65.............. 0.53354 0.55148 0.56956 0.58762 0.60985 0.63853 0.67131 0.70915
70+·........ 0.23576 0.24644 0.25753 0.26896 0.28273 0.30008 0.31980 0.34230

• Valuelistedforage 70+ is T(80)/T(70).
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TABLE 274. FEMALE 10·YEAR SURVIVORSHIP PROIAIILITIES.loS.r•.r+4' WEST MODEL.. ...........~ 1fI.r•.rH.jiIr-wuylMl.·

.r 1 J 4 S 6 ,
0.............. 0.73701 0.76223 0.78468 0.80487 0.82317 0.83989 0.85524 0.86943
5.............. 0.87354 0.88458 0.89459 0.90373 0.91213 0.91989 0.92710 0.93383

10.............. 0.85757 0.86974 0.88079 0.89087 0.90016 0.90875 0.91674 0.92419
15.............. 0.82858 0.84293 0.85598 0.86792 0.87892 0.88911 0.89860 0.90745
20.............. 0.80498 0.82108 0.83574 0.84918 0.86158 0.87307 0.88377 0.89377
25.............. 0.78413 0.80173 0.81775 0.83247 0.84606 0.85865 0.87039 0.88138
30.............. 0.76600 0.78472 0.80177 0.81744 0.83189 0.84530 0.85782 0.86953
35.............. 0.75174 0.77092 0.78842 0.80448 0.81930 0.83306 0.84590 0.85792
40.............. 0.72673 0.74670 0.76493 0.78i72 0.79723 0.81166 0.82511 0.83772
45.............. 0.67504 0.69729 0.71769 0.73648 0.75392 0.77016 0.78534 0.79959
SO.....:........ 0.59196 0.61775 0.64152 0.66351 0.68401 0.70317 0.72117 0.73811
55.............. 0.48197 0.51126 0.53842 0.56375 0.58747 0.60977 0.63082 0.65071
60.............. 0.36171 0.39190 0.42025 0.44691 0.47209 0.49591 0.51854 0.54002
65.............. 0.23628 0.26411 0.29072 0.31598 0.34011 0.36313 0.38517 0.40621
70+·........ 0.10087 0.11236 0.12302 0.13299 0.14246 0.15156 0.16046 0.16919

, 10 11 11 1J 14 IS 16

0.............. 0.88258 0.89483 0.90628 0.91701 0.92732 0.93824 0.94783 0.95677
5.............. 0.94012 0.94603 0.95159 0.95684 0.96180 0.96683 0.97147 0.97581

10.............. 0.93117 0.93773 0.94392 0.94976 0.95523 0.96016 0.96550 0.97050
15.............. 0.91575 0.92355 0.93091 0.93787 0.94436 0.94969 0.95618 0.96229
20.............. 0.90314 0.91197 0.92029 0.92817 0.93552 0.94148 0.94875 0.95564
25.............. 0.89169 0.90140 0.91056 0.91923 0.92731 0.93410 0.94188 0.94929
30.............. 0.88054 0.89090 0.90066 0.90992 0.91857 0.92604 0.93403 0.94174
35.............. 0.86920 0.87984 0.88988 0.89938 0.90826 0.91600 0.92386 0.93158
40.............. 0.84957 0.86074 0.87130 0.88128 0.89064 0.89873 0.90671 0.91466
45.............. 0.81301 0.82567 0.83766 0.84902 0.85966 0.86882 0.87767 0.88662
SO.............. 0.75410 0.76924 0.78360 0.79727 0.81007 0.82102 0.83154 0.84224
55.............. 0.66955 0.68747 0.70451 0.72077 0.73606 0.74893 0.76137 0.77411
60.............. 0.56051 0.58004 0.59871 0.61658 0.63345 0.64728 0.66090 0.67498
65.............. 0.42644 0.44579 0.46439 0.48228 0.49922 0.51295 0.52649 0.S4065
70+·........ 0.17790 0.18656 0.19528 0.20406 0.21281 0.22061 0.22861 0.23717

17 l' l' 10 11 11 1J 14

0.............. 0.96490 0.97232 0.97911 0.98539 0.99055 0.99406 0.99671 0.99848
5.............. 0.97985 0.98362 0.98716 0.99047 0.99342 0.99565 0.99742 0.99871

10.............. 0.97518 0.97955 0.98366 0.98749 0.99119 0.99412 0.99644 0.99816
15.............. 0.96802 0.97338 0.97842 0.98314 0.98783 0.99188 0.99499 0.99734
20.............. 0.96213 0.96825 0.97400 0.97943 0.98483 0.98966 0.99347 0.99643
25.:..;......... 0.95635 0.96~06 '0.96941 0.97544 0.98145 0.98682 0.99137 0.99507
30.............. 0.94917 0.95630 0.96313 0.96965 0.97615 0.98220 0.98773 0.99248
35.............. 0.93912 0.94645 0.95357 0.96043 0.96725 0.97425 0.98105 0.98732
40.............. 0.92255 0.93032 0.93796 0.94539 0.95285 0.96125 0.96985 0.97832
45............. 0.89557 0.90449 0.91333 0.92201 0.93082 0.94136 0:95255 0.96413
SO.............. 0.85305 0.86391 0.87474 0.88547 0.89642 0.91015 0.92514 0.94119
55.............. 0.78709 0.80023 0.81343 0.82660 0.84018 0.85797 0.87792 0.90007
60.............. 0.68943 0.70420 0.71917 0.73423 0.75006 0.77185 0.79694 0.82600
65.............. o.55S31 0.57042 0.58589 0.60160 0.61835 0.64264 0.67130 0.70591
70+·........ 0.24628 0.25591 0.26603 0.27657 0.28790 0.30322 0.32100 0.34195

• Valuclistcd fora8c70+ is T(80)/T(70).
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TAlLE27S. MALE 10.YEAIlSU..VIVOllSHI' ..O.AlILmES..oS'x,« +4' NORTH MODEL

~~ wI... .t+4./tIt-.llI''-':• 1 J 4 J 6 I•
0.............. 0.6S634 0.68748 0.71539 0.74062 0.76363 0.78473 0.80420 0.82224
S.............. 0.84223 0.85575 0.86793 0.87902 0.88917 0.89850 0.90717 0.91521

