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Tools for Demographic Estimation is the result of a project,
funded by the United Nations Population Fund (UNFPA)
and run under the auspices of the International Union for
the Scientific Study of Population (IUSSP), to bring together
in one place, and in a user-friendly style, key methods used
by demographers everywhere to measure demographic
parameters from limited and defective data.

The idea for To0ls for Demographic Estimation first arose at
a joint IUSSP/UNFPA meeting on ‘Applied and Technical
Demographic Training in Developing Countries’ held in
The Hague in March 2009, where concern was expressed
that the training of demographers in the use and application
of indirect estimation techniques was waning at almost
every academic institution around the globe.

Several factors have contributed to this state of affairs.
First, changing global population priorities, notably the
revised agenda adopted by the International Conference on
Population and Development held in Cairo in 1994, had
altered the funding landscape, with more resources being
devoted to the emergent fields of reproductive and sexual
health rather than the technical demography required to
study patterns of growth and to manage population increase.
Associated with this, the cohort of demographers who had
been trained in the classical methods and techniques was
ageing rapidly and few younger demographers were being
trained in either the science or the craft of demographic
estimation from limited and defective data.

Second, the Demographic and Health Surveys programme
(DHS), associated with the collection of full birth histories
and attendant direct estimation methods for fertility and
mortality, has created the impression that the tools and
techniques for estimating mortality and fertility from census
or other survey data were no longer as important as they had
been in the past. While there can be no doubt that the DHS
has contributed enormously to, and helped reshape, the
discipline of demography, the growing marginalization of
demographic analysis of census data and other demographic
materials limits our ability to understand demographic
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dynamics in developing countries. The role of the census
in providing a sampling frame for demographic surveys is
often forgotten. Moreover, the typical sample size of most
DHS means that precise estimates from such surveys are
seldom available at spatial resolutions smaller than regions
or provinces, while the information collected on relatively
rare events (such as adult deaths) is usually too sparse to
permit the derivation of robust estimates.

Third, in most parts of the developing world (sub-
Saharan Africa being the notable exception), improvements
in systems of vital registration and the collection of
demographic data in censuses mean that the existing
techniques of demographic estimation from limited and
defective data are regarded as obsolete. It is certainly the case
that in countries with complete and accurate registration
of vital events and a series of reliable censuses, direct and
continuous estimation of demographic parameters becomes
possible. In many low-income and middle-income countries,
however, neither condition yet prevails and so it remains
important to evaluate critically the quality of registration-
based statistics and cross-check them against census-based
questions on fertility and mortality.

A further reason for the decline in the priority accorded
to the teaching of indirect techniques of demographic
estimation is the natural evolution of populations where
even in the poorest countries, fertility is falling after several
decades of mortality improvement. The age distributions
of these populations are thus far from the theoretical stable
or even quasi-stable population model so that many of
the techniques based on such models and first formally
published by the UN Population Division (1967) are clearly
outmoded. This demise of so-called stable population analysis
led some analysts to prefer the DHS-style direct estimation
methods over the whole suite of methods developed initially
by Ansley ] Coale and William Brass, authors of the early
United Nations volumes.

In many instances, direct demographic estimation from
census, survey, or vital registration data remains impossible
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or problematic. This implies a continuing need for census-
based and other indirect estimates. The 2009 meeting furcher
noted that the canonical manual for demographic estimation
from census data, Manual X (UN Population Division
1983), was more than a quarter of a century old and that
several new methods and techniques had been developed
since its publication. Two other manuals have been prepared
since, Estimating Demaographic Parameters from Census Data
(Sloggett, Brass, Eldridge et al. 1994) and Methods for
Estimating Adult Mortality (UN Population Division 2002)
but neither atctempted a full and comprehensive revision and
update of Manual X.

The meeting at The Hague therefore resolved thata project
be initiated to revise and update Manual X. Following a
competitive call for proposals evaluated by the IUSSD, a
consortium of demographers based at the University of
Cape Town and the London School of Hygiene & Tropical
Medicine and independent demographers associated with
Harvard University was awarded the contract to develop the
material. 7ools for Demographic Estimation is the result.

The material presented here follows in a direct line of
descent from Manual X and the rationale underpinning the
work is fundamentally the same — to set out the methods
for estimating demographic parameters from limited or
defective data. We therefore strongly urge users of Zools for
Demographic Estimation to read the introductory chapter
to Manual X (available on the UN Population Division
website) both for its description of the need for and history
of indirect estimation methods, and for its discussion of the
limitations of reference works of this kind.

Tools  for Demographic Estimation differs from its
precursors in several important respects. The differences
stem in part from the enormous increases in computing
power available to analysts since the time Manual X was
published. They also reflect advances in approaches to
demographic estimation, new methods, and the evolution
of insights into how well different methods work, and under
what conditions. Thus, the methods described in 7o0ls for
Demographic Estimation and the earlier manuals are not
the same. A number of methods that have been developed
since the publication of Manual X are presented here for the
first time. Other methods that were presented in Manual X
have been excluded on the grounds that they have since
been found to work poorly or that more refined or newer
methods render them obsolete.

Second, unlike its precursors, Zools for Demographic
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Estimation is primarily an electronic, web-based, resource.
The print version represents the material on the project’s
website (demographicestimation.iussp.org) at the date of
printing. The website, however, is designed to be dynamic,
updated and changing over time. It follows that, whenever
possible, the reader’s primary point of reference should be
the website, rather than the print version of the manual. The
website, hosted by the IUSSD, is freely and readily accessible
to anyone on registration.

Third, the website includes downloadable spreadsheets
that implement the methods described, so as to facilitate their
application and use. The decision to implement the methods
using spreadsheets rather than in the form of downloadable
executable programmes (such as, for example, MortPak) is
intended to ensure a maximum degree of transparency. The
formulae and calculations are visible to the end-user, and the
spreadsheets can be modified by users if they do not exactly
match the data available. The spreadsheets are in Microsoft
Excel format but have been designed to be compatible
with other open-source spreadsheet applications. Only in
exceptional circumstances have Excel-specific facilities (such
as Solver) been employed.

A fourth difference from earlier manuals on indirect
estimation is that while Tools for Demographic Estimation
adopts much the same approach as its precursors in
providing step-by-step descriptions on how to apply the
methods covered, a greater degree of emphasis has been
placed on setting out the assumptions underlying each of
the methods, as well as the situations and conditions under
which the methods may be contra-indicated, or may produce
unreliable results. To assist users interested in understanding
how the methods work, we have endeavoured to present the
mathematical derivation of the methods in as accessible a
style as possible.

Fifth, Tools for Demographic Estimation incorporates
material on the assessment and measurement of migration
using census data, an area not covered at all in Manual X,
and last described in a work of this kind in Manual VI (UN
Population Division 1970).

Despite these advances, the present work suffers from
many of the same limitations as its precursors. In presenting
each method separately, the bigger picture associated with
demographic estimation from limited and defective data
is all too often lost. A significant component of this kind
of demographic work lies in piecing together a puzzle
composed of demographic parameters from multiple



methods and sources into a coherent, internally-consistent
whole. Demographic estimation of the kind presented
here is, ultimately, as much a craft as it is a science.
Where possible, we have sought to give a sense of the craft
involved. To facilitate and encourage the careful application
of the methods described here, the website also includes
discussion forums, which we hope will provide a vehicle for
discussion of the results from applications of the methods
presented, for suggestions for modifications or corrections
to existing methods, and for proposals for new approaches
to demographic estimation from limited and defective data.

Tools for Demographic Estimation has been a work long in
preparation. The editors record their gratitude to the many
people and organisations that have helped bring the project
to fruition. We note the contributions of Ralph Hakkert
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(GENERAL ASSESSMENT OF AGE AND SEX DATA

INTRODUCTION

“Ina perfect world, data would always be complete, accurate,
current, pertinent, and unambiguous. In the real world,
data are generally flawed on some or all of these dimensions”
(Feeney 2003: 190). The task of evaluating and assessing
data is an essential part of identifying the nature, direction,
magnitude and likely significance of these flaws. While the
primary point at which data evaluation and assessment takes
place is immediately after the data have been processed,
data evaluation and assessment are recursive activities — at
each analytical stage, the user of demographic data should
consider the results produced with a sceptical eye, alert to
possible indications of error or bias introduced by the data
into the results.

Here we set out the essential investigations that should
be carried out as a matter of course before embarking on
a process of demographic analysis. The basic principles
for performing demographic evaluation and assessment
have barely changed in the last half-century. Accordingly,
aspects of the material presented in this chapter have been
drawn from the United Nations’ Manual II: Methods of
Appraisal of Quality of Basic Data for Population Estimates
(UN Population Branch 1955), updated and modified as
appropriate, as well as from another, more recent, guide
to the evaluation of census data, the United States Census
Bureaus guide, Evaluating Censuses of Population and
Housing (US Bureau of the Census 1985). The latter work
provides a comprehensive and useful guide to the subject; in
particular, Chapters 4 and 5 are strongly recommended to
all analysts setting out on a process of data assessment and
evaluation of demographic data.

The next section explains why it is necessary to evaluate
demographic statistics. It also provides a high-level overview
of the principles and practices involved.

Tom A Moultrie

THE NEED FOR APPRAISAL OF DEMOGRAPHIC
STATISTICS

Population statistics, like all other demographic statistics,
whether they are obtained by enumeration, registration, or
other means, are subject to error. The errors may be large
or small, depending on the obstacles to accurate recording
which are present in the area concerned, the methods used
in compiling the data, and the relative efficiency with which
the methods are applied. The importance of the errors, given
their magnitude, depends on the uses to which the data are
put. Some applications are valid even if the statistics are
subject to fairly large errors; other applications require more
accurate data. When dealing with any given problem, it is
important to know whether the data are accurate enough to
provide an acceptably accurate answer.

For population estimates, evaluation of the census or
registration statistics on which the estimates are based is
doubly important. In the first place, an investigation of the
accuracy of the base data is a prerequisite to any attempt
at determining the reliability of the estimates. Errors
of estimation result both from inaccuracies in the basic
population statistics and from errors in the assumptions
involved in deriving the estimates (for example, in the
assumed population changes between the date of the latest
statistics and the date to which the estimate applies). Both
sources of error must be taken into account if the degree
of confidence that may be placed in the estimate is to be
known. Second, where an investigation into the accuracy
of the base data has revealed errors, the direction and
magnitude of which can be estimated, it is possible to
make explicit or implicit compensating adjustments, as the
estimates of population are prepared. It is often the case, too,
that reasonably reliable demographic measures (for example,
fertility rates) can be derived, even when the underlying data
are unreliable on some dimensions.

The purpose here is to describe the basic methods for
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appraising the accuracy of those aspects of the census data
most commonly used as a basis for current population
estimates and future population projections. It is assumed
that the results have been compiled from at least one census,
and that the analyst is faced with the problem of determining
the accuracy of the census and other population data, but is
not in a position to re-enumerate the whole population or
repeat any major part of the census undertaking.

It is not possible to consider in every detail all the possible
information which, in a given country, can be utilized for
an appraisal of its demographic data. For example, survey
data may provide estimates of demographic parameters that
would be valuable in evaluating the quality of data from
a census. Hence, the examples presented here should be
regarded as illustrations of methods and the results should
not be taken as definitive evaluations of the quality of the
particular data employed.

The results of the tests described in this manual are of
various kinds. Sometimes, a test will reveal only that statistics
are either “probably reasonably accurate” or “suspect”; if
they are “suspect” further intensive investigation is required
before a definite judgment can be made. Other tests will
not only indicate that errors are present, but also lead to an
estimate of the direction and probable extent of the error.
In the latter case, it is desirable to adjust or correct the
faulty statistics and to revise the estimates based on them.
The description of procedures to be used in the revision of
estimates, however, is outside the scope of this manual.

The distinction that is often drawn in demographic texts
between coverage errors (introduced through differential
enumeration across regions, ethnic groups, ages etc. leading
to the data set being unrepresentative of the statistical whole
it is meant to represent) and content errors (introduced
through respondent or enumerator error, or misreporting)
is not particularly helpful in determining strategies for data
assessment. In many instances flaws in the data may not be
attributable solely to one or the other kind of error. How-
ever, in seeking to explain and understand the errors iden-
tified, it is useful to consider where in the census process
the error may have been introduced. Doing so assists in the
determination of appropriate remedial courses of action to
correct the data if possible. The description of such remedies
is again outside the scope of this manual.
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BACKGROUND DOCUMENTATION THAT
SHOULD BE SOUGHT

The process of conducting a census is arduous and compli-
cated — it has been claimed, for example, that the decennial
census conducted in the United States is the largest and most
complex peacetime undertaking of the Federal Government
(National Research Council 2004). The same is probably
true in any other country conducting a census. To assist with
the task, recommended standards and procedures have been
drafted by the United Nations Statistics Division. Many of
the relevant manuals are available online: the two of great-
est interest to demographers analysing and evaluating the
quality of census data are the Principles and Recommenda-
tions for Population and Housing Censuses, Revision 2 (UN
Statistics Division 2008) and the Handbook on Population
and Housing Census Editing, Revision 1 (UN Statistics Di-
vision 2010a). The former offers guidance on the logistics
of conducting a census, from planning all the way through
to dissemination; the latter deals with the post-enumeration
handling of the data in preparation for release.

The nature and quality of the demographic data available
varies greatly between countries. Population censuses are
undertaken with varying frequency and accuracy, and vital
registration data contain widely divergent levels of detail,
and vary hugely in quality between and within countries.
Migration across national boundaries may be relatively
important or not. Consequently, different methods have
to be employed in different situations for the appraisal of
the accuracy of statistics, and it is therefore not possible to
consider all the detailed tests to which every conceivable
kind of data on the subjects covered here can be submitted.
The methods presented here may, therefore, not always be
directly applicable to a specific problem; modifications must
be identified to suit particular requirements.

Where possible the analyst should seek to obtain as much
relevant information as possible from the agency responsible
for conducting the census or survey regarding operational
practices and difficulties experienced, as well as the policies
and practices adopted for cleaning and editing the data
prior to release. Where a post-enumeration study has been
conducted, information on this should also be obtained.

In addition to data sources that may not be in the public
domain, the quality of the insights gained into the nature of
the data will depend on the ability of the analyst to bring to
bear on the data as much potentially relevant material, not
only demographic, but also social, economic, historical and



political information as possible. As a simple example (more
on which below), the dramatic decline in adult survival
probabilities in the late 1990s indicated by the data from
the 1992 and 2002 Zimbabwean Censuses can be explained
in large measure by the effects of HIV/AIDS on adult
mortality at that time.

TYPES OF TESTING PROCEDURES
Whether one is dealing with census data, vital statistics,
or records of migration, the same basic types of testing
procedures are applicable. This similarity arises from the fact
that demographic phenomena are interrelated both among
themselves and with other social and economic phenomena.
Some of these relationships are direct and necessary. For
example, the increase in population during a given interval
is precisely determined by the numbers of births, deaths, and
net migratory movements occurring in that interval. Other
relationships are less precise and less definite. For example,
in some countries, an economic depression is likely to result
in a declining, and prosperity in a rising, birth rate, but the
exact amount by which the birth rate will change cannot
be inferred even from detailed knowledge of the economic
situation.

The basic types of possible testing procedures can be
summarized as follows:

a) consistency checks, based on one or more censuses;

b) comparison of observed data with a theoretically
expected configuration, for example the use of balancing
equations and population projection models;

c) comparison of data observed in one country with those
observed elsewhere;

d) comparison with similar data obtained for non-
demographic purposes; and

e) direct checks (re-enumeration of samples of the popula-
tion etc.).

The first type of checking procedure examines the
consistency of the data, either internally (for example, does
the distribution of the population by age and/or sex conform
to expectations), or externally by means of comparison
with earlier data from the same country. Demographic
transition theory leads us to expect that — typically — birth
rates and death rates (and hence population growth rates)
will decline in a coherent, orderly fashion, without major
discontinuities. (The exception is the likelihood that, at
the very start of the transition, birth rates may rise). In the
absence of clearly identifiable exogenous factors (e.g. war,

famine or epidemics), deviations and departures from this
orderliness therefore strongly suggest problems in the data.

Comparisons of the second type have changed significantly
over the years. Historically, the most common tests of this
type were to compare the data against those implied by a
stable-population equivalent of the country in question.
With the onset of fertility decline in almost every country in
the world, the assumptions necessary for comparisons of this
type to produce meaningful results have become increasingly
invalid. Contemporary comparisons of this sort now more
frequently seck to compare male and female mortality rates
and sex ratios by age with those that would be anticipated
in contexts similar to those of the source of the data being
investigated. In addition, comparison with the results of
model outputs (for example, the United Nations World
Population Prospects or the US Census Bureau’s projections)
can be used to highlight possible inconsistencies in the data.

“Balancing equations” can also be applied to test the
consistency of the increase in population shown by two
enumerations at different dates, using the increase shown
by statistics of the various elements of population change —
births, deaths, and migration — during the interval. If all
the data were accurate, the two measures of increase (or
decrease) should be balanced. Aside from population
totals, the test can also be applied to sex and age groups
and other categories of population that are identifiable in
the statistics. Furthermore, by rearranging and re-defining
the components of this equation, separate appraisals can be
made regarding the accuracy of birth, death and migration
statistics.

The third type of test relies on prior knowledge of a
country that is expected to be demographically similar to
the country of interest. This may, for example, be a neigh-
bouring country. However, great care must be taken if this
approach is to be adopted to ensure that the similarities
between the two countries are sufficiently great (not only
demographically, but also socially, economically, culturally
etc.) to permit the extrapolation of data from one demo-
graphic setting to another.

The second and third types of check are similar. The
demographic changes observed in another country where
conditions are presumed to be similar can sometimes be
substituted for a theoretically expected configuration. In
both cases, the comparisons will differ, whether by a large
or a small amount. The essence of the test then rests on
the answer to the question: Can the difference between
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the observed and expected values be explained by historical
events or current conditions in the country, the data of
which are being tested? If not, then it must be concluded
that the observed data are “suspect”. Further investigation
may yield an explanation of the difference, or it may furnish
clear indications that the “suspect” data are indeed in error.
Very often this kind of method is applied as a preliminary
step, to suggest along what lines further testing should be
undertaken.

The fourth type of test relies on the availability of admin-
istrative or other social statistics that may shed light on the
demography of the country of interest. Estimates of the sizes
of different components of a national population might be
obtained from voters™ registers, school enrolment statistics,
select populations such as Demographic Surveillance Sites
(DSSs), etc. If such estimates differ from the population
census data, the question arises whether there is a satisfac-
tory explanation for the difference. Given the dependency
on the specifics of the local data available, and the nature
of the comparisons that might be drawn, tests of this type
are not discussed further here. However, care must be taken
not to assume these alternative sources are necessarily better
than the census being checked.

Finally, direct checks involve a field investigation, such as
a post-enumeration survey. The advantage of a direct check
consists in the fact that the individual persons enumerated,
or the individual events registered, can be identified, so that
not only the consistency of totals, but the specific errors of
omission or double-counting come to light. Direct checks
in the form of a post-enumeration survey also allow for the
correction of the enumerated population for an estimated
undercount.

The first four types of testing procedure give an indication
only of relative accuracy as both sets of data may be subject
to error. If several testing procedures are applied, or if
there is a strong presumption that one set of data used in
the comparison is highly accurate, the evidence so secured
provides a strong indication that the data being tested are
inaccurate. In many other instances, the comparison may
only reveal that at least one, if not both, sets of data are in
error.

The investigations described below concentrate on the
first and second types of test. (Direct checks are discussed
briefly elsewhere, in the section on post-estimation
consistency checks). Wherever possible, specific examples
are included. The data for these examples have been drawn
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from the census data held at IPUMS (Minnesota Population
Center 2010). However, only a fraction of the data and
knowledge available in each country was used in working
out these examples. Many more relevant data, some of them
not published anywhere, exist in these countries.

A final observation before proceeding to the description
of the various tests described here: most (although not all) of
the tests can be applied at smaller geographical subdivisions,
with the caveat that migration plays an increasingly signifi-
cant role in determining the size and shape of populations
at smaller levels of disaggregation. Here, too, we expect to
find “orderly” patterns of population change, both within
the same subdivision in successive intercensal periods, and
among different subdivisions in any period. Any dissimilari-
ties should be explicable in terms of known conditions. As
a practical matter it is well known that there may be con-
siderable diversity in the rates of population change among
the various parts of any nation. Accordingly, the problem
becomes one of trying to distinguish between changes which
are explainable in terms other than errors in the statistics
and those which are not.