10.............. 0.85955 0.87082 0.88098 0.89026 0.89877 0.90661 0.91388 0.92066
15.............. 0.83144 0.84458 0.8S648 0.86732 0.87728 0.88649 0.89502 0.90298
20.............. 0.81099 0.82S67 0.83898 0.85113 0.86229 0.87261 0.88219 0.89112
15.............. 0.79587 0.81169 0.82606 0.83918 0.85126 0.86242 0.87279 0.88249
30.............. 0.76937 0.7871S 0.80330 0.8J806 0.83168 0.84429 0.85602 0.86698
35.............. 0.73122 0.75163 0.77015 0.78716 0.80286 0.81742 0.83099 0.84367
40.............. 0.68660 0.70947 0.73032 0.74950 0.76723 0.78370 0.79908 0.81347
4S.............. 0.63032 0.6SS72 0.67902 0.70048 0.72036 0.73890 0.7S624 0.77251
SO.............. 0.55070 0.57934 0.60572 0.63017 0.65292 0.67421 0.69420 0.71304
5S.............. 0.44525 0.47678 0.50611 0.53353 0.55920 0.58337 0.60620 0.62778
60.............. 0.31157 0.34451 0.37570 0.40524 0.43331 0.45998 0.48539 0.50962
6S.............. 0.1683S 0.19911 0.22903 0.25806 0.28626 -0.31350 0.33982 0.36526
70+·........ 0.06188 0.07761 0.09189 0.10513 0.11745 0.12904 0.14014 0.15086

, 10 II 11 JJ 14 /j 16

0.............. 0.83904 0.85472 0.86941 0.88319 0.89741 0.91033 0.92232 0.93368
5.............. 0.92273 0.92977 0.93636 0.94258 0.94849 0.95403 0.95932 0.96436

10.............. 0.92700 0.93294 0.93852 0.94376 0.94830 0.95278 0.9S719 0.96149
IS.............. 0.91042 0.91741 0.92399 0.93016 0.93532 0.94058 0.94578 0.9S090
20.............. 0.89947 0.90732 0.91471 0.92166 0.92742 0.93334 0.93918 0.94492
2S.............. 0.89154 0.9000S 0.90805 0.91561 0.92189 0.92823 0.93449 0.94066
30.............. 0.87724 0.88688 0.89597 0.90454 0.91180 0.91884 0.92582 0.93273
35.............. 0.85558 0.86678 0.87735 0.88733 0.89600 0.90396 0.91190 0.91978
40.......;...... 0.82699 0.83974 0.85178 0.86320 0.87321 0.88196 0.89076 0.899S7
45.............. 0.78781 0.80228 0.81594 0.82922 0.84041 0.8S004 0.8S984 0.86974
SO.............. 0.73080 0.74762 0.76356 0.77941 0.79216 0.80321 0.81444 0.82603
5S.............. 0.64824 0.66769 0.68621 0.70465 0.71923 0.73195 0.74498 0.7S8S3
60.............. 0.53280 0.55497 0.57620 0.59734 0.61392 0.62853 0.64379 0.65945
6S.............. 0.38989 0.41366 0.43661 0.45977 0.47769 0.49363 0.51041 0.S2781
70+·........ 0.16134 0.17169 0.18196 0.19267 0.20150 0.20978 0.21872 0.22834

17 II I' 10 11 11 n 14

0.............. 0.94424 0.9S404 0.96315 0.97163 0.97957 0.98706 0.99158 0.99521
5.............. 0.96913 0.97367 0.97796 0.98202 0.98586 0.98947 0.99250 0.99509

10.............. 0.96566 0.96970 0.973S8 0.97730 0.98085 0.98428 0.98840 0.99175
IS.............. 0.95589 0.96075 0.96543 0.96994 0.97425 0.97846 0.98411 0.988S3
20.............. 0.9S054 0.95S99 0.96126 0.96634 0.97118 0.97591 0.98215 0.98712
2S.............. 0.94671 0.95259 0.95828 0.96376 0.96901 0.97414 0.98042 0.98581
30.............. 0.93951 0.94613 0.95255 0.95876 0.96472 0.97052 0.97703 0.98321
35.............. 0.92757 0.93S22 0.94267 0.94989 0.95687 0.96337 0.97067 0.97813
40.............. 0.90835 0.91704 0.92557 0.93390 0.94198 0.94906 0.95786 0.96729
45.....:........ 0.87968 0.88960 0.89943 0.90911 0.91856 0.92658 0.93757 0.94976
SO.............. 0.83770 0.84942 0.86111 0.87268 0.88407 0.89372 0.90767 0.923S6
S5.............. 0.77227 0.78618 0.80015 0.81408 0.82785 0.83984 0.85774 0.87867
60.............. 0.67S61 0.69212 0.70883 0.72563 0.74235 0.75734 0.78031 0.80788
65.............. 0.54S91 0.S6455 0.58361 0.60290 0.62228 0.64009 0.66803 0.70242
70+·........ 0.23862 0.24955 0.26106 0.27308 0.28552 0.29749 0.31507 0.33632

• Vilue listedforage70+ isT(80)/T(70).
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TAlLE276. MALE 100VEAl.lURVIVOUIIIP PROMIILmES. loSs,« +...SOuntMODEL

..,. ........~ ttl..... +4.",--"'l..'-"
.. 1 J f J • ,
0.............. 0.70010 0.72846 0.7S370 0.77636 0.79689 0.81S61 0.832BO 0.84866
S.............. 0.89S26 0.90426 0.91241 0.91986 0.92670 0.93303 0.93892 0.94440

10.•••••.•.••••. 0.884S8 0.89414 0.902BO 0.91073 0.91BOS 0.92481 0.93113 0.93700
IS.............. o.B4887 0.86123 0.87248 0.88278 0.89230 0.90111 0.90933 0.91700
20•••••..•...... 0.83S8S 0.84911 0.86117 0.87224 0.88244 0.89191 0.90071 0.90896
25.............. 0.833S6 0.84663 o.BS848 0;86937 0.87941 0.88873 0.89741 0.90SS2
30.............. 0.82002 0.83363 O.84S99 0.8S734 0.86783 0.877SS 0.88663 0.89S10
3S.............. Q.79470 0.80949 0.82299 0.83S36 0.84681 0.8S743 0.86734 0.87661
40.............. 0.7S912 0.77S88 0.79064 0.lIo.t22 0.8167S 0.82842 0.83931 0.849S2
4S.............. 0.70773 0.72S76 0.14228 0.7S7SI 0.77161 0.7847S 0.19701 0.80854
50.............. 0.615S7 0.64664 0.66603 0.68396 0.70067 0.71624 0.73083 0.744S7
SS•.••••.••..•.. 0.50701 0.53197 O.SSSO? 0.576S8 0.S9673 0.6IS63 0.6334S 0.65029
60.............. 0.36229 0.38954 0.41509 0.43909 0.46179 0.48328 0.50370 O.S23 I I
6S.............. 0.21213 0.23BOS 0.26221 0.28S28 0.3073S 0.32850 0.34876 0.36820
70+·........ 0.08307 0.094S3 0.10502 0.11486 0.12409 0.1329S 0.14144 0.14971

, 10 /I 11 IJ If IS III

0.............. 0.86336 0.87674 O.8904S 0.90309 0.91476 0.92SS7 0.93560 0.94494
S.............. 0.949S3 0.95443 0.9S912 0.96350 0.96763 0.971SI 0.97S16 0.978S9

10.............. 0.94152 0.94732 0.9S233 0.9S716 0.96174 O.9660S 0.97012 0.97397
15•••••••••••••• 0.92421 0.93034 0.93688 0.94332 0.94938 0.9SSOB 0.96048 O.96SS6
20.............. 0.91668 0.9232S 0.93016 0.93701 0.94348 0.94961 0.9S542 0.96089
25.............. 0.91313 0.919S9 0.92609 0.93278 0.93916 0.94S23 0.9S100 0.95648
30.••••••••••••• 0.90308 0.90983 0.9163S 0.92330 0.92998 0.9363S O.9424S 0.94830
3S.............. 0.88S32 0.89273 0.89979 0.90722 0.91441 0.92136 0.92805 0.93450
40.............. 0.8S910 0.86133 0.87S10 0.88303 0.89078 0.89836 O.90S70 0.91283
..5.............. 0.81939 0.82883 0.837S8 0.84631 0.85492 0.86338 0.87167 0.87977
SO.............. 0.7S7S6 0.76888 0.77926 0.78960 0.79986 0.80999 0.82000 0.82983
55.............. G.66624 0.68009 0.69286 0.70563 0.71836 0.73103 0.74362 0.1S604
60•••••••.••.... 0.54161 0.5S762 0.57241 0.58738 0.60242 0.617SI 0.632S7 0.64754
65.............. G.38691 0.40312 0.41797 0.43324 0.44871 0.46436 0.48012 0.49S91
70+·........ O.lS782 0.16506 O.l719S 0.17921 0.18676 O.I946S 0.20283 0.21131

" " " 10 11 II u 14

0.............. 0.95365 0.96199 0.97088 0.9773S 0.98299 0.98778 0.99173 0.99413
c5.............. 0.98184 0.98493 0.98191 0.99037 0.9915S 0.99446 0.99610 0.9974S
10.............. 0.97761 0.98107 0.98487 O.9878S 0.990S2 0.99289 0.99494 0.99666
IS••••••.••••••• 0.97036 0.97493 0.98017 0.98413 0.98767 0.99080 0.99348 0.99S11
20.............. 0.96608 0.91104 0.97669 0.981 IS O.98SIS 0.98873 0.99186 0.99452
25.............. 0.96170 0.96670 0.97263 0.9774S 0.98184 0.98S87 0.98951 0.99269
30........;..... o.9S386 0.9S923 O.96S84 0.97129 0.97640 0.98120 0.98S63 0.98962
3S•••.••••••••.. 0.94067 0.94666 0.95402 0.96041 0.96660 0.972S7 0.97826 0.983S9
40.............. 0.91972 0.92643 0.934S8 0.94220 0.94978 0.95734 0.96482 0.97213
45.............. 0.88769 0.89542 0.90462 0.91387 0.92333 0.93301 0.94290 0.9S29S
50.............. o.B3949 0.84900 0.86020 0.81200 0.88429 0.89710 0.91047 0.92442
5S.............. 0.76828 0.78040 0.19498 0.8lOS I 0.82687 O.844IS 0.86247 0.88193
60.............. 0.66238 0.67716 0.695S9 0.71S3S 0.73640 0.75903 0.78347 0.81003
65.............. 0.51170 0.52754 0.54190 0.S7023 O.S9444 0.62104 0.65056 0.68364
70+·;....•.. 0.22004 0.22909 0.24092 0.25387 0.26814 0.28403 0.30119 0.3217S

• Value listed foraBC 70+ isT(BO)/T(70).
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TAllLE277. MALE 10·YEAR SURVIVOItSHIP PROBABILITIES. .OS..... +.. EAST MODEL

AI' SWW......fl!/lI6i"~ laS..... +4.jJ!_till" kwI:.. 2 J 4 s 6 1 ,
0.............. 0.74414 0.76915 0.79119 0.81086 0.82863 0.84479 0.85960 0.87325
5.............. 0.91040 0.91758 0.92415 0.93019 0.93577 0.94096 0.94581 0.9S036

10.............. 0.90296 0.91027 0.91697 0.92316 0.92887 0.93419 0.93917 0.94383
15.............. 0.87347 0.88290 0.89153 0.89952 0.90692 0.91381 0.92026 0.92630
20.............. 0.85126 0.86791 0.87768 0.88667 0.89505 0.90286 0.91015 0.91700
25.............. 0.84027 0.85215 0.86307 0.87313 0.88249 0.89122 0.89940 0.90708
30.............. 0.81048 0.82429 0.83704 0.84881 0.85976 0.86998 0.87958 0.88860
35.............. 0.17344 0.18926 0.80384 0.81733 0.82991 0.84166 0.85269 0.86308
40.............. 0.73224 0.74952 0.76538 0.78013 0.79387 0.80674 0.81882 0.83020
45.............. 0.68145 0.69971 0.71652 0.73218 0.74675 0.76045 0.77331 0.78543
SO.............. 0.60999 0.62944 0.64752 0.66434 0.68005 0.69483 0.70875 0.12191
55.............. 0.S0701 0.52831 0.54822 0.56681 0.58430 0.60079 0.61638 0.63118
60.............. 0.37574 0.39832 0.41955 0.43955 0.45846 0.47639 0.49345 0.50971
65.............. 0.23828 0.25935 0.27945 0.29856 0.31677 0.33421 0.35093 0.36696
70+· ........ 0.09812 0.10714 O.1IS58 0.12349 0.13100 0.13826 0.14531 0.15220

9 10 11 n IJ 14 IS 16

0.............. 0.88591 0.89767 0.90970 0.92036 0.93022 0.93937 0.94787 0.95579
5.............. 0.95463 0.95863 0.96243 0.96592 0.96928 0.97250 0.97559 0.9785s"

10.............. 0.94822 0.95236 0.95597 0.95946 0.96289 0.96622 0.96946 0.91260
15.............. 0.93200 0.93739 0.94214 0.94665 0.95107 0.95539 0.95960 0.96368
20.............. 0.92345 0.92955 0.93501 0.94010 0.94507 0.94995 0.95469 0.95931
25.............. 0.91432 0.92116 0.92739 0.93306 0.93861 0.94406 0.94936 0.95453
30.............. 0.89710 0.90516 0.91259 0.91917 0.92565 0.93200 0.93823 0.94430
35.............. 0.87289 0.88217 0.89076 0.898/1 0.90551 0.91277 0.91993 0.92697
40.............. 0.84097 0.85115 0.86052 0.86836 0.87622 0.88408 0.89191 0.89968
45.............. 0.79692 0.80780 0.8/112 0.82580 0.83398 0.84226 0.85057 0.85890
50.............. 0.73436 0.74619 0.75689 0.76548 0.71423 0.78314 0.79219 0.80132
55.............. 0.64520 0.65859 0.67050 0.68011 0.68998 0.70008 0.71039 0.12087
60.............. 0.52520 0.54004 0.55304 0.56367 0.57465 0.58596 0.59756 0.60940
65.............. 0.38235 0.39715 0.41000 0.42059 0.43161 0.44302 0.45481 0.46693
10+·........ 0.15896 0.16568 0.17183 0.17717 0.18285 0.18889 0.19529 0.20205