PRELIMINARY CHECKS

Before trying to assess the quality of the data the analyst

should:

* Review the census enumeration procedures and informa-
tion on the quality of performance, including ascertain-
ing whether a post-enumeration survey was done, and
whether the data should be weighted and, if so, how.
Where possible, access to unedited, or only lightly-edited
data should be sought, along with the manuals and algo-
rithms used to edit the data.

* Ascertain how the data were collated into machine-
readable form. Manual entry has the limitations of being
slow; optical scanning — a technique adopted for many
censuses in the 2000 and subsequent rounds of censuses —
offers a faster processing time than manual capture, but is
subject to numerous other faults (for example, difficulties
in distinguishing 1s and 7s in many scripts), as well as
problems associated with scanning the last pages of census
forms, which may have become contaminated with dirt.

* Compare the census figures with any available data from
non-demographic sources which relate to the numbers of
the population or parts thereof.

* Compare the population distribution as revealed by
the census findings to known characteristics of the



subdivisions; for example, the population density of rural
areas should be less than that of urban areas.

* Compare the head and houschold counts (along with the
average number of people per household and number of
single-person households) at a national and regional level,
and by urban/rural subdivisions to see if they make sense.
The degree of accuracy in a count of the total number

of people in a country is directly related to the accuracy

with which the entire census operation is conducted. The
head count may be either more or less accurate than the
enumeration of constituents of the population, such as by
age or marital-status groups, but if all the census procedures
are of poor quality and the characteristics of the population
have not been accurately determined there is little likelihood
that the head count will be correct. Indeed, one of the ways
of appraising the quality of the head count consists of
analysing the accuracy of data on various characteristics of
the population. This analysis may not only reveal evidence of
inaccurate classification of the individuals enumerated, but
also may reveal a tendency to omit certain categories of the
population. Special efforts should be made to appraise the
completeness of the census counts in those areas or among
those population groups which are known to be subject to
conditions unfavourable for census taking. For example,
there has been a long tradition of omission of very young
children in censuses conducted across sub-Saharan Africa.
A detailed description of the factors which contribute to
the completeness of a census count is beyond the scope of
this manual. These factors are comprehensively discussed in
many standard demographic texts (e.g. Shryock and Siegel
(1976); UN Population Branch (1955)).

Missing and edited data

It is improbable that each and every respondent answered
questions on both age and sex. If there are no missing data
for these variables, the data have almost certainly been
edited. Not all editing is bad. However, since a crucial part of
determining the overall reliability of a data set hinges on the
internal coherence of the age-sex structure of the population,
it is preferable to be able to determine which data variables
have been cleaned or edited as well as to be able to evaluate
the rules applied to effect such changes. Sometimes this is
indicated through inclusion of edit-flag variables, which
may also indicate the types of editing and imputation that
have been used for that particular variable. If this is the case,
the distributions of the edited data according to the method

used to derive the final data can highlight flaws or anomalies
in the edit rules. Where possible, access to the unedited
and uncleaned (or only very lightly edited/cleaned) data is
desirable. Unfortunately, few countries release data with edit
flags let alone provide access to a version of the data before
editing took place.

The proportion of the data on any given variable that has
been subjected to editing or imputation is also important.
If too great a proportion of the data has been ‘put’ there by
means of editing or imputation, the resulting distribution
will reflect the assumptions underlying the rules used to edit
the data rather than, necessarily, reality.

Where data on age are missing for some of the
population, a decision needs to be made as to how to treat
these records. Simply removing them from the analysis is
not recommended: doing so reduces the absolute size of the
population, and assumes that the age distribution of those
people whose ages are missing is the same as that of those
whose ages are not. If this is believed to be the case, missing
ages in tables should be apportioned in accordance with the
age distribution of the population whose ages are known.
Thus (and analysing the data separately by sex, if required),
if we define NV, to be the enumerated population aged x, and
N, to be the enumerated population with missing age, we
would apportion these cases to individual ages:

N Zw:Nx +N,
N;: = Nx + Nm @ * = NX =0 @
2N 2N
x=0 x=0

However, if strong grounds exist to believe that the
missing ages are clustered in a portion of the population,
the apportionment should be modified to take this into
account. For example, it may often be reasonable to assume
that respondents would know the ages of children below a
certain age, say 20.

When confronted with the need to apportion data on two
dimensions (e.g. age and region), the approach set out by
Arriaga in US Census Bureau (1997) should be followed.
The method requires iteratively scaling the columns and then
the rows to sum to the desired marginal totals. Convergence
typically happens after a few iterations. The accompanying
spreadsheet (see website) implements this approach and can
handle up to 20 rows and 30 columns.
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CHECKS BASED ON THE AVAILABILITY OF
DATA FROM A SINGLE CENSUS

The checks based on only one census should be done as a
matter of course for all censuses, regardless of the availability
of data from earlier censuses or surveys. These checks provide
the basic insights into the demographic data collected in the
census, and rest, largely, on evaluating the consistency and
orderliness of the data by age and sex.

Age- and sex- distributions

Given the centrality of age and sex in determining all three

components of demographic change, investigations of the

distributions of the population by age and sex are funda-

mental to any process of data assessment and evaluation.

Investigations of this type can provide essential information

on:

e the age and sex structure of the population;

e differential coverage or omission;

e the accuracy of reported ages, as well as the presence of
digit preference; and

* whether the data have been subjected to editing or not.

Population pyramids and other graphical assessments
The drawing of population pyramids is not recommended
as a tool for assessing the quality of demographic data,
although they are useful for a number of other applications,
and animated population pyramids are a useful instructional
tool for demonstrating how populations change over time;
cf. the examples of Canada or Germany). Historically,
population pyramids were used to get a sense of the overall
population structure as enumerated in the census. Although
the graphing of rudimentary population pyramids in Excel
is relatively straightforward, the correct formatting of them
is laborious. More significantly, visual assessment of the data
is difficult when the age-sex data are presented in this form.
The same information (and more) can be far more readily
provided simply by graphing the enumerated population
by age and sex on the same pair of axes instead. The first
assessment of the data should be done by single years of age,
after which one can progress to examination of the five-year
age distributions.

Identification of heaping on age
One of the benefits of graphing the population by single
years of age and sex is that occurrences of data heaping by

age are made visible from the start. Visual assessment of age
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heaping is probably as good an indication of age heaping
as those of derived measures such as Myers’ Blended Index,
Whipple’s Index or the United Nations Age-Sex Accuracy
Index. These indices can be useful for comparative purposes
but the scales of the indices are indicative at best, and the
added information gained from the index over a simple
graphical assessment often does not justify their use. The
US Census Bureaus manual reaches a similar conclusion:
“While these procedures are useful as summary measures
or for comparative purposes, they generally do not provide
any insight into patterns of error in the data that cannot be
obtained through graphical and ratio analyses of the data.”
(US Bureau of the Census 1985: 140)

Heaping usually — but not always — takes the form of
concentrations of the age distribution of the population on
ages ending in 0 or 5. Depending on how the age variable
in the census is collected or derived, heaping may occur on
other ages, too. For example, if age at the census is derived
from the respondent’s reported month and year of birth,
heaping may occur on reported years of birth ending in 0 or
5 (19205 1925, etc.); the associated heaping by years of age in
completed years will depend on the census date. In addition,
other forms of heaping may not be readily apparent — for
example that occasioned by mass registration at one point in
time, or events of major historical significance — leading to
preferences for ages ending on 0 or 5 on that date.

Given the expectation of orderly demographic change
in the absence of significant exogenous events, a smooth
progression in the numbers of people enumerated at each
age is expected. In developing countries where fertility has
remained high, one would expect the population size to
decrease monotonically by age. If the absolute number of
births has been declining in recent years, one would expect
to find fewer children at younger ages than at slightly older
ages.

One limitation of graphing of the population by age and
sex is that distortions and error in the data at older ages
will be obscured by the (much) larger population sizes
at younger ages. Ratios or relative rates can be used to
explore possible distortions and errors for older ages. If no
comparator data are available, then the higher age ranges
should be considered separately.

Age ratios
While heaping on particular ages are generally more easily
identified graphically than through calculated measures, the



calculation of age ratios can provide a useful indication of
possible undercounts or displacements between age groups.
The age ratio for a given age group is the ratio of twice the
population in that age group to the sum of the population
in each of the adjacent age groups. Algebraically,

R 2. N,

AR =——=te 100,
(an—5 + an+5)

On the presumption that population change is roughly linear
between age groups, the ratio should be fairly close to 100.
Deviations from 100, in the absence of plausible exogenous
factors (e.g. migration; past calamities affecting particular
age groups) are indicative of undercount or displacement
errors in the data.

An aberration in the population numbers in any one
particular age group (either real, or arising from an error in
the data) is likely to cause disturbances in the age ratios for
the age groups on either side. If one age group is particularly
small, this will result in the age ratio for that age group being
below one, with spikes in the adjacent groups.

Sex ratios

A second class of checks is to assess the sex ratios in the
population, both generally and at each age. The overall sex
ratio (SR) is the ratio of the number of males per 100 females
in the population. This ratio can then be disaggregated by

age as follows:

SR_= AV .100,
n x nN;‘

where | N! represents the enumerated population of sex i
(i=m or f) between ages x and x+ 7.

Since female mortality is typically lower than male
mortality in most populations, the sex ratio should reflect
this mortality differential. In developed countries, the sex
ratio at birth (SRAB, the number of male children born
per 100 female children) is typically around 105, while in
sub-Saharan Africa, it appears to be closer to 100 (Garenne
2004). Values of the SRAB, derived (for example) from
the sex of the last reported birth in the census or vital
registration data, outside this range are indicative of sex-
selective abortion, infanticide, or reporting problems.

In the absence of significant net migration, the overall
ratio reflects the relative mortality of females and males.
Provided there are no specific reasons why female mortality
might be higher than that of males (e.g. sex-specific foetal

selection; infanticide of female babies; very high maternal
mortality; or widespread neglect of women as discussed by
Sen (1992)) one would expect the overall sex ratio to be
slightly less than 100. Given the differences between male
and female mortality, particularly at older ages, the exact
magnitude of the overall ratio will be strongly conditioned
by the age structure of the population, being lower for older
populations, and higher for younger populations.

Between birth and late middle-age (around 45 in
developing countries; 60 or older in developed countries)
the sex ratio typically should decline only slowly unless there
is significant net migration. Thereafter, the sex ratio tends to
fall rapidly as male mortality begins to greatly exceed female
mortality. A common departure from this pattern is visible
in countries with high levels of sex-selective labour migration
among young adults. If large numbers of young men are
living outside the country at the time of enumeration, this
will reveal itself in a sharp decrease in the sex ratios, followed
by a gradual recovery among older men as these labour
migrants return home.

Concluding comments

An integrated assessment of the quality of the data collected
in a census and survey must seek to explain — with as
few assumptions as possible — the features observed in
the data. In this regard, the analyst must be alert to well-
documented problems found with census data on age and
sex — the undercount of young men of working age, and the
exaggeration of ages that is frequently found in countries
with some form of social welfare such as a state old-age
pension. Finally, if there has been significant immigration, it
may be useful to analyse the local-born population separately
from the entire population; no comparable exploration is
available for emigration, unless data by age, sex and country
of birth are available for key destination countries.

EXAMPLE
The accompanying spreadsheet (see website) gives data from
the 11.35 per cent sample from the 2001 Census of Nepal,
held by IPUMS (Minnesota Population Center 2010). The
data appear to have been subject to some kind of editing or
cleaning, as there are no cases of missing age or sex in the
data. The analyst should seek to determine the nature and
extent of any such edits.

As suggested above, we begin by graphing the enumerated
population by single year of age and sex (Figure 1.1).
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Visual inspection of the left-hand panel immediately
highlights the extreme digit preference for ages ending in 0
and 5 in these data. By way of example, the population of
both males and females enumerated at age 30 is more than
three times the population aged either 29 or 31. Heaping is
also visible on ages ending in 2 and 8. Digit preference is less
marked for the population aged less than 30, although this
is in part due to the heaping visible on other ages (8, 12 and
18). Clearly the reporting of individual ages is not robust in
these data.

Also strongly evident in these data is the sharp fall-off
in the enumerated population under the age of 5, with the
enumerated population aged 1 being approximately two-
thirds of that aged 5. It is unlikely that fertility has fallen by
that magnitude in such a short period of time, and hence
the initial presumption must be that young children were
differentially undercounted in that census. Misreporting of
children’s ages — resulting in an over-statement of the num-
ber of children aged 5-9 might also have contributed to the
shortfall of younger children.

FIGURE 1.1 Age and sex structure, by single and grouped ages,
Nepal, 2001 Census

Plotting the same age distribution in five-year age groups
to smooth the data (right-hand panel of Figure 1.1) provides
further insights. Again, the sharp fall-off in the population
aged under 5 is visible, but visual comparison of the popula-
tion aged 5-9 with that aged 10-14 suggests the possibility
that there may have been some under-enumeration of chil-
dren aged 5-9 too. This calls into question the possibility
that there may have been large-scale transference of children
aged 0—4 into the 5-9 age group. Finally, the age ratios for
five-year age groups are shown in Figure 1.2.

The age ratios are generally close to 1 for both sexes,
except at the youngest ages (indicating some omission of
children aged 0—4, as well as a lesser degree of displacement
of children into the 5-9 age group). The fall-off in the age
ratios at the oldest ages is to be expected given the rapid
increase in mortality at those ages.

In the absence of additional information, the age and
sex distributions cannot be analysed further, but the analyst
may wish to compare the relevantly aged population against
administrative data indicating the numbers of children
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enrolled in school, or compare the administratively reported
births 5-9 and 10-14 years prior to the census. A comparison
can also be made against the estimated population aged 5-9
derived by applying estimates of fertility rates from the mid-
1990s to the estimated female population at about that time.

A second characteristic of the data that may require further
investigation is the relative populations of males and females
by age group. In aggregate the sex ratio of the enumerated
census population is 100.5 men per 100 women. There is a
noticeable surfeit of enumerated males until age 20. Between
ages 20 and 40 there would appear to be more females than
males. This could be the consequence of (male) labour
out-migration, or a differential undercount of young adult
men. The analyst should seck to find explanations for this
phenomenon. However, (male) labour out-migration could
plausibly account for some of the shortfall; the enumerated
surfeit of men between the ages of 40 and 60 coincides with
the ages at which men are most likely to return from work
abroad, although this cannot account for the sex ratio rising
above unity. One explanation might be that the sociological

phenomena (sex-selective abortion; female infanticide)
described by Sen (1992) in India might apply equally in
Nepal.

Considering Figure 1.3, two features of the sex ratios by
single years of age (left-hand panel) stand out. First, they
are quite erratic, falling sharply from age 60 onwards at ages
ending in 0 and 5. This suggests that ages of men were less
likely to be heaped on those digits, and more likely to be
heaped for women. Second, in addition to the deficit of men
between the ages of 20 and 40 identified earlier, judging
from the fact that the sex ratios remain above (or very close
to) unity until the oldest ages, there would also appear to
be a shortage of women over the age of 40 in the census.
Again, the applicability of Sen’s hypothesis to Nepal should
be investigated.

The data presented by five-year age groups (right-hand
panel of Figure 1.3) is smoother, but nonetheless reaffirms
the analysis above.

Further insights into the nature and quality of the age and
sex data from the 2001 Nepal Census can be gained from a

FIGURE 1.2 Age ratios by sex and five-year age groups, Nepal,
2001 Census
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comparison of these data with the United Nations Population
Division’s most recent estimates for the country in 2001
(UN Population Division 2011). These estimates stand in
marked contrast to the census data. The most effective way
to show the differences is to plot the ratio of the enumerated
population (by age and sex) to the UN Population Division’s
estimated population for 2001 (Figure 1.4).

Ratios above the age of 90 are not shown as they are
even more extreme — rising to 9.7 (for males) and 8.6 (for
females). If they were shown, they would mask the differ-
ences at younger ages.

While the UN estimates primarily reflect the assump-
tions that went into them, the huge discrepancies between
the two sets of estimates require careful investigation. Up
until age 15, the ratios for males and females follow almost
identical trends. However, the enumerated population of
males and females at age 0—4 is some 30 per cent lower than
that estimated by the UN, while that at 10-14 is within two
or three per cent. At older ages, the patterns by sex diverge
markedly: the number of women between the ages of 15

FIGURE 1.3 Sex ratios by single and grouped ages, Nepal, 2001
Census

and 55 differs between the two data sources by an almost-
constant five per cent.

Relative to the UN projections, there appears to be exten-
sive age exaggeration at older ages, especially amongst men.

The comparison of the sex ratios by age calculated from
the 2001 Census data, and those estimated for 2001 by the
UN Population Division (Figure 1.5) also reveals noticeable
differences. Further work is certainly required to understand
what may account for the widely divergent accounts of the
demographic structure in this country.

CHECKS BASED ON MULTIPLE CENSUSES

In addition to the checks described in the previous section,
the availability of additional sets of data from earlier censuses
(and vital registration systems) makes other investigations
possible.

It is often difficult to determine whether irregularities
revealed by the evaluation of the age and sex structure of
a population in a single census are due mainly to errors in
the data or to real peculiarities of the population structure.
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When the results of two or more successive censuses are
available, it is often possible to clear up these uncertainties
even without the use of any more elaborate techniques than
were described in the preceding section. For example, if the
age statistics from the 2008 Census of Cambodia were at
hand, the possibility of explaining certain irregularities in
the 1998 data as the results of birth deficits or deaths in the
period of the Khmer Rouge’s rule in the late 1970s would
be greatly clarified. If the 2008 figures should show the same
peculiarities in the age groups ten years higher, but not in
the same age groups in which they appeared in 1998, there
would be a strong basis for concluding that these peculiarities
reflected the true figures, rather than enumeration errors.
Still more definite information regarding errors can be
obtained where data from two or more censuses at intervals
of a few years are available, by using balancing equations or
analogous calculations with the data for particular cohorts —
comparing, for example, the numbers reported at ages 10—
14 in an earlier census with those reported at ages 20-24 in
a census ten years later. Where data from a series of three or

more censuses are available, the returns may be linked in this
manner over the entire series. For the purpose of explaining
the techniques, however, it is sufficient to consider examples
of the use of data from two censuses.

Again, the guiding principle to be followed in comparing
the results from two or more successive censuses is that
population changes normally proceed in an orderly manner.
When such an orderly pattern is not observed, the deviations
should be explainable in terms of known events, such as
the curtailment of immigration, the occurrence of famine,
or some other event. Deviations from the pattern which
cannot be so explained constitute a warning of possible
errors; and the presumption of error is greatly strengthened
if the results of other tests are found to point in the same
direction. In some countries it may be possible to apply
these tests to the various ethnic groups separately, if age
and sex data are tabulated for such groups and if data are
available on immigration and emigration of these groups (or
if the groups in question are not substantially affected by
international migration).

FIGURE 1.4 Ratio by age and sex of enumerated population in
2001 to UN Population Division World Population Prospects
(2011) estimates for 2001, Nepal
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Checks making specific use of multiple censuses are, for
the most part, based on (and in some cases, are) methods
used to measure adult mortality — in other words, the assess-
ment of the consistency of the data is a by-product of the
methods to estimate adult mortality. This chapter describes
some of these based on the data that are likely to be available.

Evaluation of intercensal growth rates
The growth rate, 7, is defined as

N(t,)

n
N(t,)

(t,—1,)

where N(z,) is the total population at time #;, and similarly
for N(t,).

If the country’s population changes only through natural
increase, it is very unlikely to have an average annual rate
of growth exceeding 3.5 per cent. A rate at this level would
be the result of a high birth rate (say 45 or more per 1,000)

FIGURE 1.5 Sex ratios by age group from the enumerated
population in 2001 and the UN Population Division World
Population Prospects (2011) estimates for 2001, Nepal

and a very low death rate (say 10 or less per 1,000). Further,
it is only in unusual circumstances that the population of
a developing country would be likely to decline without
heavy emigration. In fact, nearly all observed rates of natural
increase in modern times have been in the range from zero
to 3.5 per cent. In a few developed countries, according to
the 2010 World Population Prospects, natural growth is
negative. If, in any given country, the rate of population
change approaches or exceeds these limits without large-
scale immigration or emigration, the question must be
raised as to whether there is some explanation for such an
unusual rate, or whether the census counts were in error.

With some information, however approximate, regarding
the conditions of mortality and fertility in the country, the
limits of the likely rate of growth may be defined more
closely.

If population counts are available for three or more
successive censuses it becomes possible to make a more
accurate evaluation by comparing successive rates of growth.
Again, the same principle is followed, namely, that the
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pattern of population growth should be regular except in so
far as it can be shown that changes in the circumstances may
have led to departures from the pattern.

Further, provided the censuses are undercounted to the
same extent, the estimate of 7 is correct. Thus tracking » can
provide an indication of relative undercount between pairs
of data.