11 I' 19 20 21 22 2J U

0.............. 0.96318 0.97039 0.97739 0.98385 0.98836 0.99222 0.99523 0.99740
5.............. 0.98138 0.98407 0.98664 0.98909 0.99128 0.99339 0.99530 0.99694

10.............. 0.97565 0.97858 0.98139 0.98410 0.98700 0.98978 0.99240 0.99479
IS.............. 0.96764 0.97147 0.97516 0.97869 0.98251 0.98619 0.98968 0.99288
20••.•.......... 0.96378 0.96810 0.91227 0.97626 0.98039 0.98452 0.98845 0.99204
25.............. 0.95955 0.96440 0.96907 0.97356 0.97799 0.98261 0.98700 0.99103
30.............. 0.95022 0.95596 O.96ISO 0.96684 0.91202 0.97765 0.98305 0.98808
35.............. 0.93386 0.94059 0.94712 0.95344 0.95973 0.96688 0.97396 0.98081
40.............. 0.90735 0.91490 0.92229 0.92949 0.93705 0.94608 0.95543 0.96499
45.............. 0.86723 0.87547 0.88362 0.89161 0.90047 0.91159 0.92358 0.93651
SO.............. 0.81052 0.81970 0.82882 0.83783 0.84825 0.86177 0.87682 0.89368
55.............. 0.73146 0.74212 0.75276 0.76333 0.71598 0.79262 0.81\55 0.83331
60.............. 0.62145 0.63364 0.64587 0.65808 0.67320 0.69323 0.71643 0.74368
65.............. 0.47933 0.49196 0.50470 0.51752 0.53389 0.55582 0.58174 0.61295
10+·........ 0.20917 0.21662 0+2436 0.23237 0.24231 0.25545 0.27101 0.28912

• Valuc listedfor Igc70+ is T(80)/T(70).
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TAlLE278. MALE 10·YEAR SURVIVOItSHIP PROBA8ILmES, I~..... +...WEST MODEL

SwW"".,.,,**1Ii?o ttls,« +4'''''-''';'''':
A" 1 J " S • 7 ,..
0.............. 0.74016 0.76542 0.78774 0.80768 0.82567 0.84202 0.85699 0.87076
5.............. 0.88844 0.89789 0.90643 0.91422 '0.92137 0.92799 0.93412 0.93986

10.............. 0.86966 0.88036 0.89008 0.89894 0.90710 0.91465 0.92166 0.92820
15.............. 0.83180 0.84544 0.85784 0.86919 0.87963 0.88932 0.89833 0.90673
20.............. 0.80210 0.81813 0.83271 0.84610 0.85842 0.86986 0.88051 0.89046
25.............. 0.77441 0.79254 0.80907 0.82426 0.83827 0.85129 0.86342 0.87477
30.............. 0.73923 0.75973 0.77845 0.79567 0.81161 0.82642 0.84024 0.85320
35.............. 0.69930 0.72202 0.74279 0.76193 0.77969 0.79619 0.8\164 0.826\1
40.............. 0.65343 0.67801 0.70053 0.72131 0.74062 0.75863 0.775SO 0.79133
..5.............. 0.59612 0.62232 0.64646 0.66877 0.68954 0.70895 0.72717 0.74431
SO.............. 0.52275 0.55025 0.57S7t 0.59935 0.62143 0.64213 0.66162 0.67998
55.............. 0."2659 0."5518 0.48175 0.50661 0.52993 0.55190 0.57265 0.59229
60.............. 0.31766 0.34568 0.37200 0.39678 0.42018 0.44236 0.46343 0.48348
65.............. 0.20513 0.22995 0.25356 0.27614 0.29761 0.31812 0.33781 0.35663
70+·........ 0.08772 0.09860 0.10842 0.11769 0.12630 0.13446 0.1..235 0.15002

, 10 II 11 IJ U IS I.

0.............. 0.883SO 0.89534 0.90637 0.91670 0.92814 0.93788 0.94618 0.95401
5.............. 0.94520 0.95022 0.95494 0.95940 0.96416 0.96820 0.97175 0.97520

10.............. 0.93432 0.94006 0.94549 0.95060 0.95562 0.96024 0.96436 0.96838
15.............. 0.91461 0.92201 0.92900 0.93559 0.94179 0.94778 0.95317 0.95843
20.............. 0.89980 0.90858 0.91686 0.92470 0.93202 0.93916 0.94562 0.95190
25.............. 0.88543 0.89547 0.90494 0.91391 0.92229 0.93046 0.93785 0.94502
30.............. 0.86538 0.87687 0.88773 0.89800 0.90766 0.91690 0.92528 0.93346
35......":..... 0.8397" 0.85261 0.86479 0.87633 0.88732 0.89742 0.90661 0.91569
40.............. 0.80626 0.82037 0.83373 0.84640 0.85874 0.86945 0.87926 0.88911
..5.............. 0.76048 0.77579 0.79029 0.80408 0.81777 0.82901 0.83942 0.85000
SO...,.......... 0.69736 0.71384 0.72949 0.74439 0.75923 0.77108 0.78219 0.79358
55.............. 0.61095 0.62867 0.64557 0.66168 0.67762 0.69027 0.70222 0.71"58
60.............. 0.S0258 0.52080 0.53825 0.55493 0.57131 0.58428 0.59663 O.609SO
65.............. 0.37466 0.39197 0.40863 0.42463 0.44023 0.45260 0.46446 0.47690
70+·........ 0.15754 0.16497 0.17237 0.17978 0.18741 0.19395 0.20040 0.20738

17 "I' I' 20 21 11 n U

0.............. 0.96172 0.96889 0.97558 0.98182 0.98113 0.99123 0.99460 0.99711
5.............. 0.97853 0.98172 0.98479 0.98771 0.99040 0.99288 0.99514 0.99705

10.............. 0.97229 0.97606 0.97970 0.98320 0.98652 0.98976 0.99278 0.99545
15.............. 0.96354 0.96848 0.97324 0.97781 0.98221 0.98648 0.99049 0.99403
20.............. 0.95796 0.96384 0.96949 0.97490 0.98000 0.98495 0.98954 0.99353
25.............. 0.95199 0.95871 0.96519 0.97140 0.97714 0.98280 0.98805 0.99262
30.............. 0.94146 0.94921 0.95671 0.96394 0.97057 0.97742 0.98392 0.98972
35.............. 0.92465 0.93343 0.94198 0.95029 0.95793 0.96645 0.97488 0.98281
4O•••~.......... 0.89893 0.90866 0.91826 0.92767 0.93647 0.94709 0.95813 0.96922
..5.............. 0.86068 0.87138 0.88205 0.89261 0.90275 0.91578 0.92993 0.94500
SO.............. 0.80519 0.81694 0.82877 0.84057 0.85234 0.86808 0.88584 0.90569
55.............. 0.72727 0.74022 0.75336 0.76656 0.78013 0.79885 0.82058 0.84582
60.............. 0.62279 0.63647 0.65043 0.66457 0.67942 0.70054 0.72566 0.75582
65.............. 0.48986 0.50329 0.51709 0.53118 0.54623 0.56833 0.59521 0.628SO
70+·........ 0.21487 0.22288 0.23137 0.24033 0.24997 0.26357 0.28011 0.30041

• Vallielistedforage 70+ isT(80)/T(70).
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LOGIT VALUES BY SINGLE YEAR OFAGE FOR COALE-DEMENY
FEMALE LEVEL 16MODEL LIFE TABLES

TABLE 279. Loorr TRANSFORMATION OF THE COMl'LEMENT OF THE TAlLE280. LOOIT TRANSFORMATION OF THE COMl'LEMENT OF THE
PROBABILITY OF SURVIVING. 1 -/(x). NORTH MODEL PROBABILITY OF SURVIVING. 1 -/(x), SOUTH MODEL.. l.IJtI'f .cae ~,t .. l.IJtI'f .cae l.IJtI'f .. ~,t .cae f!;,tJr I-/(Jr Jr Jr I-/(Jr Jr I-/(Jr Jr Jr

1.............. -1.2556 34.............. -0.6434 67.............. -0.0533 1.............. -1.0807 34.............. -0.6252 67.............. -0.1163
2.............. -1.1332 35.............. -0.6312 68.............. -0.0184 2.............. -0.9376 35.............. -0.6165 68.............. -0.0806
3.............. -1.0655 36.............. -0.6189 69.............. 0.0187 3.............. -0.8807 36.............. -esen 69.............. -0.0423
4.............. -1.0177 37.............. -0.6065 70.............. 0.0582 4.............. -0.8524 37.............. -0.5988 70.............. -0.0013
S.............. -0.9826 38.............. -0.5939 71 .............. 0.1003 5.............. -0.8369 38.............. -0.5898 71.............. 0.0427
6............... -0.9601 39.............. -0.5812 72.............. 0.1450 6.............. -0.8265 39.............. -0.5807 72.............. 0.0898
7.............. -0.9406 40.............. -0.5684 73.............. 0.1927 7.............. -0.8176 40.............. -0.5715 73.............. 0.1404
8.............. -0.9237 41.............. -0.5554 74.............. 0.2436 8.............. -0.8100 41.............. -0.5621 74.............. 0.1946
9.............. -0.9093 42.............. -0.5423 75.............. 0.2979 9.............. -0.8034 42.............. -0.5526 75.............. 0.2527

10.............. -0.8968 43.............. -0.5291 76.............. 0.3559 10.............. -0.7976 43.............. -0.5429 76.............. 0.31S3
11.............. -0.8859 44........,..... -0.5157 77.............. 0.4180 11.............. -0.7925 44.............. -0.5331 77.............. 0.3824
12.............. -0.8763 45.............. -0.5023 78.............. 0.4845 12.............. -0.7879 45.............. -0.5229 78.............. 0.4547
13.............. -0.8677 46.............. -0.4886 79.............. 0.5558 13.............. -0.7833 46.............. --0.5126 79.............. 0.5327
14.............. -0.8596 47......:....... -0.4746 80.............. 0.6325 14.............. -0.7789 47.............. -0.SOI8 80.............. 0.6169
15.............. -0.8517 48.............. -0.4605 81.............. 0.7152 15.............. -0.7743 48.............. -0.4908 81 .............. 0.7081
16.............. -0.8424 49.............. -0.4459 82.............. 0.8044 16.............. -0.7685 49.............. -0.4793 82.............. 0.8071
17.............. -0.8329 so.............. -0.4310 83.............. 0.9011 17.............. -0.7623 SO.............. -0.4674 83.............. 0.91SO
18.............. -0.8233 51 .............. -0.4157 84.............. 1.0060 18.............. -0.7558 51.............. -0.4549 84.............. 1.0329
19.............. -0.8134 52.............. -0.3999 85.............. 1.1202 19.............. -0.7489 52.............. -0.4419 85.............. 1.1623
20.............. -0.8033 53.............. -0.3836 86.............. 1.2451 20.............. -0.7418 53.............. -0.4282 86.............. 1.3047
21.............. -0.7928 54.............. -0.3666 87.............. 1.3819 21.............. -0.7342 54.............. -0.4138 87....,......... 1.4622
22.............. -0.7821 55.............. -0.3490 88.............. 1.5324 22.............. -0.7264 55.............. -0.3986 88.............. 1.6369
23.............. -0.7712 56.............. -0.3306 89.............. 1.6984 23.............. -0.7183 56.............. -0.3825 89.............. 1.8315
24.............. -0.7601 57.............. -0.3114 90.............. 1.8821 24.............. -0.7101 57.............. -0.3654 90.............. 2.0489
25.............. -0.7489 58.............. -0.2913 91.............. 2.0859 25.............. -0.7017 58.............. -0.3473 91.............. 2.2926
26.............. -0.7376 59.............. -0.2703 92.............. 2.3125 26.............. -0.6933 59.............. -0.3279 92.............. 2.5662
27.............. -0.7262 60.............. -0.2481 93.............. 2.5650 27.............. -0.6849 60.............. -0.3073 93.............. 2.8742
28.............. -0.7146 61.............. -0.2247 94.............. 2.8469 28.............. -0.6764 61.............. -0.2853 94.............. 3.2213
29.............. -0.7030 62.............. -0.2000 95.............. 3.1619 29.............. -0.6678 62.............. -0.2617 95.............. 3.6128
30.............. -0.6912 63.............. -0.1740 96.............. 3.5143 30.............. -0.6592 63.............. -0.2365 96.............. 4.0547
31.............. -0.6794 64.............. -0.1464 97.............. 3.9087 31.............. -0.6508 64.............. -0.2095 97.............. 4.5537
32.............. -0.6676 65.............. -0.1172 98.............. 4.3503 32.............. -0.6423 65.............. -0.1806 98.............. 5.1174
33.............. -0.6556 66.............. -0.0862 99.............. 4.8450 33.............. -0.6337 66.............. -0.1495 99.............. 5.7541
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TAILE281. LOOIT TRANSFORMATION OF THE COMPLEMENT OF THE TAlLE282. Loorr TRANSFORMATION OF THE COMPLEMENT OF THE
PltOIAI/LITY OF SURVIVINO. I -/(x). EAST MODEL PltOlAI/LlTY OF SURVIVING. I -lex). WEST MODEL