Cohort survival ratios

Any particular age group can be defined as a cohort: for
example, boys under 5 years of age, women 50 to 54 years,
or all persons 10 to 19 years of age, at a given census date. If
a second census is taken exactly one decade later, the surviving
members of each cohort will be exactly ten years older at the
time of the second census. However, their numbers will be
reduced by deaths and they may be increased or reduced by the
balance of immigration and emigration. Ordinarily, mortality
is the main factor; if the migration balance is negligible, the
change in numbers can be used to compute a survival ratio
analogous to that of a life table. Computed for one cohort only,
such a survival ratio often reveals little, if anything, about the
accuracy of the statistics. However, a patently absurd result
would give clear evidence of error. For example, an increase
in the numbers of a cohort, from one census to another, is
obviously impossible, unless there has been a substantial
amount of immigration. Similarly, even under conditions of
very high mortality, it is unlikely that a cohort aged anywhere
between 5 and 60 years at the beginning, will be reduced by
one-half within a decade.

More accurate judgement is possible if the survival ratios
are compared for cohorts of each sex at different ages.
Survival ratios are functions of age-specific death rates,
and, like these, generally conform to more or less the same
pattern of variation from age to age whether mortality is
high or low. The rate of survival increases after the earliest
years of childhood and usually attains its maximum around
age 10; thereafter it declines, at first very gradually, but
more and more rapidly as advanced ages are attained.
Also, at most or all ages females usually have a somewhat
higher rate of survival than do males of the same age. If the
hypothetical survival ratios computed for different cohorts
deviate significantly from this pattern, and if no explanation
(such as migration) can be found, inaccuracy in the statistics
must be suspected.

Under what conditions can such comparisons of cohorts
in successive censuses be made most meaningfully? One

condition is either the absence of substantial net immigration
or emigration or full knowledge about the age and sex
composition of the migrants. A second condition, analogous
to the first, is that of constant boundaries. If the country’s
boundaries have changed between the two censuses so that
considerable numbers of people have been added to or
subtracted from the population, the age and sex composition
of these people must be known, if the cohort analysis is to
give an accurate indication of the accuracy of the statistics.
A third condition is that the population covered by the two
censuses must be the same. For example, if the entire male
population is enumerated in one census, but the military
is excluded at the second, the age cohorts involving the
military cannot be compared without a suitable adjustment,
unless the number of the military is negligible. If nationals
living abroad are included in one census, and excluded from
another, and if the numbers involved are large, especially if
they are concentrated in any particular age or sex groups,
this type of analysis is invalidated.

In the case of a country where immigration is substantial,
under certain circumstances a cohort can be compared
at two censuses even if migration data are lacking. If the
native-born population (that is to say, persons born in the
country) are known not to have emigrated in significant
numbers, comparisons of the two censuses can be limited
to that population.

Survival ratios can be calculated over any age span and
time interval, provided one has data by single years of age
for at least one of the pair of censuses. With the decennial
programme of censuses recommended by the United
Nations, a ten-year span of ages is typical.

Method

Cohort survival ratios (CSR) measure the proportion of
people enumerated at age x to x+ 7 at time #, ,/V,(#), in the
first census, who are still alive and enumerated in a second

census « years later when they are aged x+4 to x+n+a at time

t+a, ,N,., (t+a). Thus

AN (E+a)
N (1)

n X

,CSR (a) =

For graphical presentation, these estimates can be located at

the mid-point of the intersurvey period (i.e. at time #+—)
atn

and at the midpoint of the ages at that time, x +
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A plot of these cohort survival ratios offers easy and rapid
insights into the quality of the data at hand, although the
standard caveat still applies; a curious sequence of cohort
survival ratios indicates that something may have gone amiss
with the data, but does not indicate whether the fault lies
with the first, the second or both censuses.

Where data from a third census are available, however,
it may be that the cohort survival rates derived from the
first two censuses appear reasonable, while those derived
from the second and third appear problematic. In this case,
one would proceed by assuming that the fault lies with the
enumeration in the third census, and not the second.

Finally, if one has an appropriate life table at one’s
disposal, one could derive a further ratio by dividing the
Cohort Survival Ratio into the equivalent ratio implied by
the life table, resulting in a ratio of ratios at each age

N...(t+a)/ N ()
ﬂLX+ﬂ/an '

If the census suffered no error, the age structure of the

noox

enumerated population was identical to that described
by the life table, and the mortality experience was exactly
that indicated by the life table (all three strong conditions),

the ratio would take the value of 1. Departures from unity
would indicate either error in the data, or an inappropriate
choice of life table. Further, under these conditions and in
the absence of migration, ratios less than unity would imply
an under-enumeration in the second census relative to the
first and vice versa.

Example
Censuses in Zimbabwe were conducted exactly 10 years
apart (the official Census date being 18 August) in 1982,
1992 and 2002. Tabulations of the enumerated population
by age and sex are available from the Demographic Year-
books on the UN Statistics Division Website (the 1997
Historical Supplement and the 2008 Yearbook were used).
The tabulations are shown in Table 1.1. The data present
the population aged under 1 and aged 1-4 separately;
these populations are kept distinct for the purpose of more
accurately understanding the population dynamics given
the rapid changes in mortality in the first few years of life.
Provided there are no grounds for believing that records
with missing ages are not concentrated disproportionately
in certain age groups, the first step is to apportion the
(proportionately relatively small) number of cases where age

TABLE 1.1 Population of Zimbabwe by age 1982 1992 2002

and sex, 1982, 1992 and 2000 Censuses Age Male Female Male Female Male Female
0 133,070 136,960 167,552 169,064 170,054 170,277
1-4 510,260 528,390 621,411 626,664 668,008 667,730
5-9 612,760 619,300 821,319 832,469 764,453 769,247
10-14 529,750 518,740 724,905 731,846 754,587 757,657
15-19 390,160 412,610 615,728 632,510 736,686 766,890
20-24 290,380 364,200 466,837 523,060 564,034 658,873
25-29 243,420 281,060 335,713 376,495 473,984 513,793
30-34 185,400 206,760 280,066 326,299 369,836 360,291
35-39 147,920 170,170 229,360 259,555 235,692 268,797
40-44 142,050 139,530 174,266 189,509 194,702 239,727
45-49 116,490 110,390 145,437 143,441 165,437 191,168
50-54 111,780 90,880 133,261 147,339 128,029 173,229
55-59 67,400 60,800 94,713 86,729 98,417 112,498
60-64 76,850 65,260 95,510 84,213 94,447 99,420
65-69 38,810 38,860 51,202 50,902 64,301 67,851
70-74 29,810 30,500 58,279 62,479 60,311 62,464
75+ 39,410 46,760 52,026 68,403 71,950 92,311
Unknown 7,900 6,680 15,952 18,034 19,252 25,254
TOTAL 3,673,620 3,827,850 5,083,537 5,329,011 5,634,180 5,997,477
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is missing in proportion to the population size in each age
group from 0 to 75+. In the 1982 Census, the proportion
of the population with unknown age was 0.19 per cent; this
doubled to 0.38 per cent in the 2002 Census. The resulting
distributions are shown in Table 1.2.

In keeping with the principles outlined earlier, the basic
age and sex characteristics of the population are investigated
first. The unavailability of data by single years of age means
that this aspect of the data quality cannot be investigated.
The age and sex distributions of the Zimbabwean population
from the three censuses are shown in Figure 1.6.

In all three censuses there is a clear surfeit of women
between the ages of 15 and (at least) 35. This is almost
certainly a product of labour migration of young men to
neighbouring countries, most obviously South Africa. There
would appear to have been a sizeable underenumeration of
the population under the age of 5 in the 1992 Census — the
population in that age group is less than that then aged 5-9,
unlike the adjacent censuses.

Age and sex ratios from the three censuses are shown
in Figure 1.7. The age ratios in the 60-64 age group are
particularly high in all three censuses, and the excess
population at that age contributes to the very low age ratios

in the 55-59 and 65-69 age groups. The sex ratios start off

close to 100, and fall rapidly after age 15 in each census,
probably indicating migration of young men. Of greater
concern is the rise in the sex ratios between ages 35 and 55
to levels far in excess of 100 in the 1982 Census. This almost
certainly reflects some undercount of women. Sex ratios at
the oldest ages are still very high, probably reflecting age
exaggeration among older men.

The highly erratic age and sex ratios do not inspire a great
deal of confidence in the quality of the data.

Next, cohort survival rates are derived as above, for each
sex separately since patterns and level of mortality differ for
males and females. Since the population aged 0—4 in 1992,
for example, would be aged 10-14 in 2002, we assume that
the survival rate for this cohort applies (roughly) to people
aged 7% at the midpoint between the censuses in August
1997. Cohort survival rates are not estimated for the very
young, or for the open interval. The results are presented
graphically in Figure 1.8.

The top left panel shows the cohort survival rates between
the 1982 and 1992 Censuses by sex; the bottom left panel
shows the equivalent data from the 1992 and 2002 Censuses.
There was an evident undercount of children of both sexes
as well as women up until around the age of 20 in the 1982
Census (or, improbably, high levels of child in-migration

1982 1992 2002 TABLE 1.2 Adjusted population of
Age Male Female Male Female Male Female Zimbabwe by age and sex, 1982, 1992 and
0 133,357 137,199 168,079 169,638 170,637 170,997 2002 Censuses
1-4 511,360 529,314 623,367 628,792 670,298 670,554
5-9 614,081 620,383 823,904 835,296 767,074 772,500
10-14 530,892 519,647 727,187 734,331 757,174 760,861
15-19 391,001 413,331 617,666 634,658 739,212 770,133
20-24 291,006 364,837 468,307 524,836 565,968 661,659
25-29 243,945 281,551 336,770 377,773 475,609 515,966
30-34 185,800 207,121 280,948 327,407 371,104 361,815
35-39 148,239 170,467 230,082 260,436 236,500 269,934
40-44 142,356 139,774 174,815 190,152 195,370 240,741
45-49 116,741 110,583 145,895 143,928 166,004 191,976
50-54 112,021 91,039 133,680 147,839 128,468 173,962
55-59 67,545 60,906 95,011 87,023 98,754 112,974
60—64 77,016 65,374 95,811 84,499 94,771 99,840
65-69 38,894 38,928 51,363 51,075 64,521 68,138
70-74 29,874 30,553 58,462 62,691 60,518 62,728
75+ 39,495 46,842 52,190 68,635 72,197 92,701
TOTAL 3,673,620 3,827,850 5,083,537 5,329,011 5,634,180 5,997,477
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between 1982 and 1992), as indicated by the survival ratios
greater than one.

While both left-hand panels show (broadly) a pattern of
decreasing survival ratios (increasing mortality) by age, the
data are far from consistent either by sex or by age. It is
unlikely, for example, that the survival ratios for men will be
greater than those for women of the same age. There is also a
very curious spike in both intercensal periods in the survival
ratios of women aged 4044 in first period to 50-54 in the
next. This should be investigated further.

The two right-hand panels depict the cohort survival ratios
over time, for men and women separately. They indicate a
pattern of substantially increased mortality in Zimbabwe
over the two ten-year periods. While the erratic nature of
the survival ratios indicates the relatively poor quality of the
data, this increase is almost certainly attributable largely to
the effect of HIV/AIDS among adults in the country in the
second period, in conjunction with the rapidly worsened
socio-economic conditions that prevailed in the country to-
wards the turn of the century, which almost certainly fuelled

FIGURE 1.6 Age and sex distribution of the Zimbabwean
population, 1982, 1992 and 2002 Censuses

extensive out-migration of younger adults. The apparent in-
crease in mortality among children and young adults seen in
the two right-hand panels is almost certainly largely accrib-
utable to the poor enumeration of this population in 1982.

POST-ENUMERATION SURVEYS

A post-enumeration survey (PES) uses the logic of
capture-recapture techniques to estimate the proportion
of the population that was not enumerated at the time of
the census. This is done by returning to sample sites to
readminister a second, short, questionnaire to all households
which should have been enumerated in that site, after which
households and individuals captured in this survey are
matched, wherever possible, with those from the census. This
procedure should give a concrete estimate of the magnitude
of the undercount which can be compared to and contrasted
with that implied by, for example, an analytical population
projection. The results from the PES, then, can be used to
scale up (“weight”) the enumerated data to compensate for
the undercount.
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A PES is thus potentially extremely useful. However,
the two key assumptions underlying the use of capture-
recapture techniques are that the probabilities of being
found in the census and the PES are independent of each
other; and that it is possible to identify the same individual
unambiguously in both data sets. The first assumption is
unlikely to hold in human populations — certain groups
who avoid being counted in a census (illegal immigrants,
for example), are likely also to avoid a PES. In this sense, the
PES gives information only on those known to have been
missed in the census; it tells nothing of those not known to
have been missed. The second assumption is also unlikely to
hold, particularly in settings with high population mobility
or if the interval between the census and the PES is long.

The principles and best practice associated with the
conduct of a PES are documented in a 2010 manual (UN
Statistics Division 2010b).

Where a PES is conducted, ideally the analyst will have
access to the report on the PES so as to understand any
deficiencies in that study. The ability of the PES to provide

finely-grained insights into the data collected in the census is
directly related to the size of the PES as well as to the delay
between the census date and the date of the PES. Given the
time and cost constraints, the sample size of a PES is typically
much smaller than a full census. Accordingly estimates of an
undercount have to be made at a fairly coarse level. Thus, for
example, in the 2001 South African Census, the estimates
of the undercount were made using only broad age groups,
sex, population group, province, and enumerator area geo-
type (urban, rural, formal, informal). In turn, this means
that the population is assumed to be equally undercounted
within each group defined by the five characteristics above.
Hence, at granularities finer than those used to determine
the undercount, the resulting estimate of the count may not
be reliable.

Insights into the magnitude of the adjustments made,
and the extent of the undercount, can be gained from an
evaluation of the weights provided with the data. If the raw
data made available from a census are unadjusted by a PES,
then the data weights will reflect the sampling fraction: in a

FIGURE 1.7 Age ratios and sex ratios, Zimbabwe 1982, 1992 and
2002 Censuses
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random 10 per cent sample drawn from a full census, each

record would be deemed to be representative of 10 people,

Hence, if for a particular record, the weight is 11.8 in a ten

per cent sample (i.e. a sample fraction of 0.1), this implies

and hence carry a weight of 10. Where a PES has been

conducted, the excess of the weight over the sampling

fraction reveals the undercount. Analytically,

sample ﬁ%zctz'o;f1

weight =
1— undercount

sample fraction™

undercount =1—

weight

FIGURE 1.8 Cohort survival ratios by age and sex, 1992 and 2002

Zimbabwean Censuses

(1-(1/0.1)/11.8).
Where estimates of the undercount have not been provided

an adjustment in respect of an undercount of 15.3 per cent

with the data, applying this last formula to the weights

provided to different groups within the population allows

the analyst to reverse-engineer the estimated undercounts to

a fairly high degree of accuracy.
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INTRODUCTION TO FERTILITY ANALYSIS

In most settings and in the long term, ferdility is the single
most important determinant of population dynamics and
growth. This chapter gives an overview of the classes of
methods available for the measurement of fertility. The
methods themselves are described in other chapters.

SOURCES OF DATA
Broadly speaking, data for the measurement of fertility come
from three sources.

The first of these is information collected as part of an
ongoing vital registration system. For the most part, the
registration of births in developing countries is incomplete:
parents often lack incentives to register births; babies who
die shortly after birth may not be registered either as a birth
or as a death; and late registration of births (for example,
when the child attains school-going age) may mean that
there is a delay of several years before all the survivors of the
cohort born in a given year have their births registered.

The second source of data is the answers to questions on
fertility collected in a census. These questions are typically
asked of all women of childbearing age (12, or 15 and older,
often with an upper age limit of 49). Due to the complexity
of the census exercise, and the need to attempt to enumerate
every individual, it is not feasible to ask detailed questions
on ferdlity. In practice, the census questions seck summary
information about lifetime fertility (the number of children
ever born, and still alive) and fertility in a narrowly defined
period of time before the census. From the latter, demog-
raphers seck to estimate current fertility rates. Due to the
abridged nature of the questions asked, the scope for internal
validation and cross-checking of the answers given is limited.

Furthermore, as described in greater detail in the section
on the evaluation of fertility data, data on fertility collected
in censuses commonly suffer from two errors. First, data
on lifetime fertility tend to be increasingly poorly reported
with increasing age of the mother. Often the omissions
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are of children who have died or who are no longer living
with the mother. Second, data on recent fertility tend to be
systematically underreported by all women (similar to the
widespread under-enumeration of the youngest children in
the household head-count). Over-enumeration of recent
births is also a possibility, occasioned by misunderstandings
related to the reference period used, or shifting of the most
recent births into the reference period. The methods used
to estimate fertility from census data explicitly seek to take
these errors into account.

Third, as well as asking these summary questions on
fertility, surveys often collect a detailed birth history from
mothers. Such histories ask about each child’s date of birth,
vital status (whether the child is still living) and — if the
child is dead — date of death. The data obtained can be used
to make detailed estimates of fertility. On the downside,
however, the effort expended on such detailed data collection
frequently limits the sample sizes of the investigations. In
such cases, variability in the estimated rates, and the inability
to investigate finely-grained spatial or other differentials in
fertility are an inherent weakness of this approach.

CLASSES OF METHODS TO ESTIMATE
FERTILITY

The methods available to estimate fertility are closely aligned
with the type of data available.

Direct estimation
Three possible approaches to measuring fertility directly
exist, depending on the data available.

The first approach uses data from a vital registration
system in conjunction with estimates of the population by
age and sex (from a population register, for example, or from
mid-year population estimates). If data for the numerator
and denominator are both complete and unbiased, and the
denominator appropriately reflects the population exposed
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to risk of giving birth by age, the calculation of fertility rates
is straightforward.

The second approach makes use of the full birth history
data collected in a survey and the various validation checks
that can be built into the survey instrument. Detailed
information on the birth of each child, as well as the mother’s
age, is obtained. Accordingly, the age of the mother at the
birth of each child can be determined exactly, and births and
exposure-to-risk can be allocated to particular calendar years
or other time periods. This approach is described in greater
detail in the chapter on direct estimation of fertility from
survey data (Chapter 12).

The third approach uses the summary fertility measures
routinely collected in censuses to estimate recent fertility.
Methods for doing so are described in Chapter 5. Of course,
if the data suffer from the common problem of under-
reporting of recent births in censuses, the resulting estimates
of fertility will be too low.

Indirect estimation

Indirect estimation of fertility makes use of the direct
estimates of fertility derived from the summary information
on recent births, but — recognizing that recent births tend to
be misreported in censuses — uses information on the lifetime
fertility of younger women reported in the same census to
adjust the direct estimates. The earliest such method is the
Brass P/F method, first set out by Brass (1964). The method
was written up in Manual X (UN Population Division
1983), along with a number of variants for extending the
method depending on exactly what data are available. A
brief description of the P/F method is given in Chapter 6.
A refinement to the P/F method — the relational Gompertz
model — was mentioned in passing in Manual X but much of
the development of the relational Gompertz model occurred
after Manual X was published. This manual presents several
extensions to the relational Gompertz model (the basic
version of which is presented in Chapter 7) that emulate the
extensions to the P/F method presented in Manual X. These
include extensions to situations where:
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* Lifetime and current fertility data from more than one
census are available, and the analyst is seeking to estimate
fertility for the intercensal period — the synthetic relational
Gompertz model (Chapter 10).

* Only data on lifetime fertility are available — from two
censuses or surveys conducted cither five or 10 years
apart — making it necessary to estimate fertility from
the increments in parities. This is the parity increment
method discussed in Chapter 11.

* Data on lifetime fertility are available from two censuses,
along with information on births in the intercensal
period from, for example, a vital registration system. This
approach (presented in Chapter 14) allows one to assess
the completeness of the data on registered births.

In this manual all methods of fertility estimation that
make use of the P/F ratio method are recast here to use the
relational Gompertz model.

Further analysis of fertility
Finally, there are several other methods that may shed light
on fertility trends and dynamics.

Using census data, one can calculate both conventional
and projected parity progression ratios. These measures
indicate the propensity of women in a population to bear
further children contingent on the number of children that
they have already borne. Projected parity progression ratios
indicate the possible future evolution of parity progression
for younger women, taking into account current fertility and
the women’s childbearing history to date. These measures
are presented in Chapter 8.

Second, methods exist (Chapter 13) for the calculation
of cohort-period fertility rates from detailed birth history
data. These rates not only provide information on trends in
fertility, but can also be used to assess the quality of the birth
history data.

Finally, there are methods for estimating fertility measures
based on reverse survival of the enumerated population of
children and adults (Chapter 9).