A" ~t II" ~t II" ~t "" LoJi't A" ~,,1 A" LoJi't" " " " I-/(" " " I-If"
I .............. -1.0827 34.............. -0.6757 67.............. -0.0603 I.............. -1.2093 34.............. -0.6793 67.............. -0.0225
2.............. -0.9899 35.............. -0.6651 68.............. -0.0199 2.............. -1.0951 35.............. -0.6661 68.............. 0.0154
3.............. -0.9540 36.............. -0.6543 69.............. 0.0230 3.............. -1.0488 36.............. -0.6527 69.............. 0.0552
4.............. -0.9315 ·37.............. -0.6434 70.............. 0.0686 4.............. -1.0198 37.............. -0.6393 70.............. 0.0973
5.............. -0.9163 38.............. -0.6322 71.............. 0.1171 5.............. -0.9982 38.............. -0.6258 71 .............. 0./416
6.............. -0.9049 39.............. -0.6210 72.............. 0.1686 6.............. -0.98SO 39.............. -0.6122 72.............. 0.1884
7.............. -0.89SO 40.............. -0.6096 73.............. 0.2235 7.............. -0.9733 40.............. -0.5985 73.............. 0.2378
8.............. -0.8864 41.............. -0.5983 74.............. 0.2819 8.............. -0.9628 41.............. -0.5850 74.............. 0.2901
9.............. -0.8790 42.............. -0.5868 75.............. 0.3442 9.............. -0.9535 42.............. -0.5712 75.............. 0.3454

10.............. -0.8725 43.............. -0.5750 76.............. 0.4107 10.............. -0:9449 43.............. -0.5573 76.............. 0.4039
11.............. -0.8668 44.............. -0.5629 77.............. 0.4818 11.............. -0.9370 44.............. -0.5430 77.............. 0.4660
12.............. -0.8615 45.............. -0.5S05 78.............. 0.5579 12.............. -0.9294 45.............. -0.5285 78.............. 0.5320
13.............. -0.8564 46.............. -0.5377 79.............. 0.6396 13.............. -0.9220 46.............. -0.5136 79.............. 0.6022
14.............. ·-0.8515 47.............. -0.5244 80.............. 0.7276 14.............. -0.9146- 47.............. -0.4983 80.............. 0.6770
15.............. -0.8463 48.............. -0.5107 81 .............. 0.8224 15.............. -0.9068 48.............. -0.4825 81.............. 0.7570
16.............. -0.8399 49.............. -0.4964 82.............. 0.9250 16.............. -0.8975 49.............. -0.4663 82.............. 0.8426
17.............. -0.8331 so.............. -0.4815 83.............. 1.0363 17.............. -0.8878 so.............. -0.4495 83.............. 0.9344
18.............. -0.8259 51 .............. -0.4659 84.............. 1.1575 18.............. -0.8775 51.............. -0.4321 84.............. 1.0332
19.............. -0.8138 52.............. -0.4496 85.............. 1.2900 19.............. -0.8669 52.............. -0.4141 85.............. 1.1398
20.............. -0.8104 53.............. -0.4326 86.............. 1.4352 20.............. -0.8558 53.............. -0.3954 86.............. 1.2551
21.............. -0.8020 54.............. -0.4146 87.............. 1.5949 21.............. -0.8441 54.............. -0.3760 87.............. 1.3801
22.............. -0.7932 55.............. -0.3957 88.............. 1.7711 22.............. -0.8321 55.............. -0.3557 88.............. 1.5161
23.............. -0.7842 56.............. -0.3758 89.............. 1.9661 23.............. -0.8198 56.............. -0.3346 89.............. 1.6644
24.............. -0.7749 57.............. -0.3547 90.............. 2.1825 24.............. -0.8073 57.............. -0.3125 90.............. 1.8265
25.............. -0.7655 58.............. -0.3324 9/.............. 2.4232 25.............. -0.7947 58.............. -0.2894 9/.. ............ 2.0040
26.............. -0.7560 59.............. -0.3088 92.............. 2.6914 26.............. -0.7822 59.............. -0.2652 92.............. 2.1989
27.............. -0.7463 60.............. -0.2838 93.............. 2.9906 27.............. -0.7696 60.............. -0.2398 93.............. 2.4133
28.............. -0.7366 61.............. -0.2573 94.............. 3.3249 28.............. -0.7596 61.............. -0.2132 94.............. 2.6494
29.............. -0.7267 62.............. -0.2292 95.............. 3.6986 29.............. -0.7442 62.............. -0.1852 95.............. 2.9097
30.............. -0.7166 63.............. -0.1994 96.............. 4.1165 30.............. -0.7313 63.............. -0.1559 96.............. 3.1971
31.............. -0.7066 64.............. -0.1677 97.............. 4.5841 31.............. -0.7184 64.............. -0.1250 97.............. 3.5144
32.............. -0.6964 65.............. -0./340 98.............. 5.Jim 32.............. -0.7055 65.............. -0.0926 98.............. 3.8651
33.............. -0.6861 66.............. -0.0983 99.............. 5.6929 33.............. -0.6924 66.............. -0.0584 99.............. 4.2528
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Annex XII

GLOSSARY·

Age-Moping: tendency for enumerators or respondents to report cer­
tain ages instead of others; also known as age preference or "digit
preference". Preference for ages ending in zero or five is
widespread.

Agepallem offertility: relative distribution of a set of "age-specific fer­
tility rates". It expresses the relative contribution of each age group
to "total fertility".

Age trltio: ratio of the population in a given age group to the average
of the populations in the two neighbouring age groups. times 100.

Age-lfJ«ific fertility trite: number of births occurring during a specified
period to women of a specified age or age group. div.ided by the
number of person-years lived during that period by women of that
age or age group. When an age-specific fertility rate is calculated for
a calendar year. the number of births to women of the specified age
is usually divided by the mid-year population of women that age.

Age-specific mortality trite: number of deaths occurring during a
specified period to persons (usually specified by sex) of a specified
age or age group. divided by the number of person-years lived dur­
ing that period by the persons of that age or age group. When an
age-specific mortality rate is calculated for a calendar year. the
number of deaths to persons of the specified age is usually divided
by the mid-year population of persons of that age. Age-specific
mortality rates are generally denoted by "M". the annual death rate
of persons aged from x to x + n.

Age standardization: a procedure of adjustment of crude rates (birth.
death or other rates) designed to reduce the effect of differences in
age structure when comparing rates for different populations.