All the above-mentioned methods are described and dis-
cussed in this manual.
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Evaluation of Summary
Fertility Data from Censuses



The first type of question on fertility asked in censuses
concerns women’s lifetime fertility. It asks about their total
number of live births. In order to reduce underreporting of
dead or absent children (who are usually a larger proportion
of children born to older women than younger women) and
guard against underreporting of girls, the questions are often
structured as a series of six questions about the number of
sons and daughters:

* born alive and living with the mother;

* born alive but living elsewhere; and

* born alive but now deceased.

TOTAL CHILDREN BORN AND SURVIVING

The total of the answers to the questions relating to living
children, present and absent, provides the total number of
children born and surviving. Adding the reported numbers
of children dead gives the total number of children ever born
to the woman. When summing these individual answers,
care must be taken not to treat error or missing value codes
as legitimate responses. For example, if a missing value is
coded as ‘9’, the procedure for deriving measures of the total
children ever born, surviving and dead must make sure to
exclude these codes.

Tabulations of the numbers of children reported in re-
sponse to these questions are often truncated at some rela-
tively high number (e.g. 9+). When this is the case, the only
plausible assumption is that women in that category have
had the number of children defined by the lower bound of
the interval. The resulting errors are generally small, even in
the case of extremely high fertility, unless the truncation is
applied to the total children ever born, rather than to the
separate categories of co-resident, absent, and dead sons and
daughters.

ASSESSMENT OF PARITY DATA

Tom A Moultrie

Implausible parities

In evaluating the quality of data on lifetime fertility, the ana-
lyst should be alert to improbable and implausible parities
relative to the age of the mother. Especially at young ages, a
small number of women reporting excessively high numbers
of children ever born can have a material effect on the esti-
mated mean children ever born. Such errors can result from
misreporting, or manual or automatic mis-capturing of the
data. A useful rule of thumb is to limit the maximum number
of live births that a women may have had to one birth every
18 months from the age of 12, rounding down to the next
integer. Using this rubric, by exact age 20 (the end point of
the 15-19 age group), a woman might have had a maximum
of 5 children; by exact age 25 (closing the 2024 age group),
8. If the reported number of lifetime births exceeds this maxi-
mum, the recorded value should be recoded as ‘missing’.

Assessment of enumerator errors

Another common error in the recording of lifetime fertility
is caused by the failure of the enumerator to record responses
of zero’ on the census form, leaving the relevant space
blank instead. It is impossible to be sure whether a blank
means that the enumerator omitted to ask the question or
record the response or whether it indicates zero. This error is
usually more common in the data on younger women, who
are more likely to be childless or answer zero to some of the
six questions above. The error in some cases occurs because
the enumerator assumes that the question is not relevant for
younger women, or feels uncomfortable about asking it. A
specific adjustment to the data, the el-Badry correction, is
often indicated in this case. However, if in every age group
the number of women with unstated parity is low (as a guide,
less than 2 per cent of the total), then this reporting error is
unlikely to have a material impact on the derived average
parities and these cases can be ignored in further calculations.
This is the same as making the explicit assumption that
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women with unstated parity have the same average parity as
women in the same age group whose parity is known.

Proportions of women childless

The proportions of women who are childless should be
calculated by age group of mother. The proportions should
decline sharply with age. In most cases there should be
around 3-10 per cent of women remaining childless in the
oldest age-group, reflecting underlying levels of primary
sterility and voluntary childlessness. In low fertility countries
the proportion of childless women aged 45-49 may be even
higher. Proportions of childless at older ages that exceed
10 per cent should be investigated further, as this may
indicate significant errors in the data.

AVERAGE PARITIES

A key indication of the consistency of data on women’s
lifetime fertility is a credible pattern of average numbers of
children alive and dead by age group of mother. In general,
one would expect average parities (the average total number
of co-resident, absent and dead children born to women)
to increase steadily with age. The shape of the distribution
by age should be sigmoid, with slightly flatter sections
at the beginning and end, reflecting lower fertility at the
youngest and oldest ages at which women bear children.
Significant parity increments in these age groups — that is,
large increases in average parities between successive age
groups — are unlikely.

One would also expect average numbers of living children,
dead children and the proportion of children dead each to
rise with age.

A second check is to compare the observed average parities
with results from Demographic and Health Surveys (DHS),
or from ecarlier censuses and other surveys. In this regard,
one can compare the average parities for real birth cohorts of
women. Thus if two censuses are conducted a decade apart,
the average parities of women aged x to x+4 in the earlier
census can be compared with those of women aged x+ 10
to x+14 in the second. Average parities should not only
increase monotonically with age within each census, but
the cohorts should also show a reasonable parity increment
between censuses.

If one has data on women aged 50 and over, one can
make direct comparisons of the consistency of the average
parities of women who have completed their childbearing —

for example, by comparing the average parities of women

aged 45-49 in one census with those of women aged 55-59
in a second census conducted a decade later. In making
comparisons of this sort, and especially with comparisons
involving older women, one should be alert to the possibility
that mortality might differ according to the number of
children a woman has had, either directly or because high
fertility and socio-economic status may be correlated. This
may hinder the ability to draw definitive conclusions about
the trend in lifetime fertility.

A further refinement suggested by Feeney (1991) that is
possible where there is information on the average parities of
women who have completed their childbearing, is to locate
these parities approximately in time and plot them. The
approximate time location is derived by assuming that the
average parities refer to a point time defined by subtracting
the mid-point of each age group from the census date and
assuming that all births in each cohort occurred at some
mean age of childbearing, 7. Thus, assuming 72=27.5 for
example, if a census was conducted in 1960, the average
parities of women aged 50-54 would refer (approximately)
to 1960-52.5+27.5, or 1935.

The average parity of women of a given age x, P

X

is
calculated by dividing the total number of children ever
born to women aged x at the census date by the number of

women aged X at the census:
@
> jN,,
_ Jj=0

=i
2N,
7=0

where NV, ;is the number of women aged x and of parity

P

X

j in the population, and omega () is the upper limit of
the parities recorded in the population after excluding
numerical values assigned as error codes in the data. In five-
year age groups, the average parity of women in each age
group is given by

25N,
Bt —

25N,
7=0

for x=15, 20,..., 45.

For ease of exposition of many methods, average parities
in five-year age groups, 15-19, 20-24,... are often indexed
as P(i), i=1, 2..., where P(1) refers to the 15-19 age group,
P(2) the 20-24 age group etc.
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Comparison with other estimates of average parities
Where other fertility data are available for the same country
at a roughly similar point in time, the estimates should be
compared. Where the estimates diverge to any great degree,
efforts should be made to understand why this might be
the case, although it will often be impossible to conclude
definitively which of the data sets is deficient.

Comparison with total fertility

As a final check, the average parity for the 45-49 age group
should be compared with the estimated total fertility (TF)
derived from the data on recent fertility. If fertility has
been constant for a long time, and the data were accurately
reported, the two measures should be very close since period
and cohort fertility would be equal under these conditions.
If fertility has been falling, the average parity of older women

TABLE 3.1 otal children ever born by age group of mother,
Cambodia, 2008 Census

should be greater than TE As errors of underreporting of
recent fertility will artificially depress TF, while omission
of older women’s births will artificially depress the average
parity in that group, it is important to ensure that both
measures are plausible. One method of doing this uses the
relational Gompertz model to examine the fertility and
parity distributions and their implied relationship.

EXAMPLE: ASSESSMENT OF DATA ON LIFETIME
FERTILITY
The example below uses the data from the 2008 Census of
Cambodia distributed by IPUMS. The data (weighted, to
compensate for the fact that the IPUMS data represent only
a microsample of the full data) are presented in Table 3.1.
The italicized cell counts represent implausible parities
according to the rule-of-thumb set out earlier. The values

Age group of mother

Parity 15-19 20-24 25-29 30-34 35-39 4044 45-49 Total
0 743,190 426,760 191,720 58,530 46,650 36,050 28,780 1,531,680

1 29,560 167,810 142,720 44,310 34,530 25,790 21,740 466,460

2 4,240 78,410 171,450 90,990 79,080 51,980 36,680 512,830

3 1,200 16,940 82,960 84,220 98,640 67,690 48,190 399,840

4 830 4,020 26,870 48,510 79,480 70,400 56,190 286,300

5 430 1,340 6,910 21,010 49,250 56,980 51,500 187,420

6 270 630 2150 8,710 26,020 37,070 41,420 116,270

7 120 380 630 3,410 12,530 23,730 29,680 70,480

8 80 200 400 1,000 5,450 12,180 18,320 37,630

9 60 100 120 350 2410 6,030 10,040 19,110
10 40 120 140 190 1090 3,120 5,660 10,360
11 50 0 70 70 360 1,420 2,010 3,980
12 20 50 20 30 170 670 1,350 2,310
13 10 10 0 10 60 270 410 770
14 0 10 10 0 10 60 190 280
15 0 0 10 0 20 90 150 270
16 0 0 0 0 0 10 30 40
17 0 0 0 0 0 10 30 40
18 0 0 0 0 0 0 20 20
19 0 0 0 0 0 10 10
20 0 0 0 20 0 0 0 20
Unknown 220 380 250 290 130 210 120 1,600
TOTAL 780,320 697,160 626,430 361,650 435,880 393,760 352,520 3,647,720
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in these cells are summed and this total is added to the
total number of women in each age group whose parity was
missing in Table 3.1. The original values are then set to zero,
resulting in the distribution shown in Table 3.2.

The proportion of women whose parity is unknown
after making this adjustment is shown in the third last row
of Table 3.2. In every age group, the proportion of women
for whom parity data are missing is trivial. Although the
proportion is somewhat higher in younger than in older age
groups, even in the 15-19 age group only 0.11 per cent of
women’s parities are unknown or implausible. An el-Badry
correction is therefore unnecessary and the unknown cases
can be excluded from the calculation of average parities,

thereby implicitly assuming that women with implausible or
missing data have the same average parities as other women of
the same age. (The data presented here were chosen because
an el-Badry correction is not required. Chapter 4 (describing
the el-Badry correction) presents data from another country
whose parity data are not of as good quality.)

The proportion of women reported to be childless, shown
in the second last line of Table 3.2, declines rapidly with age:
by age 40, less than 10 per cent of women are still child-
less. As expected, this proportion falls only slightly further
between the last two age groups: not many women start their
childbearing after age 40. The proportion of women aged
45-49 who are childless (8.2 per cent) is relatively high. The

TABLE 3.2 lotal children ever born by age group of mother after
correcting for implausible parities, Cambodia, 2008 Census

Age group of mother
Parity 15-19 20-24 25-29 30-34 35-39 40-44 45-49 Total
0 743,190 426,760 191,720 58,530 46,650 36,050 28,780 1,531,680
1 29,560 167,810 142,720 44,310 34,530 25,790 21,740 466,460
2 4,240 78,410 171,450 90,990 79,080 51,980 36,680 512,830
3 1,200 16,940 82,960 84,220 98,640 67,690 48,190 399,840
4 830 4,020 26,870 48,510 79,480 70,400 56,190 286,300
5 430 1,340 6,910 21,010 49,250 56,980 51,500 187,420
6 0 630 2150 8,710 26,020 37,070 41,420 116,000
7 0 380 630 3,410 12,530 23,730 29,680 70,360
8 0 200 400 1,000 5,450 12,180 18,320 37,550
9 0 0 120 350 2410 6,030 10,040 18,950
10 0 0 140 190 1090 3,120 5,660 10,200
11 0 0 70 70 360 1,420 2,010 3,930
12 0 0 20 30 170 670 1,350 2,240
13 0 0 0 10 60 270 410 750
14 0 0 0 0 10 60 190 260
15 0 0 0 0 20 90 150 260
16 0 0 0 0 0 10 30 40
17 0 0 0 0 0 10 30 40
18 0 0 0 0 0 20 20
19 0 0 0 0 0 0 10 10
20 0 0 0 0 0 0 0 0
Unknown 870 670 270 310 130 210 120 2,580
TOTAL 780,320 697,160 626,430 361,650 435,880 393,760 352,520 3,647,720
Proportion missing 0.111% 0.096% 0.043% 0.086% 0.030% 0.053% 0.034%
Proportion childless ~ 95.24% 61.21% 30.61% 16.18% 10.70% 9.16% 8.16%
Average parities 0.0604 0.5833 1.4382 2.4035 3.1670 3.8126 4.3184
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average parities suggest very low levels of fertility in teen-
age girls, with lifetime fertility increasing to 4.3 children
per woman in the 45-49 age group. A plot of the average
parities has a sigmoid shape, with the largest parity incre-
ments occurring to women in their 20s and early 30s, the
ages where fertility is expected to be highest (Figure 3.1).
Figure 3.1 also shows the average parities by age group
according to the 2005 and 2010 Cambodian Demographic
and Health Surveys (available from the wwuw.statcompiler.com
DHS website). The average parities reported in the Census
and the 2010 survey are very similar. However, two features
suggest one should be wary of concluding that this implies
that they are accurate. First, given the timing of the three
enquiries, the data from the census should lie approximately
half-way between the estimates from the two DHSs. This is

FIGURE 3.1 Average parities by age group, Cambodia, 2008
Census, 2005 DHS and 2010 DHS

not the case. Second, it can be seen that the average parity of
women aged 40-44 in the 2005 DHS is a licde higher (by
0.2 of a child) than that of women aged 45-49 in the 2010
DHS. While fertility is low among women in their late 40s
in Cambodia, and random error cannot be discounted, this
result should encourage a little scepticism about the data.
However, overall, the average parities from the two DHSs
are not fundamentally at odds with those indicated by the
2008 Census.
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DESCRIPTION OF THE METHOD

The el-Badry correction is a method for correcting errors
in data on children ever born caused by the enumerator or
respondent failing to record answers of zero’ to questions
on lifetime fertility and, instead, leaving the response blank.
When this occurs, during data processing the response is
coded as ‘missing’ or ‘unknown’, even though it was evident to
the enumerator at the time of data collection that the correct
answer was ‘zero. The method apportions the number of
women whose parity is recorded as ‘missing’ between those
whose parity is regarded as being truly unknown, and those
women who should have been recorded as childless but
whose responses were left blank. It does this apportionment
at an aggregate level and not on an individual basis.

DATA REQUIRED AND ASSUMPTIONS

The method requires the number of children ever born,
classified by age group of mother, including the count of
women with missing data (i.e., where the field was left
blank or contained an out-of-range code or a code for not
answered or refused).

The method assumes that a constant proportion of
women at each age truly did not state their lifetime fertility
(i.e. parity) at the time of data collection. The balance of
the women with unreported parities is assumed to be
erroneously recorded as not stated when the women are, in

fact, childless.

CAVEATS AND WARNINGS

The method relies on the existence of a linear relationship
between the proportions of women whose parity is not
stated, and that of women reported to be childless. If such
a linear relationship is observed, the adjusted denominator
used to calculate average parities should exclude those
women whose parity (after correction) is still regarded as
unknown. This reflects the implicit assumption that these

THE EL-BADRY CORRECTION

Tom A Moultrie

women’s parity distribution is no different from those of
women of the same age whose parity is known.

Where the data indicate that a correction is needed
because of the large proportion of missing parity information
but the method cannot be applied (for example, due to
unavailability of data by age, or violation of the assumption
of linearity), women of unknown parity should be included
in the denominator used to determine average parities. This
implicitly assumes that the parity of all such women is zero
(i.e. that all women of unknown parity are childless). This
will, of course, result in under-estimated average parities, as
not all women of unknown parity are indeed childless.

APPLICATION OF METHOD

We define N;=5N, for a=15, 20,...,45 and i=a/5-2, to be
the number of women in age group 7 in the population.
Thus, NV, represents the number of women aged 15-19 in
the population. We define IV, ; to be the number of women
in age group 7 of parity j, and /V,, to be the number of
women in age group 7 whose parity is unknown.

Step 1: Determine the proportion of women in each age
group whose parity is a) unknown; and b) reported as zero
Extract a table of reported children ever born (j) by
women’s age group (7) from the census data to obtain /V; 2
For each age group missing data on parity (i.e. blank fields
and invalid codes) should be combined with codes for parity
not stated to produce /N, . The proportion of women in age
group 7 with parity unknown is then

N,
U, =t
Ni

The proportion of women in age group 7 who are reportedly
childless (i.e. are of parity zero) is given by
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If the U, are small (less than 2 per cent in each age group),
it is not worth applying the correction. In such a situation,
average parities should be determined by assuming that the
parity distribution of women with not stated parity is the
same as that of women whose parity is known, by omitting
the women with unstated parities from the denominator of
the calculation. Thus, if P; is the average parity of women in

age group 7,

If the proportions of women with parity not stated exceed
2 per cent, it is worth assessing whether the correction can

be applied.

Step 2: Plot the points (Z,, U,) and evaluate the data

For the method to work correctly, the series of points
(Z;, U;) should lie on, or very close to, a straight line. In
some cases, curvature may be observed in the data points
corresponding to either the oldest or the youngest ages. If
the curvature affects the older ages only, even if it is quite
extreme, it is acceptable to exclude the oldest, or two oldest,
age groups from the fitting process and fit a straight line
to the remaining points since the method has the greatest
absolute impact on the proportions not stated at the youngest
ages. If the curvature is most noticeable among the younger
women, the method should not be used as exclusion of the
data points relating to women aged 15-24 would result in
the regression performing an out-of-sample extrapolation,
the results of which could suggest illogical adjustments in
these age groups.

If a strongly linear relationship cannot be identified,
even after excluding one or two data points from older
women, the method cannot be applied. In this situation, it
is preferable to assume that all women of not stated parity
are childless, and to include them in the denominator of the
average parity calculation

(1)

The analytical report should note that this has been done,
and that, therefore, the average parity values are liable to be
underestimated.

Step 3: Determine the slope and intercept of the best
straight line fit to the data

The slope (y) and intercept (£) of the fitted line are found by
means of linear regression of Z; against Uj applied to those
data points selected for inclusion, that is, U;=f+yZ;.

The intercept (f), which is independent of age (7), is
the estimate of the proportion of those women in each age
group with unknown parity whose parity is deemed to be
truly unknown, and not misreported.

Step 4: Estimation of the revised numbers of childless
women and women whose parity is not stated

The adjusted proportion of women in age group i that is
estimated to be truly childless is given by Z, = Z,+U, — 3.
Thact is, the revised proportion of women of zero parity in
any age group is the proportion actually recorded as being of
zero parity together with the proportion of women in that
age group of not stated parity less the estimated proportion
of women whose parity is regarded as being truly unknown.
The revised estimate of the number of childless women in
age group 7 is given by N;,o =N, ><Z;. Thus, the estimated
true proportion of women in each age group whose parity
is unknown is given by IV,, = N,xf3. The N:j for other
parities (j>0) are unchanged.

Step 5: Calculation of average parities
If an el-Badry correction has been applied to the data, the

average parities are given by
[0]
ZJ N,
=0

This equation embodies the assumption that the remaining

)

women in age group i of unknown parity, fIV;, who are
omitted from the denominator, have the same average parity

as the women in age group 7 whose parity is known.

INTERPRETATION AND CHECKS
The value of f shows the estimated proportion of women
whose parity is truly not stated. Larger values of f are
therefore associated with poorer quality data.

Occasionally, the method may have a contrary effect and
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suggest that the number of women with not-stated parity
is understated, and that the number of women of reported
parity zero should be reduced. Such a situation will arise if
£>U,. If this is so, the correction should not be applied to

WORKED EXAMPLE

The spreadsheet (see website) implements the method using
data from the 1989 Kenya Census data obtained from
IPUMS. The original data are presented in Table 4.1.

that age group. Inspection of the data reveals that they have been edited
to disallow the recording of high parities in women aged
TABLE 4.1 Children ever born, 17)/ age group of mother at census
date, Kenya, 1989 Census

Age group (7)
Parity 15-19 (1) 20-24 (2) 25-29 (3) 30-34 (4) 35-39 (5) 4044 (6) 45-49 (7)
0 597,560 198,600 59,400 23,120 14,580 11,040 9,560
1 134,700 224,660 83,140 26,140 13,620 9,460 7,740
2 38,120 202,300 120,940 38,340 19,180 13,240 9,280
3 11,120 126,500 150,500 53,880 28,020 17,000 12,440
4 6,820 59,700 146,500 73,280 37,340 21,400 14,800
5 1,740 33,720 102,300 87,720 48,140 28,980 18,560
6 0 12,480 58,980 83,580 56,520 35,260 26,280
7 0 0 57,180 91,800 56,240 41,260 28,640
8 0 0 0 64,740 56,560 42,700 32,920
9 0 0 0 0 40,780 39,480 33,000
10 0 0 0 0 26,840 32,240 27,920
11 0 0 0 0 14,920 22,840 21,920
12 0 0 0 0 8,280 14,660 14,720
13 0 0 0 0 3,740 7,900 8,920
14 0 0 0 0 2,180 4,080 4,900
15 0 0 0 0 1,260 2,100 2,860
16 0 0 0 0 960 1,200 1,540
17 0 0 0 0 520 680 1,000
18 0 0 0 0 420 520 620
19 0 0 0 0 140 340 380
20 0 0 0 0 160 300 280
21 0 0 0 0 240 160 280
22 0 0 0 0 40 100 60
23 0 0 0 0 20 20 80
24 0 0 0 0 60 20 80
25 0 0 0 0 60 40 0
26 0 0 0 0 60 40 80
27 0 0 0 0 80 40 60
28 0 0 0 0 20 40 40
29 0 0 0 0 20 0 40
30 0 0 0 0 340 440 360
Not Stated 402,780 147,540 61,920 31,580 20,240 15,420 12,960
TOTAL 1,192,840 1,005,500 840,860 574,180 451,580 363,000 292,320
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less than 35. The editing rule applied at the preparatory
stage would appear to be stricter than the one suggested in
Chapter 3. Thus reports of 20-24 year old women have been
restricted to parity 6 or less (rather than parity 8), reports for
those aged 2529 are truncated at parity 7 (rather than parity
12) and those of 3034 year olds at parity 8 (rather than
15). However, implausibly high parities have been allowed
to remain at ages 35 and more. Therefore, further light

TABLE 4.2 Correction of parity data, and calculation of proportion
of women of parity zero, and parity not stated, Kenya, 1989 Census

editing of the data highlighted in italics in Table 4.1 could
be undertaken by re-assigning to the unknown category
reports of parity 19 and over for age group 35-39, parity 23
and over in the age group 4044, and parity 26 and over in
the last age group, 45-49.

An option can be selected on the Introduction tab of the
spreadsheet to set implausible parities to ‘not stated” prior to
the application of the method.

Age group (i)
Parity 15-19 20-24 25-29 30-34 35-39 40-44 45-49
(1) @) 3) “4) 6) (6) @)
0 597,560 198,600 59,400 23,120 14,580 11,040 9,560
1 134,700 224,660 83,140 26,140 13,620 9,460 7,740
2 38,120 202,300 120,940 38,340 19,180 13,240 9,280
3 11,120 126,500 150,500 53,880 28,020 17,000 12,440
4 6,820 59,700 146,500 73,280 37,340 21,400 14,800
5 1,740 33,720 102,300 87,720 48,140 28,980 18,560
6 0 12,480 58,980 83,580 56,520 35,260 26,280
7 0 0 57,180 91,800 56,240 41,260 28,640
8 0 0 0 64,740 56,560 42,700 32,920
9 0 0 0 0 40,780 39,480 33,000
10 0 0 0 0 26,840 32,240 27,920
11 0 0 0 0 14,920 22,840 21,920
12 0 0 0 0 8,280 14,660 14,720
13 0 0 0 0 3,740 7,900 8,920
14 0 0 0 0 2,180 4,080 4,900
15 0 0 0 0 1,260 2,100 2,860
16 0 0 0 0 960 1,200 1,540
17 0 0 0 0 520 680 1,000
18 0 0 0 0 420 520 620
19 0 0 0 0 0 340 380
20 0 0 0 0 0 300 280
21 0 0 0 0 0 160 280
22 0 0 0 0 0 100 60
23 0 0 0 0 0 0 80
24 0 0 0 0 0 0 80
25 0 0 0 0 0 0 0
U 402,780 147,540 61,920 31,580 21,480 16,060 13,540
TOTAL 1,192,840 1,005,500 840,860 574,180 451,580 363,000 292,320
U, 0.338 0.147 0.074 0.055 0.048 0.044 0.046
Z 0.501 0.198 0.071 0.040 0.032 0.030 0.033
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Step 1: Determine the proportion of women in each age
group whose parity is a) not stated; and b) equal to zero
Table 4.2 presents the revised data, together with the calcu-
lation of the proportions of women of parity zero, and parity
not stated in each age group.

The data include high proportions of women with parity
M = 0.338], 20-24
1,192,840
(0.147) and, to a lesser extent, the older age groups. The

not stated at ages 15—19(

proportion of women reported as childless (Z)) falls rapidly,
from around 50 per cent in the first age group down to
around 3 per cent at the end of the childbearing period. On
these grounds, it is worth investigating whether an el-Badry
correction can be applied to the data.

Step 2: Plot the points (Z;, U;) on a set of axes and
evaluate the data
The Z; and Uj are plotted against each other (shown by
the diamonds) in Figure 4.1. The straight line fitted to
the points is shown. If a point is excluded from the fitting
process, the figure in the spreadsheet represents it with an
open diamond.

There is a clear linear relationship between the plotted
points, and all points can be included in the application of

an el-Badry correction.

Step 3: Determine the slope and intercept of the best
straight line fit

Performing a linear regression of the Z; on the U, for the
selected points gives a value for the intercept (beta) of
0.02745. This suggests that around 2.7 per cent of the data

on women’s parities can be regarded as truly missing.

Step 4: Estimation of the revised numbers of childless
women, and women whose parity is not stated

The revised number of women of zero parity is given by
N,,=N,(Z,+U, - B), while the revised numbers with
parity unknown are calculated by multiplying the total
number of women in each age group by f as shown in
Table 4.3.

For example, the number of women aged 2024 estimated
to be truly of an unknown parity is given by 0.02745x
1,005,500=27,603. The corrected estimate of the number
of childless women aged 15-19 is derived from 1,192,840x
(0.501 +0.338—0.027) =967,594.

TABLE 4.3 Revised estimates 0f numbers of women with parity not
stated and childless women b}/ age, Kenya, 1989 Census

Age group (7) Re:(i)ste;itﬁzaity Revised zero parity
15-19 (1) 32,746 967,594
20-24 (2) 27,603 318,537
25-29 (3) 23,084 98,236
30-34 (4) 15,763 38,937
35-39 (5) 12,397 23,663
4044 (6) 9,965 17,135
45-49 (7) 8,025 15,075

Step 5: Calculation of average parities

Since an el-Badry correction has been applied, corrected
average parities, presented in Table 4.4, are then derived
using Equation 2.

Note that, relative to the average parities produced if
the correction is not applied (and assuming therefore that
all women with not stated parity are of parity zero), the
correction increases the parities in each age group by a

1-8

constant,

TABLE 4.4 Corrected average parities by age group, Kenya, 1989

Census

Age group (7) Average parity
15-19 (1) 0.242
20-24 (2) 1.525
25-29 (3) 3.214
30-34 (4) 4.760
35-39 (5) 6.239
40-44 (6) 7.120
45-49 (7) 7.510

DETAILED DESCRIPTION OF THE METHOD

The method is fully described in el-Badry (1961). el-Badry’s

fundamental insight was that, if it could be assumed that:

1) there is a linear relationship between the proportions of
childless women of a given age in a population, and the
proportion of women whose parity is not stated; and

2) the true, unknown, proportion of women whose parity is
not known is a constant and independent of age, then
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U=aZ +B, 3)
where 0.7 is the proportion of truly childless women
reported as parity not stated, and & is the true, constant,
proportion of women with parity not stated.

Hence, if @Z; have been misclassified as not stated when
they are truly childless, then Z, =27 —aZ, =(1-a)Z,.
and therefore:

. Z
Z= (4)

and substituting this into Equation 3,
U=r""Z,+p=yZ +p
—a

where gamma can be thought of as the odds of a childless
woman being classified as being of unknown parity.

Thus, a regression of U, on Z; will give estimates of £ (as
well as y and a).

FIGURE 4.1 Firting of el-Badry correction, Kenya, 1989 Census

From Equation3,wethenobwin U, — B =aZ, = Z, - Z,,
and hence that Z, =N, =U,— B+ Z, and U, = BN,.

Note that, even though we have two identities involving
Z;, they will only give the same answer when the fit is exact.
Convention dictates that we prefer to use Equation 3 rather
than Equation 4, on the grounds that it relies on the fitted
value of f (the estimated proportion of truly not stated
parities) rather than on the value of a, which lacks intuitive
interpretability.
U, average

1

After deriving corrected values of Z'; and
parities can be calculated using Equation 2.

Having applied the correction, care should be taken to
ensure that, in every age group, the adjusted number of
childless women (that is, of parity zero) is less than the
number of women reporting no births in the reference
period in response to the question on recent fertility. Hence
the revised Z; can be used to determine the minimum
number of women who could not have had a birth in the
reference period before the census.

0.40

I~
\50.20

0.15

0.10 0.20

© Selected —Fitted line Selected

0.30 0.40 0.50 0.60

Z(i)

40 | FERTILITY EVALUATION OF SUMMARY FERTILITY DATA FROM CENSUSES



A version of the correction designed for (the now-rare)
situations where questions on children ever born are asked
only of married women is described in Annex II of Manual X
(UN Population Division 1983).
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EVALUATION OF DATA ON RECENT FERTILITY

Before evaluating the data on recent fertility collected in a

census, it is important to examine the precise wording of

the questions used to capture information on recent births
by consulting the questionnaire. Over successive waves of
censuses, and in different countries, widely different ques-
tions have been used. The wording can influence the validity
of the estimates and the direction and magnitude of biases
or errors in the data.

The generic forms of the census questions on recent
fertility fall into three broad categories:

* Did you give birth in the last year (or other reference period)?
This question produces a simple binary answer. Multiple
births in the same reference period are not captured. These
could arise from the birth of twins or triplets from a single
pregnancy, or from a very short birth interval separating
two different pregnancies. Neither of these outcomes is
likely to influence the overall fertility rate to a large extent
in that birth intervals shorter than a year are rare, and the
probability that a pregnancy will result in multiple births
is less than 2 per cent in most settings (sub-Saharan Africa
being a possible exception). When faced with data col-
lected in this form, it is recommended that the simplify-
ing assumption be made that all births occurred halfway
through the reference period, and that only one live birth
resulted from each pregnancy.

» How many children have you given birth to in the last year
(or other reference period)?

This question is more refined than the first form given
above. It does not yield information on the timing of
birth within the reference period, but it does capture in-
formation on multiple births to the same woman, with-
out distinguishing between twins and short birth inter-
vals. Again, it is reasonable for the purposes of calculation
to assume that the births occurred halfway through the

reference period.

FROM CENSUSES

Tom A Moultrie

o Whar was the date of your last live birth?
This question secks to identify the timing of the last
delivery with a greater degree of accuracy, although
typically only the month and year of the last birth are
recorded. If there are follow-up questions on the number
of births that occurred at that time these give more accu-
rate information on the number of recent births.
Additional questions (for example, on the survival of the
last born child; the sex of last born child; or the date of the
last-but-one birth) are occasionally encountered. Answers
to such questions can be used, for example, to estimate,
directly from the data, child mortality rates by sex or a sex
ratio at birth.
In evaluating the quality of data on recent fertility, the
following checks might be conducted:

1) Comparison of the total number of births with that
expected (for example, against numbers from a vital regis-
tration system, or from application of an accurate series of
age-specific fertility rates to the enumerated population
of women — although in the latter case, systematic under-
enumeration of the women might also cause the rates to
be underestimated).

2) Assessment of the plausibility of the distribution of age-
specific fertility rates calculated directly from the data.
Plausible fertility distributions are almost invariably
unimodal, concave, slightly right-skewed, and close to
zero at the extremes of the childbearing age range. The
distribution should also exhibit a reasonably smooth
progression of fertility rates from one age to the next.

3) Plausibility checks on the reported numbers of births in
the reference period. In some censuses (e.g. South Africa
1996), a significant proportion of respondents confused
the questions on lifetime and recent fertility, and gave
the same answers to both questions. This error manifests
itself in a strong diagonal in tabulations of children ever
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born by children born in the last year by age of mother

(Moultrie and Timaus 2002).

4) If data on the sex of the last born child have been collected,
the reported sex ratio at birth should be checked. The sex
ratio at birth is usually about 1.05, but could be as low as
0.95 in African populations and up to 1.1 in some Asian
populations. Values outside the range of 0.99 to 1.06
should be subjected to careful scrutiny.

In all cases, care must be taken to identify correctly the
universe of women required to answer the questions (in
particular the ages and marital status of eligible respondents),
as well as the rules governing recording and coding of non-
response and incorrect data.

Assessment of current fertility data

Before proceeding with an analysis of age-specific fertility
rates, it is advisable to investigate the extent to which the
data on recent births are missing or implausible. The absence
of any missing data almost certainly indicates that the data
have been edited. If this is suspected, further investigations
into the extent of editing and/or imputation of the data are
recommended to the extent that this is possible, for example
through examination of the distribution of imputed values
where imputation flag variables are included in the data.

The proportion of the data that is missing should also be
checked. If this exceeds five per cent of the total number
of records relevant for current fertility data, further
investigations should be done. In particular, one should
examine the age distribution of missing cases. If these are
concentrated among young women or women in their forties
this would suggest that the missing cases are missing because
these mothers did not have a birth in the reference period,
and no answer was recorded by the enumerator rather than
an entry of zero being made. This is an error very similar to
that giving rise to the el-Badry correction.

When the data are tabulated by the number of births in
the reference period (as opposed to simply whether or not
a birth occurred in the reference period), the distribution
of single versus multiple births should be investigated.
Generally, less than 2 per cent of pregnancies result in
multiple births. Triplets and higher order multiple births are
exceedingly rare (less than 0.5 per cent of deliveries). If the
proportion of multiple births in the reference period seems
too high, it is recommended that tabulations of children
ever born and births in the last year are produced for each
age group of women. If children ever born and births in

the last year are equal in a large proportion of cases, even
for parities two and over, this may suggest that respondents
or enumerators did not understand the distinction between
the questions on lifetime and recent fertility. However, it is
possible that a large proportion of younger women with only
one child ever born gave birth to that child in the reference
period and a close match between lifetime reports of just
one birth and recent reports of one birth in young women
may not indicate reporting errors.

DIRECT MEASUREMENT OF FERTILITY FROM
CENSUS DATA

When the data are of sufficient quality, it is possible to
estimate age-specific fertility rates directly. When the data
are of inferior quality, age-specific fertility rates from the
direct calculation are used as inputs into various methods
that aim to produce more reliable estimates of the level of
fertility using indirect techniques.

The exact form of the age-specific fertility rates that can
be derived hinges on the nature of the data collected. An
age-specific fertility rate at any given age (or in any age
group) is the ratio of the number of births to women of that
age (in that age group) in a defined period to the number of
person-years lived by women of the same age (in the same
age group) in that time period. To calculate age-specific
fertility rates exactly, one would need to know reliably the
exact dates of birth of mothers (to establish the mother’s age)
and their children. One can then calculate precisely the age
of the mother at the birth of her child, as well as allocate her
exposure to risk to the relevant ages or age groups over the
period of investigation.

The data required for such precise calculations are not
usually available in census microdata records, either because
exact dates were not collected in the first place, or because
of the potential for breaching confidentiality if full dates
of birth are provided to end-users of the data. In addition,
census data are often of insufficient quality to warrant the
additional precision. Heaping of months of birth (e.g.
on January) as well as years of birth (e.g. those ending in
0 or 5) are commonly encountered problems. Extended
census enumeration periods can introduce problems with
translating a reference period (e.g. within the last year from
the interview date) to a calendar time period (e.g. 2008).
Furthermore, retrospective questions about recent births
asked in a census fail to capture information about births to
mothers who have since died or left the country.
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Four possible combinations of reporting of mother’s vital
information, and recent births, are typically encountered
(Table 5.1).

Even in the fourth case identified in Table 5.1, which
contains the most detailed information, expending effort to
calculate accurately the exposure to risk for the purposes of
estimating fertility is not generally warranted, as heaping of
dates on particular months and other data quality problems
could severely distort the resulting estimates. Thus, use of
simple approximations for the calculation of fertility rates
from census data is usually appropriate. Chapter 12, cov-
ering the direct measurement of fertility from survey data,
describes the more precise calculation of the exposure to risk
and estimation of fertility rates from data of good quality.

Cases 1 and 2: Estimation of age-specific fertility rates
directly from the data when no information is available
on the timing of the child’s birth
In the first two cases identified in Table 5.1, all that might be
known about the mother’s recent fertility is whether or not
she gave birth to at least one child in the period before the
census. In more informative variants of the recent fertility
question, the mother may be asked about the number of live
births in the period preceding the census. Such a question
allows the identification both of multiple births from the
same pregnancy (twins, triplets etc.), as well as instances of
more than one pregnancy ending in the defined period.
Since the mother’s age at birth is not known, the
approximation usually used is to tabulate the fertility rates
by the reported age of the mother at the census date. The
additional assumption is then made that all births occurred
half-way through the interval in question. This means that
mothers are, on average, older by half the interval length at
the time of the census, with the implication that the ages to

TABLE 5.1 Taxonomy of data on mother and children for
estimating recent ﬁrti/ilj/

which the fertility rates actually refer are younger than the
reported ages at census. Most standard methods of estimating
fertility indirectly compensate for the displacement of ages
arising from this mismatch.

The additional information (on mother’s month and year of
birth) available in the second case is not particularly helpful in
refining the estimates of fertility since additional assumptions
of uniformity of the distribution of children’s birthdays are
still required. Thus, where the data that were collected fall
into either the first or the second case identified in Table 5.1,
fertility rates are estimated by dividing the count of children
reported born in the reference period (by age of mother at the
census date) by the number of women of that age. The total
number of births in the reference period reported by women
aged x at the census date, B,,, is given by

«
B.=Y kN,

=0
where £ is the reported number of births in the reference
period, @ is the maximum value of % in the data and IV, is
the number of women aged x at the census reporting 4 births
in the last year. If w is classified as an open interval, e.g. 3+
births in the reference period, women in that category are all
assumed to have had the number of births that opens that
interval. Again, the error thus introduced is small.

The number of women aged x is given by

N, = iNx’,e.
#=0

Women whose recent births are unknown or unrecorded
must be excluded from both the numerator and denominator,
with the implicit assumption that their fertility is no different
from that of women whose recent fertility is known. Age-
specific fertility rates (ASFRs) at age x are given by

Mothers’ vital information

Age in completed Lozl i
Reporting of children born in the preceding period’ 8 P (at least month and
years at census
year)
Number of children born (or simple binary, yes/no) (1) ()
Date of birth of last born child (at least month and year) (3) (4)

"Typically the preceding period is 12 months, but analysts should be alert to non-standard reference periods,
for example based on time elapsed since an important national event or holiday
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f.=B,/N,.

Using the conventional age range (from 15 to 49, inclusive)
as the limits for the summation, the implied Total Fertility
(TF) from the single-age data is

49
TF=Y f.

a5
Total fertility is a synthetic cohort measure — indicating the
number of children a woman would have if she survives to age
50 (deemed to be the end of childbearing) and experiences
the age-specific fertility rates currently observed immediately
before the census throughout her reproductive life.

Fertility rates by single years of age should be calculated
and plotted to check the internal coherence of the data. The
ASFRs will tend to be less erratic than either the numerators
or the denominators on their own, and may indicate
plausible levels and distributions of fertility. A highly erratic
series of age-specific fertility rates by age, departing markedly
from the anticipated #-shape, offers a strong indication that
the recent fertility data are problematic, and suggests that
further investigations are required.

Finally, age-specific fertility rates in conventional five-
year bands, 5 f,, where x=15, 20,..., 45, can be derived:

5i+14
2 B
_ _ x=5i+10
,fz‘ - Sf;c T 5itl4
2N

x
x=5i+10

where the index, 7, is determined by the relation 7 = (x/5)-2.
The measure of total fertility is thus

7 =53 f.
i=1

While the TF is an age-standardized measure of fertility (im-
plicitly assuming a uniform distribution of the population
of child-bearing population of women by age in each age
group), the fertility rate in any age group is not standardized
within the group. As a result, the TF derived from calcula-
tions using age-groups and single years of age will differ to a
small degree, typically in the second or third decimal place.

Total fertility should be compared with estimates from
other data sources from the same country (e.g. DHS). It
is worth remembering, however, that the ASFRs and TF

produced using this method do not take into account the
true exposure-to risk in the derivation of the denominator.
In addition, the numerator includes events that took place
during the reference period categorized by the age of the
mother at the end of the reference period, not by her age
at the time the event took place. Most methods of indirect
fertility estimation adjust the derived fertility rates to account
for this age shift. For purposes of basic comparison (that is,
assessing the shape and level of the fertility distributions),
the differences in classification by age are not of major
importance. However, the F-only variant of the relational
Gompertz model provides a method of unshifting fertility
rates while smoothing them, should this be desired.