Birthhistory: report of the number and dates of all live births experi­
enced by a particular woman: see also "Pregnancy history". The
sex of each child. the survival of each child to the date of the inter­
view. and. where pertinent. the date of death are also generally
recorded.

Birth order: the ordinal number of a given live birth in relation to all
previous live births of the same woman (e.g.• 5 is the birth order of
the fifth live birth occurring to the same woman).

Birthtrite: see "Crude birth rate".
Chandrwelcotrln-Deming technique: procedure to estimate the coverage

of two independent systems collecting information about demo­
graphic or other events. based on the assumption that the probabil­
ity of an event being recorded by one system is the same regardless
of whether the event is recorded by the other system. The events
from both systems are matched to establish M. the number of
events recorded by both systems: U I' the number recorded only by
system I: and U2' the number recorded only by system 2. The
Chandrasekaran-Oeming formula then estimates total events. N. as

IV =M +U.+U2+U.U2IM.

Childbearing ages: the span within which women are capable of bear­
ing children. generally taken to be from age IS to age 49 or. some­
times. to age 44.

Children eYer born(e): number ofchildren ever borne alive by a partie­
ular woman: synonymous with "parity". In demographic usage.
stillbirths are specificallyexcluded. .

Cohort: 'group of persons who experienced the same class of events in
the same period. 'Thus. an age cohort is a group of people born dur­
ing a particular period. and a marriage cohort is a group of people
who married during a particular period. The effectsof a given set of
mortality or fertility rates are often illustrated by applying them to
hypothetical cohorts.

Cohort fertility: the fertility experienced over time by a group of

ITerms in quotation marks are listed in the glossary,
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women or men who form a birth or marriage cohort. The analysis
ofcohort fertility is contrasted with that of"period fertility".

Cf'IIfle birth trite: number of births in a population during a specified
period divided by the number of person-years lived by the popula­
tion during the same period. It is frequently expressed as births per
1.000 population. The crude birth rate for a single year is usually
calculated as the number of births during the year divided by the
mid-year population.

Cf'IIfle death trite: number of deaths in a population during a specified
period divided by the number of person-years lived by the popula­
tion during the same period. It is frequently expressed as deaths per
1.000 population. The crude death rate for a single year is usually
calculated as the number of deaths during the year divided by the
mid-year population.

Cumuloledfertility:an estimate of the average number ofchildren ever
borne by women of some age x , obtained by cumulating "age­
specific fertility rates" up to age x: also often calculated for age
groups.

Death trite: see "Crude death rate".
De facto population: population enumerated on the basis of those

present at a particular time. including temporary visitors and
excluding residents temporarily absent. See "DejUl"r! population".

De jure population: population enumerated on the basis of normal
residence. excluding temporary visitorsand including residents tem­
porarilyabsent. See "Defacto population".

DigitptrfetrnU: see "Age-heaping".
Dualrecordsystem: see "Chandrasekaran-Oeming technique".
Expectation oflifeat birth:average number of years that a member ofa

"cohort" of births would be expected to live if the cohort were sub­
ject to the mortality conditions expressed by a particular set of
"age-specific mortality rates". Denoted by the symbol eo in "life
table" notation.

Fertility history: either a "birth history" or a "pregnancy history".
Forward suniWlI: procedure for estimating the age distribution at some

later date by projecting forward an observed age distribution. The
procedure uses "survival ratios". often obtained from model "life
tables". The procedure is basically a form of population projection
without the introduction of new entrants (births) to the population.

General fertility nu«: ratio of the number of live births in a period to
the number of person-years lived by women of "childbearing ages"
during the period. The general fertility rate for a year is usually cal­
culated as the number of births divided by the number of women of
childbearing age at mid-year.

Gross trproduction trite: average number of female children a woman
would have if she survived to the end of her childbearing years and

, if. throughout. she were subject to a given set of "age-specific fertil­
ity rates" and a given "sex ratio at birth". This number provides 8

measure of replacement fertility in the absence of mortality.
Growth trite: the increase or decrease of a population in a period

divided by the number of person-years lived by the population dur­
ing the same period. The increase in a population is the result of a
surplus (or deficit) of births over deaths and of immigrants over emi­
grants. (The annual increase is often expressed as a fraction of the
total population at the beginning of the year. but this convention
has the inconvenient characteristic of not being readily defined for a
five-year interval and of being unequal to the difference between
the birth rate and the death rate even ~n the absence of migration.)
See also "Rate of natural increase".

Infant mortality mte: number of deaths of children under one year of
age occurring in the same year; also used in a more rigorous sense to
mean the number of deaths that would occur under ,one year of age



in a "life table" with a "radix" of 1,000, in whichsense it isdenoted
by the symbol Jfo-

life tIlbIt: listing of the numberof survivors at dill'erent ages(up to the
highest age attained) ina hypothetical "cohort" subject from birth
to a partic:ular let of "age-specific mortality rates". The rates are
UIUAIIy th~ obIervecl in a given population during a particular
periodof time. The survivors of the "radix" to age x are generally
denoted by l(x). The tabulations commonly accompanying a life
table include!Xher featuresof the cohort's experience: its expecta­
tion of life at each age x, denoted by ex; the probabilityof dying
from each age x to age x+n, denoted by .9,,; the person-years
livedby the hypothetical cohort as it ages from age x to age x +n ,
denoted by • L" (also equivalent to the populationaged x ;x + n in
a "stationarypopulation"experiencing a number of birthseach year
equal to the radix of the life table); and the person-years lived by
the hypothetical cohortfromage x onward,denoted by T(x).

Logit: The Iogitof a proportionp is ~ In(pI(I-p »). As a linearizing
transformation, the Iogit has been proposedas the basisof a model
life-table system in which the Iogitof a probabilityof dying by age
x~q~ is related linearly to the logit of a standard probability of
dyingby agex~q&) so that

Iogit ~q~= CI+P(logit("q&»)

where CI is a measure of mortality levelrelative to the standard and
/l is a parameterthat altersthe shape of the standard mortalityfunc­
tion.

MotitlJljertlllty: any measure of fertility in which the births (in the
numerator)are births to marriedwomen and in which the number
of p'crson-years lived On the denominator)also pertains to married
women. In someinstances, the categoryof married includespersons
in consensual unions.

M«I1I age of chi/4JeQrlng: average age at which a mortality-free
"cohort" of women bear their children according to a set of "age­
specific fertility rates".

M«I1I ageofchi/4JeQrlng In thepopulation: average age of the mothers
of the children born in a population during a year. This measure
incorporates the ell'ects ofboth mortality and the age distribution.

Med/Qn: the value associated with the central member of a set that is
ordered bysizeor someother characteristic expressed in numbers.

Migration rtIIe: number of migrants during a specified period divided
by the person-years lived of the population exposed to migration.
Alsosee "PopUlation changedue to migration".

Model life tQble: expression of typic:al mortality experience derived
~ a groupofobserved"life tables".