EXAMPLE: DIRECT CALCULATION OF
FERTILITY

In the 2008 Cambodian Census, women were asked about
the number of children they gave birth to in the previous
year. Mother’s age was classified by age at the census date.
The data are shown in Table 5.2.

The ‘missing’ column shows that only 1,600 women,
out of nearly 3.65 million aged between 15 and 49, did not
have their recent fertility recorded. This represents 0.04 per
cent of all women, and will have no material impact on the
estimated fertility of women in Cambodia. A further check
on the age distribution of these cases shows no clear age
pattern of omission. The number of births is given by the
weighted sum of women reporting 1, 2, 3 and 4 deliveries,
in the last row. This calculation shows that 173,070 women
(170,910 + 1,760 +250 + 150) gave birth to a total of 175,780
births (1x170,910 +2x1,760 +3x250+4x150) during the
year preceding the census. Of these women, 98.8 per cent
(170,910/173,070) experienced a single birth. 1.0 per cent
had twins, and 0.2 per cent triplets or higher-order multiple
births. The possibility of quintuplets (or five births in
two deliveries over the period) is remote and need not be
considered. Had the census not counted the multiple births
separately, the crude birth rate would have been under-
estimated by a factor of 173,070/175,780=0.984. This
represents an under-estimate of just 1.6 per cent.

Using the data above, the series of single-age ASFRs is
derived by dividing the total number of births to women of
each age by the number of women reporting their current
fertility, that is, excluding those women who did not report
how many births they had in the last year. The rates are
shown in Figure 5.1. Even though the number of women
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TABLE 5.2 Recent fertility by age of mother at the census date,

Cambodia, 2008 Census

Births in the last year

Age 0 1 2 3 4 Missing Births Women ASFR
15 160,980 120 0 0 0 80 120 161,180 0.0007
16 152,710 500 0 0 0 50 500 153,260 0.0033
17 144,970 1,250 10 10 0 20 1,300 146,260 0.0089
18 182,500 3,540 20 0 0 40 3,580 186,100 0.0192
19 127,840 5,640 10 0 0 30 5,660 133,520 0.0424
20 147,990 8,840 80 0 0 90 9,000 157,000 0.0574
21 123,960 9,500 30 0 0 70 9,560 133,560 0.0716
22 126,030 11,600 80 0 0 30 11,760 137,740 0.0854
23 123,750 11,830 70 10 0 110 12,000 135,770 0.0885
24 121,820 11,010 150 10 20 80 11,420 133,090 0.0859
25 137,460 12,420 100 0 0 60 12,620 150,040 0.0841
26 115,370 11,320 110 0 0 80 11,540 126,880 0.0910
27 117,840 11,580 190 0 0 40 11,960 129,650 0.0923
28 118,270 10,690 110 0 10 30 10,950 129,110 0.0848
29 82,990 7,600 120 0 0 40 7,840 90,750 0.0864
30 77,690 5,950 40 10 0 30 6,060 83,720 0.0724
31 58,800 4,820 50 20 0 30 4,980 63,720 0.0782
32 67,110 4,480 150 20 0 110 4,840 71,870 0.0674
33 67,080 4,240 40 0 0 50 4,320 71,410 0.0605
34 67,010 3,800 30 10 10 70 3,930 70,930 0.0555
35 90,720 4,570 60 20 0 30 4,750 95,400 0.0498
36 77,950 3,800 10 10 0 30 3,850 81,800 0.0471
37 81,320 4,070 50 10 10 10 4,240 85,470 0.0496
38 92,290 3,780 30 20 30 30 4,020 96,180 0.0418
39 74,030 2,920 50 0 0 30 3,020 77,030 0.0392
40 88,940 2,720 70 10 10 50 2,930 91,800 0.0319
41 71,250 2,140 0 0 0 20 2,140 73,410 0.0292
42 81,560 2,010 30 0 0 60 2,070 83,660 0.0248
43 72,930 1,270 10 0 0 30 1,290 74,240 0.0174
44 69,660 930 10 50 950 70,650 0.0135
45 84,290 760 30 10 10 30 890 85,130 0.0105
46 67,330 510 0 50 30 40 780 67,960 0.0115
47 66,220 270 10 0 10 0 330 66,510 0.0050
48 74,790 310 10 10 0 30 360 75,150 0.0048
49 57,600 120 0 20 10 20 220 57,770 0.0038
TOTAL 3,473,050 170,910 1,760 250 150 1,600 175,780 3,647,720 1.6157
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enumerated at each age is erratic, the ASFRs by single years
of age are relatively smooth, with a clearly defined fertility
pattern and a typical peak in the mid-twenties.

According to these data, total fertility is 1.61 children
per woman. Summing births and women in five-year age
groups produces the same answer (Table 5.3), although, as

suggested above, the measures do differ in the third decimal
place.

Even in the absence of external checks, the results from
the 2008 Census data suggest implausibly low levels of
fertility in Cambodia. The data are also inconsistent with
the average parities calculated in Chapter 3. This suggests

TABLE 5.3 Age—specz'ﬁc fértz'lz'zy rates in ﬁve—_ymr age groups,
Cambodia, 2008 Census and 2005 and 2010 Demographic Health
Surveys

Age group ‘Women Missing Births ASFR DHS2005 DHS2010
15-19 780,320 220 11,160 0.014 0.047 0.046
20-24 697,160 380 53,740 0.077 0.175 0.173
25-29 626,430 250 54,910 0.088 0.180 0.167
30-34 361,650 290 24,130 0.067 0.142 0.121
35-39 435,880 130 19,880 0.046 0.091 0.071
40-44 393,760 210 9,380 0.024 0.041 0.028
45-49 352,520 120 2,580 0.007 0.005 0.004

TF 1.61 3.41 3.05

Source: Census estimates, own calculations; DHS StatCompiler (wwuw.statcompiler.com)

FIGURE 5.1 Age—:peciﬁc ﬁ‘rtz'lity rates, Cambodia, 2008 Census
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that the data on recent fertility collected in this census are
seriously deficient. This is confirmed by external checks,
in the form of estimates of fertility from two DHSs
conducted before and after the census. The data in the last
two columns of Table 5.3 show that the estimate of total
fertility in the 2010 DHS (based on births in the three
years before the survey) was 3.1 children per woman. The
estimate of total fertility from the 2005 DHS was 3.4
children per woman. It appears that only about half the
births that occurred in the year before the census were
reported to census enumerators.

The left-hand panel of Figure 5.2 shows the age-specific
fertility rates calculated from the 2008 Census and the two
DHSs. Clearly the fertility rates implied by the census are
out of line relative to the DHSs. The latter in turn, show a
rather strange pattern of fertility change over the five years,
driven by almost constant reductions in fertility between
ages 25 and 44. The right-hand panel of Figure 5.2 shows
the same rates, but this time standardized to a TF of one
child per woman. Despite substantial differences in the im-

FIGURE 5.2 Age-specific fertility rates, and standardized age-
specific fertility rates, Cambodia, 2008 Census, 2005 DHS and

2010 DHS

plied level of fertility, the shape of the three fertility distri-
butions are similar, with the only real difference between
them being in the 2024 age group. It is unlikely, therefore,
that there were significant differentials in the quality of the
reporting of recent fertility in the 2008 Cambodia Census
according to the age of women.

This result suggests that, even though the level of fertility
implied by the 2008 Census data is seriously flawed, the
shape of the fertility distribution is reasonably accurate. This
is a prerequisite for applying many of the indirect methods

of fertility estimation.

Cases 3 and 4: Estimation of age-specific fertility rates
when information is available on the timing of the
child’s birth

If the births are classified by women’s date of last birth, a
suitable period for the fertlity investigation needs to be
chosen. In general, it is advisable not to use a period much
longer than a year as longer periods of investigation increase
the probability that women might have had more than one
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pregnancy in that period. This results in births earlier in
time being omitted (the requirement being to report on the
date of birth of the last child, not all children in the period),
meaning that estimates of fertility will systematically exclude
births in the more distant past. In addition, if fertility has
been changing rapidly, extending the period of investigation
over more than a year means that the resulting estimates
represent some kind of average of fertility over the period.
If the census was conducted fairly early or late in the year,
however, there is potentially some advantage to basing
the rates on births since the beginning of the previous or
current year respectively as this does not require women to
remember the month of birth of their child accurately. The
number of births reported in the reference period can then
be prorated to produce an estimate of annual births. Rates
can be calculated both in this way and based on a 12-month
reference period and the results compared.

The third scenario in Table 5.1 does not permit the
derivation of a completely accurate measure of fertility, as
the age of the mother at the birth of the child cannot be
established precisely. However, knowledge of the child’s

date of birth does permit the numerator of the age-specific
fertility rates to be derived more carefully.

In the commonly-encountered situation where the
question asked is about the month and year of the last child’s
birth, a more careful approach can be taken to determining
the number of births in the last year. Usually a notional census
date is defined. The questions on the census questionnaire
typically refer to a particular day, even if the actual process
of enumeration takes several weeks. A list of census dates
for the last three rounds of censuses is maintained by the
UN at hup:/lunstats.un.orglunsdldemographic/sources/census/
censusdates.htm; a list of census dates for data maintained
by IPUMS is available at hsps://international.ipums.org/
internationallsamples.shiml.

In establishing the numerator, all the births reported in
the month of the census, and a prorated proportion of births
that are reported to have occurred in the equivalent month a
year earlier should be included. To extract this information
from census data, the date handling capacity of the statistical
package being used, or the DHS Century-Month Code
(CMC) system can be used.

TABLE 5.4 Births reported in each month by age of mother ar
census date (24-25 August 1999), Kenya, 1999 Census

Age of mother at census

Month 15-19 20-24 25-29 30-34 35-39 4044 45-49
August 1998 13,240 31,300 23,120 13,940 8,940 3,220 560
September 1998 9,800 22,900 17,260 9,560 6,180 2,080 680
October 1998 9,240 21,580 15,520 9,600 5,880 1,880 500
November 1998 9,040 21,940 16,060 9,880 5,280 1,660 540
December 1998 10,200 23,700 18,000 10,580 5,940 2,080 480
January 1999 14,720 28,620 20,620 12,260 7,300 2,180 660
February 1999 20,740 42,140 30,860 17,400 11,220 4,560 2,060
March 1999 15,620 31,480 21,320 12,520 7,340 2,820 520
April 1999 18,660 33,160 24,260 12,240 7,820 2,860 720
May 1999 19,660 33,880 22,860 13,960 7,440 2,480 760
June 1999 20,100 32,140 23,380 12,580 7,300 2,720 560
July 1999 21,600 32,360 23,860 13,800 7,060 2,640 520
August 1999 15,900 25,020 16,720 9,280 5,840 1,620 360
?:E;t;‘:a'f_‘“hs N 18826968 35598774  255,940.65  146,807.74 8661871  30,307.10 848645
Number of women 1,700,060 1,495,180 1,205,060 849,620 725,780 519,740 417,500
Age-specific ferdlity 0.1107 0.2381 0.2124 0.1728 0.1193 0.0583 0.0203

rates
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In the 1999 Kenya Census, the official census date was
the night of 24-25 August 1999. To estimate the births
that occurred in the year preceding the census, all births
reported between September 1998 and August 1999 would
be included, along with 1-24/31 (=7/31) of the births
reported in August 1998. This assumes that births are
uniformly distributed over the days of a month (Table 5.4).

The estimated number of births in the year before the
census in the 30-34 age group, for example, is then given by

%(13,940)+9,560+9,600+...+9,280 ~146,807.74
In the absence of further information about the mother’s
date of birth, the data above are tabulated according to the
mother’s age at the census date. As noted above, the rates so
derived would thus be subject to a half-year shift.

Dividing these births by the number of women in each
age group gives the age-specific fertility rates. The resulting
estimate of total fertility of 4.66 children per woman is
clearly out of line with other estimates of fertility in the
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country for around that time. This, as with Cambodia,
suggests that widespread underreporting occurred of births
reported in the year before that census.

Only in the fourth case, when detailed information
is available on both mother and child’s date of birth, is it
possible to produce a precise measurement of fertility.
However, if there is evidence of extreme heaping of reported
dates of birth (for example on 1 January), there is litte
point in making use of the more refined measures as they
will be distorted by the heaping. Thus, since the quality
and internal consistency of the data collected in a census
are unlikely to be as good as in a DHS, it is inappropriate
to attempt the precise calculation of fertility rates that one
would with a DHS. In some situations, however, the extent
of heaping in the reported dates of birth and other errors in
the data may be sufficiently limited to merit calculation of
direct estimates of fertility. In these situations, the principles
outlined for the calculation of estimates of recent fertility
from survey data should be applied.
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OVERVIEW OF FERTILITY ESTIMATION METHODS

Almost all methods of estimating fertility indirectly have
their origins in the P/F ratio method first proposed by Brass
(1964). In addition, the interpretation of the results from
other methods (for example, cohort-period fertility rates)
and some of the diagnostic tools used to assess the quality
of the data when estimating child mortality also rely on the
intrinsic logic of the P/F ratio approach. Thus, while the
method in its original and modified forms has been super-
seded by the relational Gompertz model and its variants, it is
useful to present the essential logic of the method here. The
interested reader is referred to Manual X (UN Population
Division 1983) for a full exposition of the approach.

THE BRASS P/F RATIO METHOD

The foundation of the method rests on the observation that
if fertility has been constant for an extended period of time,
cohort and period measures of fertility will be identical.
In other words, under conditions of constant fertility, the
cumulated fertility of a cohort of women up to any given age
will be the same as the cumulated fertility up to that same
age in any given period.

If we assume that there are no appreciable mortality
differentials by the fertility of mother, so that surviving
women do not have materially different levels of childbearing
from deceased women, the cumulated fertility of a cohort of
women up to any given age is the same as the average parity
in that cohort. (This assumption is not very important as
even if there are differentials in the fertility of living and
deceased women, in most populations the magnitude of
female mortality in the reproductive ages is very small and
the effect of differential survival will therefore be small.)

Brass defined P to be the average parity (cumulated
lifetime fertility) of a cohort of women up to a given age,
and F to be closely related to the cumulated current (period)
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BASED ON THE P/ F RATIO
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fertility up to that same age. The P/F ratio method expresses
these two quantities in relation to each other in the form of
a ratio for each age group.

The derivation of F is a little more complicated than
suggested above for two reasons. First, any comparison of
cohort and period fertility has to deal with the probable
shifting of the data on recent fertility brought about by the
question being based on the age of the mother at the time of
the inquiry rather than her age at the time of her most recent
birth. Second, while the cumulation of period fertility to any
given age will reflect the fertility experience of all women
up until that age, the average parities typically calculated
reflect those of women in 5-year age groups and hence
reflect (approximately) the average parity of women aged at
the midpoint of that age group. The method formulated by
Brass addresses both these aspects.

It follows that if fertility has been constant in a population
for an extended period of time, and if the data are free of
error, the P/F ratio would equal 1 in every age group. If
fertility has been falling, however, cumulated life time
fertility would be greater than cumulated current fertility. In
this case (in the absence of errors in the data) the P/F ratio
would depart from unity systematically with increasing age
of mother.

The corollary to this observation is that one would expect
the P/F ratio to be fairly close to unity at the youngest
ages because even by women’s mid-twenties one would not
expect significant deviation of cumulated period fertility
from cumulated lifetime cohort fertility as most of the
births to women in that cohort would have happened fairly
recently. It is from this observation that the P/Fratio derived
from women aged 2024 at the time of a survey is held to be
the most reliable indicator of the quality of the fertility data
collected. Conveniently, the supposition is that the average



parities of younger women are usually fairly accurately
reported, at least relative to those of older women.

It is this characteristic pattern of departure from unity
with age of mother that forms the basis for many diagnostic
investigations into the nature and quality of data drawn
from questions based on recent and lifetime fertility.

DIAGNOSTICS BASED ON THE P/F RATIO

In reality the data are never free from error, and so the
hypothetical pattern of departure of the P/F ratio from unity
is confounded and obfuscated by underlying errors in the
data.

As discussed in Chapters 3 and 4, two errors typically
affect these data. The first is that reports on lifetime fertility —
that is, cumulated cohort fertility — become increasingly
inaccurate with age of the respondent, with older women
tending to under-report their lifetime fertility. Errors of this
kind will therefore tend to depress the numerator of the 2/ F
ratio, particularly at the older ages. If such errors occur in
the data, the ratio will tend to be closer to unity than it
might truly be.

The second kind of error frequently encountered is that
women tend to under-report recent births, regardless of
their age. Errors of this type will result in the reported level
of recent fertility being somewhat lower than anticipated,
thereby causing the P/F ratio to be inflated.

The P/ F ratio method seeks to correct the second problem
by applying the P/F ratio applicable to younger women (for
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the reasons set out above) to the directly observed fertility
schedule as a scaling factor.

SUMMARY OF METHODS BASED ON THE P/F
RATIO METHOD

A number of methods described here were originally
presented in Manual X as extensions of the P/ F ratio method.
The relational Gompertz model can be thought of as an
improved and more versatile version of the Brass P/F ratio
method. The model uses the same input data (and makes
the same assumptions about errors that affect fertility data)
as its precursor. Importantly, however, the method does not
require an assumption that fertility has been constant in the
past. Nonetheless, the comparison of lifetime and period
fertility lies at the heart of the method.

Most of the extensions to the Brass P/F ratio method
presented in Manual X have been recast as extensions to the
relational Gompertz model. These extensions include those
methods that make use of the data on parity increments from
two censuses to estimate fertility; methods that use parity
increments in conjunction with a schedule of intercensal
fertility rates (the synthetic relational Gompertz model);
and indirect methods that make use of data from vital
registration systems. Cohort-period fertility rates derived
from survey data also rely on the logic of the P/F ratio
method to shed light on longer-term trends and dynamics
in fertility.
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DESCRIPTION OF METHOD

The relational Gompertz method is a refinement of the Brass
P/F ratio method that seeks to estimate age-specific and total
fertility by determining the shape of the fertility schedule
from data on recent births reported in censuses or surveys
while determining its level from the reported average parities
of younger women.

In producing estimates of age-specific and total fertility,
the method seeks to remedy the errors commonly found in
fertility data associated with too few or too many births being
reported in the reference period, and the under-reporting
of lifetime fertility and errors of age reporting among older
women. These errors are described in greater detail in the
chapters on evaluation of fertility data (Chapters 3 and 5).

The method relies on a useful property of a (cumulated)
Gompertz distribution, G(x)=exp(a.exp(bx)), which is
sigmoidal (i.e. S-shaped), but also has an associated hazard
function that is right-skewed and which therefore captures
fairly well both the pattern of average parities of women
by age and their cumulated fertility. The form of G(x)
implies that a double-negative log transform of proportional
cumulated fertilities or average parities approximates a
straight line for most of the age range. The double-log
transform, Y (x) = —ln(—ln(G(x))), is termed a gompir and
has a close analogue in the logit transform frequently used
in mortality analysis. Brass, however, found that a much
closer linear fit could be obtained by a relational model that
expresses the gompits of an observed series of fertility data as
alinear function of the gompits of a defined standard fertilicy
schedule. In other words, Y(x) = + BY*(x), where Y*(x) is
the gompit of the standard fertility schedule. Evidently,
if a = 0 and B = 1, the fertility schedule will be identical
to the standard fertility schedule. Alpha (@) represents the
extent to which the age location of childbearing in the
population differs from that of the standard (negative values
imply an older distribution of ages at childbearing than in
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the standard), while beta (f) is a measure the spread of the
fertility distribution (values greater than 1 imply a narrower
distribution).

As input data, the method requires average parities at each
age group, 5P, for x=15,20,..., 45, and fertility rates in each
age group, sf.. For ease of exposition, and to differentiate
more clearly between lifetime and recent fertility data, sP;5
is indexed as P(1), 5P as P(2) and so on. The derivation of
these inputs from census data is described in Chapter 3. As
with other methods, the average parities should be adjusted
with an el-Badry correction where appropriate.

Cumulated (period) fertility to the end-point of each age
group, F(x) is given by

F(x+5)=5.> s f..

4155
The original method proposed by Brass (1978) used the
series of the gompits of the ratio of cumulated fertility to
the end of each age group to the fertility rate cumulated to
age 50 (i.c. total fertility, TF), giving a sigmoidal curve with
minimum of 0 and a maximum (at the last age group) of
1. Gompits of the average parities are derived in a similar
manner.

There are two inherent weaknesses in this approach. First,
it requires total fertility as an input, and estimates of total
fertility available from reported age-specific fertility rates
(ASFRs) may be biased. In fact, total fertility is often the
parameter of greatest interest that the analyst is trying to
estimate. The second weakness is the implicit assumption of
constant fertility over time arising from the treatment of the
parity gompits. Nonetheless, Brass’ formulation inspired the
derivation of the standard fertility schedule by Booth (1980,
1984), which is still used in the model to this day.

Both limitations are addressed comprehensively by
Zabas (1981) reformulation of the method, which avoids
the circularity of the original method while also dropping



the need to assume that fertility has been constant. Further
unpublished work by Zaba generalized the approach to
incorporate alternative variants of the model (some of which
are described here). A full exposition of Zaba’s reformulation
is given in a subsequent section. In summary, however, she
showed that the model can be expressed as

2(x)—e(x)=a+ ﬁg(x)+§<ﬁ—1>2, (1)
where e(x), g(x) and ¢ are functions of the chosen standard
and z(x) is the gompit of the ratios of adjacent cumulated
period fertility measures, i.e. F(x)/F(x+5), instead of F(x)/50
as Brass originally suggested. In other words,

F(x)

z(x) = —ln[—ln(F(x_'_ 5))]

For the parity data, the model is fitted to the ratios of

adjacent average parities, P(7)/P(i+1). This means that
the model can be used without the need to estimate total
fertility before fitting the shape parameters. It follows
further from Equation 1 that a plot of z(x)—e(x) against
2(x) should be a straight line with slope f and intercept

1
a +5c(ﬂ —-1)°. (Noting that 8 should be close to one, early

formulations of the procedure deemed the last term of the
intercept unimportant, leaving the intercept approximated
by alpha. With the computing power now to hand, there
is no justification for the associated loss of precision in the
calculation of the intercept. However, the requirement that
B be close to 1 remains).

Exactly the same reasoning holds for the evaluation of the
parity data. Using P(:)/P(i+ 1), the ratio of average parities
in successive age groups, with a linear equation relating z(7)—
e(i) to g(7) results in

z(i)—e(i)=a+ﬂg(z’)+%(ﬂ—l)2. 2)
By convention, the points derived from the parity data
are known as P-points and those derived from the fertilicy
rates are known as F-points. The goal of the model-fitting
procedure is to find a combination of P- and F-points that
are internally consistent with each other (i.e. the two sets of
points define essentially the same lines) and then to use these
to determine jointly the parameters & and 8 in Equations 1
and 2 above. The values of @ and f are used to derive the
relational gompits, Y(x) =a +BY*(x), and similarly for ¥(7).

Deriving a fitted fertility distribution using the relational
Gompertz method requires tabulations of calculated aver-
age parities and ferdlity rates by age. The fertility rates are
cumulated and ratios of successive cumulated values are
computed. Ratios of successive average parities are also
calculated. Gompits of these ratios are calculated and used
to plot the two pairs of points, z(x)—e(x) against g(x), and
z(i)—e(i) against g(7). The fitted lines will have slopes equal
to 3, and an intercept term involving @,  and ¢, from which
« can be calculated. The values of @ and f3 are used to trans-
form the gompits of the standard cumulants into ficted
gompits, which are then converted to fitted average parities
and fertility rates. The level of fertility is set by the most reli-
able parity points. These are usually those on women aged
20-29 or 20-34 who are both less likely to omit births and
likely to report their ages more accurately than older women.

The use of the relational Gompertz model in the calculation
of a fitted ferdlity distribution has a number of advantages
over the earlier P/F ratio method. The model uses a reliable
fertility pattern for medium- to high-fertility regimes (the
Booth standard). Thus unreliable fertility rates estimated
from reports of births in the last year can be replaced by
model values which are fitted using the more reliable points.
The plot of the two series of points is a powerful guide to
the reliability of each point, and can provide insight into
data errors as well as identify fertility trends. All reliable
points can be used to derive the fitted model distribution.
The model also provides a reliable way of interpolating
between values to make parity and cumulated fertility data
comparable and to convert fertility rates in unconventional
age groups to rates that apply to conventional age groups.

DATA REQUIREMENTS AND ASSUMPTIONS
Tabulations of data required
* Fertility rates for the 12, 24 or 36 months before the
survey, classified by age of mother at survey, or by age at
birth of child; or
* number of women at the census or survey date, by five-
year age group; and
* number of births to women in the 12, 24 or 36 months
before the survey, by five-year age group.
* Average parities of women, classified by five-year age
group of mother; or
* number of women, by five-year age group; and
¢ total number of children born to women, by five-year

age group.

CHAPTER 7 THE RELATIONAL GOMPERTZ MODEL | 55



Important assumptions

e 'The standard fertility schedule chosen for use in the fitting
procedure appropriately reflects the shape of the fertilicy
distribution in the population.

* Any changes in fertility have been smooth and gradual
and have affected all age groups in a broadly similar way.

e Errors in the pre-adjustment fertility rates are proportion-
ately the same among women in the central age groups
(20-39), so that the age pattern of fertility described by
reported recent births is reasonably accurate.

e 'The parities reported by younger women (aged 20-29 or
20-34) are accurate.
The method usually allows violations of these assumptions

to be detected.

PREPARATORY WORK AND PRELIMINARY
INVESTIGATIONS

Before commencing analysis of fertility levels using this
method, analysts should investigate the quality of the data
at least in respect of the following dimensions:

* age and sex structure of the population;

e reported births in the last year; and

* average parities and the necessity of an el-Badry correction.

CAVEATS AND WARNINGS

* In applying this method, analysts must take particular
care to ascertain and correctly specify the definition used
to classify age of mother.

* Where appropriate and necessary, the average parities
should be the corrected average parities after application
of the el-Badry correction for the misreporting of childless
women as parity not stated.

* 'The method can handle data aggregated over a three-year
period. However, caution should be exercised in using the
full model (as opposed to using it simply for smoothing)
with data for periods of much longer than a year. Ideally,
person-years exposed to risk should be calculated more
accurately if using a longer period of investigation. In
addition, there is the risk of multiple births occurring
within an extended period of investigation, and the form
of the questions in the census or survey instrument may
be inadequate to the task of identifying such cases.

e If sample or design weights have been provided with the
data, they must be applied in the manner appropriate to
the statistical software used when deriving the tabulations

used as inputs.
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* The method is contra-indicated where the shape of the
fertility distribution being modelled differs markedly
from that of the underlying fertility standard. Since the
modelled parameters & and 8 define the shape and loca-
tion of the fertility schedule, Zaba (1981) recommends
that the model only be applied where —-0.3<<0.3 and
0.8<f<1.25. An alternative standard should be consid-
ered if @ and S8 lie outside these ranges.

e Some of the approximations used in obtaining the
estimating equations work less well for the youngest and
oldest age groups than for those in the middle age range,
especially if the reported fertility schedule is radically
different from the standard. The points derived from
the reports of these women should therefore be treated
with extra caution. However, this has little impact on the
estimates of Total Fertility.

APPLICATION OF METHOD
The method is applied in the following stages.

Step 1: Calculate the reported average parities

Calculate the average parities, sP,, of women in each age
group [x,x+5), for x=15, 20..., 45, if not already done
as part of the preliminary investigations, or produced as
a consequence of applying the el-Badry correction. The
derivation and correction of average parities is described in

Chapters 3 and 4.

Step 2: Determine the classification of the age of mother
Depending on the data available, the fertility rates may be
classified ecither by age of mother at the survey date, or by
age of mother at birth of her child. The former ages are
almost always encountered in the analysis of census data,
where the mother’s age is her age at the census. The latter
are more commonly encountered with administrative data
derived from vital registration systems. It is crucial that this
classification is determined correctly as mis-specification
here will bias the estimated rates produced.

The spreadsheet implementation of the model can
accommodate data with no shift (i.e. reported according to
the age of mother at birth); or — in the case of data classified
by age of mother at survey date — with half a year, a year or
one and a half year’s shift (for periods of investigation of 12,
24 and 36 months, respectively).



Step 3: Calculate implied age-specific fertility rates
Age-specific fertility rates are derived by dividing the births
reported in the period of investigation (e.g. the year, two
years or three years) before the survey date by the number of
women in each age group.

Step 4: Choose the fertility standard to be applied and
the model variant to be fitted

The default fertility standard is that produced by Booth,
modified slightly by Zaba (1981). The standard is appropri-
ate to high- and medium-fertility populations and is a nor-
malized cumulated fertility schedule (i.e. with total fertility
equal to one). The standard Y*(x) values are determined by
taking the gompits of the schedule and the standard parity
values, Y°(4), are the gompits of the parities associated with
the standard fertility schedule. The choice of standard deter-
mines the values of g() and ¢() used in the regression fitting
procedures which are derived algebraically from the ¥().

Two variants of the relational Gompertz model are
presented here. The default option is to make the same
assumptions about the nature of errors inherent in fertility
data as in the Brass P/F method, namely that reports of
recent fertility suffer from reference-period errors and under-
reporting that are independent of age, and that reports of
lifetime fertility suffer from omission errors that increase
with age. In the spreadsheet, this is referred to as the ‘Shape
F— Level P’variant.

The second variant involves using the relational Gompertz
model to correct for possible distortions in the shape of the fer-
tlity distribution, while leaving the level unchanged. Clearly,
if reference period errors or under-reporting are suspected,
this variant will not give a plausible estimate of fertility.

Step 5: Evaluate the plot of P-points and F-points

The plots of z(x)—e(x) against g(x), and z(7)—e(7) against g(7)
on the same set of axes are then used as a diagnostic for iden-
tifying common errors and trends in the data (see below).

Step 6: Fit the model by selecting the points to be used
Initially, all points should be included in the model, the only
exception being if the average parities in one age group are
higher than the average parities in the next. In this case the
gompit will be undefined and the model cannot be fitted
using that point. (Such a situation cannot occur in a real
cohort, but could arise because of data error or in a synthetic
cohort during a time of rapidly changing fertility.)

If the parity and fertility data are internally consistent,
the plots of z()—e() against g() should result in straight lines.
Those P-points and F-points that cause each plot to deviate
from a straight line should be excluded from the model.
Ordinary least squares regression is used to fit lines to the
P-points and F-points and to identify, sequentially, those
points that do not fit neatly on a straight line. The intention
is to seck the largest combination of P- and F-points that lie
(almost) on the same line, and to use these to fit the model.

Points are selected for inclusion or exclusion using the
following guidelines:

* A contiguous series of points must be included in the
model. Sequentially, only the end-most points can be
excluded. (The reason for this is that each point on the
graph is the result of calculations involving the ratio of
a pair of adjacent data values. If the analysis leads you to
conclude that a data value is unreliable as a denominator
of one of these ratios, it is not logical to accept it as the
numerator of the next ratio.)

* P-points should be eliminated in preference to F-points.
This is because the average parity data are generally more
prone to age-specific errors than the fertility data.

* P-points which deviate clearly from the straight line based
only on the other P-points as well as F-points which devi-
ate clearly from the straight line based only on the other /-
points should be eliminated early on in the fitting process.

e P- and F-points at older ages should be eliminated in
preference to those at younger ages since data at these ages
are usually the least reliable and show the least consistency
between lifetime and recent fertility. The exception to this
relates to the data points for women under the age of 20
because small numbers of events, as expected for younger
women, frequently make the estimates of average parities
or cumulated fertility unreliable.

¢ Where only a marginally worse fit is achieved with
more points, this is to be preferred to a slightly better fit
achieved with fewer points. The spreadsheet calculates the
root mean squared error (RMSE),

2[(z()—e())—(a+(ﬂ—l)2;+ ﬂg()D
RMSE = )

from the points used to fit the model. This statistic can
assist with determining the optimal number of data points
to which to fit if there is uncertainty as to which of two
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competing models is better. In this situation, one can choose

the model with the lower RMSE.

Step 7: Assess the fitted parameters
The values of @ and 8 that represent the best-fitting line
joining the remaining P-points and F-points must be
checked to confirm that they are not so far from their central
values as to suggest that the standard chosen is inappropriate.
A good fit is indicated if ~0.3<a <0.3, and if 0.8<<1.25.
If the parameters lie outside this range, one or both of
the underlying data series are problematic or the standard
is inappropriate. Experimentation with another standard
(see below) or changing the selection of points should be
done before proceeding further. If the parameters still lie
outside the ranges above, the method should be regarded as
inappropriate.

Step 8: Fitted ASFRs and total fertility

Having estimated the two parameters of the model, they can
be applied to the standard values for the parities to obtain
fitted values Y(i)=c + 3.Y*(i). These are then converted
back into measures of the cumulative proportion of fertil-
ity achieved by age group 7 using the anti-gompit transfor-
mation. The anti-gompits based on the parity distributions
indicate the proportion of fertility achieved by that age
group. Dividing the observed parity in each age group by
these proportions produces a series of estimates of total fer-
tility. Averaging these values across the sub-set of age groups
that were used to estimate @ and f§ gives the fitted estimate
of total fertility, 7.

Applying the same @ and 8 to the standard gompits
for the ages that divide conventional age groups (i.e. 20,
25...50), applying the anti-gompit transformation, and
multiplying by T produces a scaled cumulated fertility
schedule. Differencing successive estimates of cumulated
fertility and dividing by five produces the fitted fertility
schedule for conventional age groups (15-19; 20-24 etc.)
even if the data were initially classified with a half-year shift.

(If the model has been fitted using only the F-points,
then @ and f8 are defined by the F-line only. The smoothed
fertility schedule is produced by a series of steps identical to
that described above except that the fitted proportions are
multiplied by the level of fertility estimated from the recent
data themselves, rather than by an estimate based on the

parity data.)
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INTERPRETATION AND DIAGNOSTICS

Typical errors in the data

The points derived from data applicable to women aged less
than 20 are often unreliable, as they are typically derived
from fairly small numbers of events and prone to a variety
of reporting errors, such as an enumerator ascribing an older
age to teenage mothers. It is thus common for the lines
fitted to the P- and F-points to agree for women at peak
child-bearing ages (20-34), but not at very young or older
ages. If the P and Flines do not converge even in the 20-34
age range, then either errors must be present in one or both
data sets, even at these younger ages, or (substantial) recent
fertility changes must have occurred.

A plot of all P-points and F-points provides information
on errors present in the data and recent fertility trends. It
is useful when interpreting the plots to remember that the
z()—e() values (on the y-axis) vary with the observed fertility
and parity schedules, whereas the g() values (which are based
solely on the standard) do not. Likewise, z()—¢() changes in
the same direction as the underlying ratios.

The most common types of issues highlighted by the
diagnostic plot are omission of children in the parity reports
of older women, age exaggeration, and an indication of
recent declines in fertility.

Zaba (1981) used simulated data based on the Booth
standard to explore the effect of data errors and fertility
changes on the plots. The results are described below.

1) Older women omit children in reporting their
lifetime fertiliry

If older women omit children in reporting their completed

parities, then the P-values will tend to be too high (as the

denominator of each cumulant will be disproportionately

low) relative to the straight-line pattern anticipated and the

P-points tend to curve upward at older ages.

2) Exaggeration of births, or age exaggeration by older
women
Both these errors have the same effect, either because an
erroneous number of births are reported to older women,
or because younger women (who tend to have higher recent
fertility) are mistakenly classified as being older than they
are in reality. As a result, the F-line curves downward at the
oldest ages.



3) Trends in fertility

Trends in fertility level are shown by the divergence of P-
and F-points on the graph. If ferdlity has been falling, the
F-cumulants tend to be higher than the P-cumulants at the
same age, and the F-points have a steeper slope than the
P-points. The diagnostic for falling fertility is therefore that
the F-points tend to lie on a line above that for the P-points,
and vice versa.

Rapid changes in fertility that have affected the younger
ages of childbearing usually prevent the P- and F-points
falling on a common line even when almost all the P-points
are excluded from the fit. Successive elimination of P-points
that fails to align the P- and F-points suggests that fertility
has changed rapidly and recently in the younger age groups.

Typical diagnostic plots, based on the Booth standard, are
shown in Figure 7.1.

As can be seen, if older women omit live births, the
P-points on the right hand of the scale (those for older ages)
will drift upwards. When women report themselves (or
are reported) to be older than they are, the effect is for the
F-curve to curve downwards at older ages. Finally, if fertility
is falling, the F-points will generally lie above the P-points.

In dealing with real data, one is often faced with a
mixture of errors and trends which may be considerably
more complicated than the neat archetypes set out here.
Severe errors may obscure real trends and, for this reason,
the method should not be applied indiscriminately.

P/F Ratios
While the P/F ratio method is not described in this manual,
the ratios that result from the application of the method
provide useful insights into recent trends in fertility. They
can also be used as guides to the applicability of certain
methods used to estimate child mortality.

Pseudo P/ F ratios for each age group can be derived quite
easily from a fitted relational Gompertz model. The ratio is
calculated as

£(x)= 5L,
F ﬁ.exp(—exp(a},+ﬂFYf(x+2.5))),

x=20,25...,45.

The numerator is the observed average parity in each age
group while the denominator uses the values of @ and 8

FIGURE 7.1 Diagnostic plots based on simulated data showing
common errors
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derived from the F-points only (much as in the F-only
variant of the model) to modify the standard gompit at the
mid-point of each age group. The anti-gompit is then scaled
up by the level of total fertility implied by the F-points
selected to be used in the model. The ratio is not calculated
for the youngest age group because — typically — average
parities are very low as is cumulated fertility to age 17V,
thereby causing the ratio to be unstable in that age group.
These P/F ratios can be plotted in reverse order so that
the oldest age group is on the left. The series of P/F ratios
can then be read as running through calendar time from left
to right (since, in general, older women’s fertility will have
occurred earlier in time than younger women’s fertility).
Excessive deviations from the general trend suggest errors
in the data. A downward trend in the P/F ratios (as plotted)
shows increasing divergence between cohort and period
fertility measures with increasing age, and hence is indicative

of declining fertility.

WORKED EXAMPLE

This illustration of the method uses data presented in the
report on fertility from the 2008 Malawi Census. The method
has been implemented in an Excel workbook (see website).

Step 1: Calculate the reported average parities

The average parities are presented in Table 2.6 of the 2008
Malawi Census fertility report. It is not clear from the report
whether the parities were edited or whether an el-Badry
correction was applied to the data, shown in Table 7.1.

TABLE 7.1 Measures of fertility from the Malawi 2008 Census

ey ety Peind il
15-19 0.283 0.111
20-24 1.532 0.245
25-29 2.849 0.230
30-34 4.185 0.195
35-39 5.214 0.147
4044 6.034 0.072
45-49 6.453 0.032

Step 2: Determine the classification of the age of mother

The question on recent fertility in the 2008 Malawi Census
was ‘how many live births in the last 12 months’. Since there
is no way of dating the child’s birth, one can assume that the
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data are classified by age of mother at the census date rather

than at the birth of her child.

Step 3: Calculate implied age-specific fertility rates
Fertility rates are presented in Table 2.6 of the 2008 Malawi
Census fertility report. (The derivation of these rates,
presented in Table 2.3 of the report, suggests that s f5, was
0.250, but the rates in Table 2.6 are retained for the purpose
of this example so as to allow a better comparison of the
results derived.)