MO'ling tnmlfl!8: the successive averaging of two or more adjacent
valuesof a seriesin order to remove sharp ftuctuations.

Myers iltdtx: an index of digit preference that essentially sums in tum
the populationending in each digit over some age range, often 10­
89, expressing the totalas a percentageof the total populaticn, and
whichavoids the bias introduced by the fact that the population is
not evenlydistributedamong all ages by repeating the calculations
10 times, once for each beginning digit, and averaging the results.
The dill'erence between the average percentage for each digit and
the expectedvalue of 10per cent providesa measureof the prefer­
ence foror avoidance of the digitover the age rangeconsidered.

NtiJvnIJ fertility: age pattern of "marital fertility" observed in non­
contraceptive populations where reproductive behaviour is not
alI'ected by the numberofchildrenalready born.

Net migration: the dilI'erence between gross immigration and gross
emipation.

Net reproductJOII rtIIe: the averagenumber of femalechildren born per
woman in a "cohort" subject to a given set of "age-specific fertility
rates", a givenset of "age-specific mortalityrates" and a given"sex
ratio at birth". This rate measUres replacementfertility under given
conditions of fertility and mortality: it is the ratio of daughters to
mothers, assuming continuationof the specified conditions of fertil­
ityand mortality.

Ottw~1dmt mttltod: a refinement of the "reverse-survival" procedure
for fertility estimation, whereby estimates of "age-specific fertility
rates" for the recent past are obtained by relatingmothers to their
own children, using information on relationship and other charac­
teristics availablefiom a censusor survey.
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Parity: see "Childreneverborn".
PattitII binh rtIIe: the proportionof the population that enters (that is,

• born into) a given age category in a year. The age categories used
are normally open-ended; thus, the partial birth rate x +designates
the proportjonof the populationbecoming x yearsand older.

PaniDI death rtIIe: the proportionof the population that leaves(that is,
diesout of) a givenage categoryin a year. See "Partial birth rate",

Periodfertility: fertility experienced during a particular period of time
by women from all relevant birth or marriage "cohorts"; lICe also
"Cohort fertility".

PIF rtIIlo method: a consistency check for surveyinformationon fertil­
ity. Informationon recent fertility iscumulated to obtain measures
that are equivalent to averageparities. Lifetimefertility in the form
of reported average paritiesby age group,P, can then be compared
for consistency with the parity equivalents, F, by calculating the
ratio PIF for successive age groups. If certain assumptions about
error patterns are met, an improved estimate of fertility can some­
timesbe obtained by correctingthe age pattern of current fertility to
agree with the levelof lifetime fertility reportedby youngerwomen.

Populotion change due to migration: the sum of in-migrants minusout­
migrants during a specified periodof time. The change may also be
expressed as a rate by dividing the change by person-years lived in
the populationduring the sameperiod.

Png1Iancy history: a report of the number and dates of occurrence of
all the pregnancies experienced by a particular woman. The
outcomeof the pregnancy-live birth, stillbirth,foetal death-is also
recorded.

RiJdix: the hypothetical birth "cohort" of a "life table". Common
valuesare I, 1,000 and 100,000.

Roteof natuml inc_: the dill'erence between the births and deaths
occurringduring a given period divided by the number of person­
years lived by the population during the same period. This rate,
which specifically excludeschanges resulting from migration, is the
dill'erence between the "crude birth rate" and the "crude death
rate".

RetrospectiW! _y: survey that obtains information about demo­
graphic events that occurred in a given past period, generally ter­
minatingat the timeof the survey.

ReW!rse projection: see "Reversesurvival".
ReW!rse sunlWli:a technique to estimatean earlier population from an

observedpopulation,allowing for those membersof the population
who would have died according to observed or assumed mortality'
conditions. It is used as a method of estimatingfertility by calculat­
ing from the observed number of survivors of a given age x the
expected number of births that occurred x years earlier. (In situa­
tionsfor whichboth fertility and mortalityare knownor can be reli­
ably estimated,reverse survival can be used to estimatemigration.)

RDbustnas: a characteristic of estimatesthat are not greatlyall'ected by
deviations from the assumptions on which the estimationprocedure
is based.

Sex rtIIio at birth: number of male births for each female birthor male
birthsper 100femalebirths.

Singulate mean ageat marriage (SMAM): a measureof the mean age at
first marriage, derivedfrom a set of proportions of people singleat
dill'erent ages or in different age groups, usually calculated
separatelyfor malesand females.

Stable popukltlon: a populationexposedfor a long time to constant fer­
tilityand mortality rates, and closedto migration, establishes a fixed
age distribution and constant growth rate characteristic of the vital
rates. Such a population,with a constantage structureand constant
rate of growth,iscaUed a "stablepopulation".

Stationary population: a "stable population" that has a zero growth
rate, with constant numbers of births and deaths per year. Its age
structure is determined by the mortality rates and is equivalent to
the person-years lived(.L,,) columnof a conventional"life table".

SuniWli rtIIio: the probability of surviving between one age and
another; often computed for age groups, in which case the ratios
correspond to those of the person-years lived function, .LJ(' of a
"life table". Alsocalled"survivorship probabilities".

Survivorship probabilities: see "Survivalratio".
Synthetic parity: the averageparitycalculatedfor a hypotheticalcohort
. exposedindefinitely to a setof period "age-specific fertility rates".
Totalfertllity rtIIe (TFR): the average number of children that would

be born per woman ifall womenlived to the end of their childbear-



ing yearsand borechildren according to a givenset of "age-specific
fenility rates";abo referred to as tOlal fenility. It isfrequently used
to compute the consequence of childbearing at the rates currently
observed.

U1tit«l NatiDIU agtl.x tI«1IItICy i_x: an indexofage-reponingaccu­
racy that is based on deviations from the expected regularity of
population size and sex ratio.age group by age group. The index is
calculated as the sumof: (a) the mean absolutedeviation from 100
of the age ratios for males: (b) the mean absolute deviation from
100of the age ratios for females: and (I:) three times the mean or
the absolute dift'e~nce in reponed sex ratiosfromone age group to
the next. The United Nationsdefinesage/sex data as "accurate".
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"inaccurate". or "highly inaccurate". depending upon whether the
indexis lessthan 20.from 20to 40.or greater than 40.

W1Iippk:r i_x: a measureof the qualityof age-reporting basedon the
extent of preference for a panicular targetdigitor digits. The index
essentially compares the reported population at ages ending in the
lalBet digitor digitswith the populationexpectedon the assumption
that population is a linear function of age. For a panicular age
range. often 23-62. tlie population with agcs ending in the larget
digits is divided by one tenth orthe total population: the result is
then multiplied by 100and divided by the number of different tar­
get digits. A value of 100 indicates no preference for those digits.
whereasvaluesover 100indicatepositive preference for them.
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