Step 4: Choose the standard to be applied and the model
variant to be fitted
In the absence of an alternative, we apply the Booth
standard, and — in order to correct the shape and level of the
fertility data, elect to fit the Shape-F Level-P variant. The
coefficients, ¢() and g(), are derived in Tables 7.2—7.4 below.
Starting with the values from the standard in column [2],
the gompits of the standard are calculated in column [3].
For example, in the age group ending at 19%, it is —In(—
In(0.1140)) =—0.7753. Note that the cumulated values apply
to ages 14V, 19% etc., reflecting the half-year shift in the
classification of mothers’ ages. The ratios of successive pairs
of cumulated fertility from the standard in column [2] are
presented in column [4], and the gompits of these are shown
in column [5]. Thus, in the age group ending at age 392,
itis 2.6209 =-In(-1n(0.9298)) = —In(-In(0.9199/0.9893)).
The first and second derivatives at the point where § = 1,
presented in columns [6] and [7], are evaluated using the
formulae:

d '
ﬁ@(l) =¢, (1)

~ Y’(x+5).exp(Y:(x))+Y’(x).exp(Y:(x+5)).
B exp(Y*(x)) —exp(Y*(x+5))

dz n
7132@(1) =¢. (1)

(Y’(x)—Y’(x+5))2 .exp(Y’(x)+Yj(x+5))
(exp(Y* () —exp(Y " (x +5)))

Finally, e(x) is derived in column [8] by differencing columns
[5] and [6]. The g(x) values in column [9] are equal to the
valuesin column [6]. Table 7.3 repeats the calculations, but for
unshifted data; these values are required to produce the final,
unshifted, fertility estimates. Table 7.4 shows the derivation



TABLE 7.2 Derivation of e(x) and g(x) when data are subject ro a

half-year shift
Age x F(x)/[F Y(x) Ratio Phi Phi' Phi" e(x) gx)
[1] [2] [3] (4] [5] [6] [71 [8] [9]
. =Y(x)/ .
s Ys(x(f;) T _[5]-[6] _[6]
14 % 0.0011 -1.9228 0.0094 —1.5410 —2.4565 0.9155 —2.4565
19 2 0.1140 —0.7753 0.3233 -0.1216 —1.4527 0.9563 1.3311 —1.4527
24 Vs 0.3528 —0.0411 0.6007 0.6741 —0.7426 0.9632 1.4167 —0.7426
29 s 0.5872 0.6305 0.7529 1.2592 —-0.0364 0.9530 1.2957 —0.0364
34 15 0.7800 1.3925 0.8479 1.8021 0.8405 0.9615 0.8405
391, 0.9199 2.4830 0.9298 2.6209 2.1799 0.4409 2.1799
44 1, 0.9893 4.5323 0.9893 4.5324 4.5315 0.0010 4.5315
Phi"—bar 0.9575
TABLE 7.3 Derivation of e(x) and g(x) when data are not subject to
age shifting
Age x F(x)/F Y (x) Ratio Phi Phi’ Phi" e(x) gx)
[1] [2] [3] [4] [5] [6] [7] [8] [9]
15 0.0028 -1.7731 0.0204 -1.3591 -2.3278 0.9688 -2.3278
20 0.1358 -0.6913 0.3600 -0.0214 -1.3753 0.9582 1.3539 -1.3753
25 0.3773 0.0256 0.6200 0.7379 —0.6748 0.9629 1.4127 -0.6748
30 0.6086 0.7000 0.7644 1.3143 0.0393 0.9510 1.2750 0.0393
35 0.7962 1.4787 0.8559 1.8607 0.9450 0.9157 0.9450
40 0.9302 2.6260 0.9378 2.7455 2.3489 0.3966 2.3489
45 0.9919 4.8097 0.9919 4.8098 4.8086 0.0012 4.8086
Phi"—bar 0.9575
TABLE 7.4 Derivation of e(i) and g(i) from parity data
Agei P(Z) Y:(2) Ratio Phi Phi' Phi" e(7) g(i)
[1] [2] [3] [4] [5] [6] [71 [8] [9]
=gompit[2] =Y'(i)/Y*(i+1) =gompit[4] =[5]-[4] =[6]
0 0.0003 -2.0961 0.0056 —1.6449 —2.6738 1.0289 —2.6738
1 0.0521 -1.0833 0.2044 —0.4622 —1.7469 0.9519 1.2846 —1.7469
2 0.2549 —0.3124 0.5143 0.4081 —1.0159 0.9638 1.4240 -1.0159
3 0.4957 0.3541 0.7014 1.0367 —0.3349 0.9597 1.3717 —0.3349
4 0.7067 1.0579 0.8140 1.5810 0.4406 1.1404 0.4406
5 0.8681 1.9561 0.8969 2.2184 1.5162 0.7022 1.5162
6 0.9679 3.4225 0.9701 3.4943 3.2238 0.2705 3.2238
Phi"—bar 0.9585
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of the tabulated values of (i), g(i) and ¢ for use with the
parity data, using the parities from the standard as inputs in
column [2].

Step 5: Evaluate the plot of P-points and F-points
Following the guidelines above, we begin by fitting models
using all the P- and F-points respectively.

The results are shown in the first plot on the Diagnostic
plots sheet of the Excel workbook (see website) (Figure 7.2).

While the lines fitted to the P-points and the F-points
lie almost on top of each other, neither fits their underlying
data series particularly well. The F-points curve downward
markedly at the oldest ages, suggesting some degree of age-
exaggeration in the data, while the fact that the P-points lie
just below the F-points is an indication that a slight decline
in fertility is underway.

Step 6: Fit the model by selecting the points to be used
Examination of the plot suggests that a better fit to both lines
might be achieved if the P- and F-points for the last age group
were omitted. These points are eliminated from the plot and
the resulting revised plot is re-examined (Figure 7.3).

FIGURE 7.2 Plot of z()—e() against g(), all data points, Malawi,
2008 Census

While the lines no longer lie as close together and do not
remain parallel, visual inspection suggests that the removal
of the next oldest P-point might cause all the remaining
points to lie on a single line (Figure 7.4).

To all intents and purposes, these points can be regarding
as falling on a single line, implying that the average parities
and fertility rates underlying these points are consistent with
each other. No evidence remains that fertility has declined.
While a marginally better fit might perhaps be obtained by
eliminating the P-point associated with the 35-39 age group,
to further reduce the number of points included in the model
in order to produce a very small improvement in the fit is not
worthwhile. Indeed, the exclusion of that P-point results in a
small increase in the RMSE, from 0.044 to 0.045.

We can accept this ficting of the relational Gompertz
model. The third figure in the spreadsheet indicates that the
equation of the straight line best fitting the remaining nine
data points is z()—e() =0.9936.¢()—0.0272.

From this, the value of 8 is determined directly to be
0.9936, and the value of « is derived from the formula

a -0.0272,

=—0.0272 —%((ﬁ -1)¢)

u

z()-e()

y = 0.8370x - 0.0500

1
EN

y = 0.8447x - 0.1508

2
=)

# F-points = P-points

a()
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where ¢ is the average of ¢x”(1) from Table 7.2 for the
current fertility data (since the data are subject initially to a

half-year shift), and Table 7.4 for the parity data.

Step 7: Assess the fitted parameters

The estimated values of & (—0.0272) and 3 (0.9936) are com-
fortably close to the standard values of 0 and 1. In aggregate,
the slightly negative & shows that the observed fertility distri-
bution for Malawi in 2008 is slightly older than the standard
and the value of 8 less than 1 suggests that the spread of the
distribution is slightly wider than that of the standard.

Step 8: Fitted ASFRs and total fertility

To determine the overall level of fertility, the fitted values
of @ and f are applied to the standard parity gompits
(column [3] of Table 7.4) for the age groups whose P-points
were included in the model, and the anti-gompits calculated
(Table 7.5). Dividing the observed average parities for a
given age group by the fitted anti-gompit gives the level
of fertility implied by the average parities (column [6] of
Table 7.5, and an estimate of total fertility, 77, is derived
from the arithmetical average of these estimates (=5.9784).

TABLE 7.5 Calculation of estimated total fertility, T, Malawi,
1998 Census

Age Anti- Implied
gro'up Y*(i) Y(i) it P(7) fertility
i level
[1] [2] (3] (4] [5] [6]
=a+PBY*@)
1 -1.0833 —-1.1034 0.0491 0283 5.7662

2 -0.3124 -0.3375  0.2462 1.532  6.2218
3 0.3541 0.3246  0.4854 2.849  5.8694
4 1.0579 1.0239  0.6982 4.185  5.9937
5 1.9561 1.9162  0.8631 5.214  6.0407
T-hat 5.9784

To get the associated age-specific fertility rates in convention-
al ages, we again apply & and S, but this time to the current
fertility gompits, ¥*(x), in Table 7.3. Taking the anti-gompit
of the fitted values produces a cumulative fertility distribu-
tion. These proportions are multiplied up by the estimate of
T from the previous step to produce the absolute cumu-
lated fertility distribution. Differencing and dividing by 5
produces the final age-specific fertility rates (Table 7.6).

FIGURE 7.3 Plot of z()—e() against g() with F- and P-data points
associated with the 45-49 age group removed, Malawi, 2008 Census
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The ASFRs are shown in the last column of Table 7.6,
with an implied total fertility (15-49) of 5.96 children per

woman.

DETAILED DESCRIPTION OF METHOD
Introduction

The relational Gompertz model evolved from the Brass P/F
ratio method. It works with the same input data, and makes
use of the parity data from younger women to set the level
of fertility, while the shape of the fertility distribution is
determined by women’s reports on recent births.

Mathematical exposition

The relational Gompertz model of fertility, initially
developed by Brass (1978), is analogous in many ways to
the logit models of mortality. The model can be used to
describe any fertility distribution by reference to a standard
fertility distribution and the parameters used to transform
it to produce the required distribution. The transformation
used as a basis for the relationship between the two fertility
distributions is known as the Gompertz transformation. In
the original formulation of the model, it is performed on a

FIGURE 7.4 Plot of z()—¢() against g() with P-data point associated
with the 40-44 age group removed, Malawi 2008 Census

cumulated, proportional distribution i.e. where each parity
or fertility cumulant is expressed as a proportion of the
total fertility rate (the summed distribution). The summed
distribution therefore takes a value of one. The transformed
proportions are known as gompits and are given by

()
=—In| =In| —= ||,
F F

where F(x) is the sum of the age-specific fertility rates

Y(x)= gompit(

cumulated to age x and F is the total fertility rate. Exactly
the same relationship holds for parities, replacing F(x) with
average parity for age groups, and F with the cumulated
parity at age 50+. The Gompertz transformation ‘stretches’
the original age axis so that the gompits plotted against age
almost form a straight line. However, the transformation is
not perfect; the line tends to curve slightly at both ends, as
can be seen in Figure 7.5, which plots the fertility rates from
Booth’s (1984) standard.

The transformation can be used as a basis for a relational
model because plots of the gompits of different sets of fertil-
ity rates against age tend to deviate from linearity in similar
ways and, therefore, the relationship between the two such

3 -

2 .

y = 0.9935x - 0.0175

z()-e()

N
1
[y

\

g()

¢ F-points = P-points
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sets of gompits themselves is usually close to linear. Using
the model in a relational form enables the model parameters
to be estimated by fitting straight lines, which is a straight-
forward process and makes it simpler to interpret the results.

As the gompits of the fertility cumulants of any two fertility
distributions have an approximately linear relationship, one
can relate the gompits of an observed fertlity distribution
to the gompits of a standard distribution based on accurate
data, by means of the relation

Y(x)=a+BY(x),

where Y(x) is the gompit of cumulated proportionate
fertility at age x, and Y*(x) is the gompit of the standard
fertility cumulants.

In this formulation, o represents the extent to which
childbearing ages in the population differ from the standard
with negative values of @ making the age schedule of
fertility older. 8 represents the extent to which the spread
of childbearing differs from the spread in the standard
population. The spread of the distribution is narrower for
values greater than 1.

The modelis, in fact, a three-parameter model. Converting
the fitcted gompits back to estimates of cumulative fertility
using the reverse transformation produces a proportional
distribution which sums to one. A third parameter is required
to multiply all the fitted values up to the appropriate level of
fertility. This is effectively Total Fertility — the very thing one
is trying to estimate — but the estimate based on the observed
data may not be reliable due to reporting errors. Thus the

original fitting procedure (not described here) was adapted
by Zaba (1981), whose contributions and extensions to the
method are described below.

Zaba’s approach uses the gompits of the ratio of adjacent
cumulants of fertility to isolate the estimation of the shape
parameters from estimation of the level of fertility:

(x) F(x)

) F(x ol o Fx)
Y(x)= gomp1t(F(x+ 5)} = ln[ ln(F(x+ ) j] .

If the cumulant, A(x), conforms to a Gompertz model with
parameters ¢ and 3, then

Y(x)
- —ln(exp(—(a +Y'(x))) - exp(~(a+ BY*(x+ 5))))

=a —ln(exp(—ﬁY‘(x))—exp(—ﬁY‘(x-i— 5)))
=a+¢.(p)

where ¢ () is the second term in the penultimate line. For
values of 8 close to 1, ¢.(f3) can be approximated by a Taylor

series expansion about = 1:

9.(B)=

¢+ (-1 (3)

d (B-1* d°
dﬁ¢"(1)+ 3 dﬂ2¢x(1)+...

From the definition of ¢ (f), ¢.(1) = Y(x). Further, it can

be shown that

TABLE 7.6 Calculation of corrected fertility rates, Malawi, 1998
Census

Age group

Y(2) Y(i) Anti-gompit Scaled by T-hat ASFR
(up to age x)
[1] [2] [3] [4] [5] [6]
=a+f Y@ F(x)= [4]*5.9784 sfis= (F(x)=Flx—5))/5

15 -1.7731 -1.7887 0.0025 0.0151 0.0030
20 -0.6913 -0.7140 0.1298 0.7758 0.1521
25 0.0256 -0.0017 0.3673 2.1956 0.2840
30 0.7000 0.6683 0.5989 3.5807 0.2770
35 1.4787 1.4419 0.7894 4.7194 0.2277
40 2.6260 2.5817 0.9271 5.5428 0.1647
45 4.8097 4.7512 0.9914 5.9269 0.0768
50 13.8155 13.6984 1.0000 5.9784 0.0103
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d ,
ﬁ@(l) =¢. (1)

- Y‘(x+5).exp(Y’(x))+Yj(x).exp(Y’(x+5)).

B exp(Y*(x)) —exp(Y*(x +5)) ’

N
dﬂz ¢x(1) - ¢x (1)
(Y'(0)-Y(x+5)) .exp(Y () + 7 (x +5))

(exp(¥” (x) —exp(Y(x+5)))

(4)

Zaba (1981) evaluated this last quantity for a variety of
different values of x, and showed that it is almost constant

in the range 15 <x<30. (This can also be seen in Tables 7.2
7.4 where this quantity is derived). Thus, one can replace
¢X” (1) by ¢, the arithmetical mean of the quantities in that

age range and rewrite Equation 3 as

Y(x)= a+¢X(1)+(ﬂ—1)¢x'(1)+(ﬂ—1)2%

FIGURE 7.5 Effect of the gompir transform on a fertility

or as

Y(x)+4, ()¢ = +(/f—1>2§+ﬂ¢;<1>.

In other words, there is a linear relationship between

Y(x)+4,(1)-¢.(1) and ¢, (1).
In subsequent work (Sloggett, Brass, Eldridge etal. 1994),

Zaba re-expressed these terms as follows:
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6.0)-¢, 1) )
Yx) 2(x)

Hence, in this revised notation,

2(x)—e(x) =a+(f- 1>2§+ By(x),

implying a linear relationship between z—¢ and g.
Applying the same reasoning as above, the equivalent
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formulation can be derived for z(i)—e(i) in terms of @, 83, ¢

and g(7).

Variants of the fitting procedure

While the standard version of the model set out here uses
data on recent fertility to determine the shape of the fertility
schedule and sets the level by reference to the (selected)
parity points, other variants are possible that privilege one
set of input data over the other in different ways. The one
presented here uses only the data on recent fertility.

The F-only variant privileges the data on recent fertility,
and uses them to set both the shape and level of fertility in
the model. This variant should, therefore, only be used if the
analyst lacks parity data or does not wish them to influence
the fit of the model. Thus, this variant simply smoothes the
observed fertility rates using a relational Gompertz model.

Another extension of the relational Gompertz model that
uses only the data on parity is used to estimate fertility from
cohort parity increments. There is also a modified version of
the relational Gompertz model making use of data from two
censuses or surveys, that produces an estimate of intersurvey
fertility from these data.

CONSTRUCTION OF STANDARDS
The Booth Standard
The derivation of the Booth standard is described in detail
in Booth (1984). The important aspects associated with the
standard and its use in the relational Gompertz model are,
first, that the standard is intended for use in medium- to
high-fertility populations. Second, the standard was derived
from a number of schedules produced by the Coale-Trussell
fertility model, and is thus subject to the constraints imposed
by that model. For the most part, these are not material.
The standard used here is not identical to that published
by Booth. First, Zaba’s (1981) standard differs slightly from
Booth’s below age 15 to obtain a better fit for very early
patterns of childbearing. Accommodating these, it is possible
to reconstruct fully the tabulated coeflicients presented in
Zaba (1981) and Sloggett, Brass, Eldridge ez a/. (1994). The
standard used here is identical for the unshifted coefficients.
Where the shift is required, small differences emerge, arising
from the manner in which the original Booth standard
has been interpolated. Zaba (1981) calculated the values
for F(x+1/2), F(x+3/2), etc. by interpolating between
successive values of F(x), F(x+1), F(x+2). However, as the

gompit transform linearizes F(x), it makes more sense to

interpolate the gompits of F(x), Y(x) for half-year ages and
then to establish the values of F(x+1/2), F(x+3/2) etc. by
taking the appropriate anti-gompits.

Construction of alternative standards
As already noted, the Booth standard was designed for use
in medium-high fertility countries. In applications of the
relational Gompertz model to low-fertility countries or
those with very different patterns of fertility, alternative
standards are called for. We describe here briefly how to
derive alternative standards.

The basic approach to constructing any standard requires
a set of F(x) which can be converted by means of a gompit
into a series of ¥(x), and then to derive values of ¢_(1), ¢X,(1)
and ¢x”(1) from them using the relationships established in
Equations 3 and 4. From these, tabulations of z(), () and g()
can be calculated. As described above, the values of ¢x"(1)
are almost constant between 15 and 30 for a given standard,
and so the three values (15-19; 20-24; 25-29) are averaged
to produce estimates of the constant term, c.

To construct a new standard, one should begin with an
accurate series of age-specific fertility rates, f/*(x). Using
conventional demographic analysis, we can then define the

equivalent cumulants as
F(x)= [ f(a)da.
0

In most situations f{@) is not an integrable function, so
numerical techniques have to be used to approximate the
integral closely. Recursively, using the composite trapezium
rule,

Fox) = F‘(x—l)+%(f‘(x—1)+f‘(x)).

From this, the gompit, z(x) is readily calculated,
z(x) = —In(—=In(F(x)).

Using the properties of a Taylor expansion described in
Equation 4, the components of ¢(x) and g(x) can be defined
and expressions for these quantities derived.

The values of z(7), g(7) and ¢(i) are defined similarly, with
the only extension being the requirement to derive the
constant fertility parities associated with F(x). The parities
in any given age group [x, x+7) are given by

x+n

L= j F(a)da
which can also be evaluated using a composite trapezium rule.
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FURTHER READING AND REFERENCES

Other than the source material referred to already, literature
on the relational Gompertz model is sparse. While this is no
doubt due in part to its being described (Booth 1984) shortly
after the appearance of Manual X, a coherent exposition of
how to apply the model appeared only in the SIAP manual
(Sloggett, Brass, Eldridge ez al. 1994). The method has been
applied in numerous situations around the globe, although
not in the form described here.

The PASEX suite of spreadsheets prepared by the US
Census Bureau (1997), for example, offers a somewhat
simplified version of the model, forcing the user to fit the
straight lines to P and F using either just two P-points and
two F-points, or three of each, with litde regard for the
internal consistency of the points chosen. This is the route
adopted by the Malawian National Statistics Office in their
analysis of fertility data from the 2008 Census. Given the
high degree of consistency in these data for all women
aged less than forty, the results presented in that report
(TFR=6.0) do not differ in any meaningful way from those
presented in the worked example. With less-well behaved
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data, such congruence of results between the applications
should not be taken for granted.
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When women or parents think about childbearing they
usually think in terms of starting a family, or increasing their
family by adding another child. This chapter focuses on
analysing the incremental aspects of childbearing, looking
at proportions of mothers who reach a given parity or birth
order, and the proportion who then proceed to increase
their parity by at least one more child.

Information on birth order is easily obtainable from
two basic census questions: on women’s completed parity
and on births in the past year. Using the first question one
can disaggregate the births in the past year by birth order.
Examination of fertility data by parity through the use of
parity progression ratios and their projected equivalents
gives additional information on childbearing trends and
can be used to assess changes in the parity distribution of
fertility.

This chapter describes the procedure for calculating parity
distributions and parity progression ratios for women who
have reached the end of childbearing as well as the derivation
of projected parity progression ratios to forecast the eventual
distribution of younger women by the parities that they are
expected to attain when they reach the end of childbearing.

Parity progression ratios (albeit with somewhat different
notation) are well described in the demographic literature
(see, for example, Preston, Heuveline and Guillot (2001)).
The idea of calculating projected parity progression ratios
proposed by Brass (1985) is less widely known. The
exposition here focuses on the calculation of the latter
quantities, although conventional parity progression ratios
are required as part of the process and are described as well.

A parity progression ratio (PPR) is the proportion of
women who progress from one parity to the next. PPRs can
be calculated for cohorts of women defined either by age
or marriage. Usually age cohorts of women are considered
i.e. the parity progression ratios are calculated from the
parity distribution of a particular age group of women.

PARITY PROGRESSION RATIOS

Tom A Moultrie and Basia Zaba

For cohorts of women that have finished childbearing, and
assuming there is no differential mortality by parity of older
women, these measures are fixed. For cohorts that are still
in the childbearing ages, however, the measures change as
increasing numbers of women move to higher parities. The
measures derived from younger women thus suffer from
both censoring and selection effects as women predisposed
to having more children faster will be disproportionately
represented in age-parity combinations before the end of
childbearing. This means that comparison of the PPRs of
younger and older women is misleading.

Brass (1985) describes a technique for projecting P