Attention is drawn to the
copyright of this thesis reses with its author.
1

This copy of the thesis has been supplicd
on condition that anyone who consults it is

understood to recognise that its copyrigl

with its author and that no quotation

the thesis and no information derived from
may be published without the author’s prior
Written consent.




D} 14(«,/77

Nz 5PM

PP 247




DETECTION AND ADJUSTMENT OF AGE ERRORS

IN DEMOGRAPHIC DATA FROM AFRICA AND OTHER

DEVELOPING

REGIONS

JAMES PATRICK MANY

NTOZI

Thesis Submitted for the Degree of

Doctor of Philosophy in Medical Demography

London School of Hygiene and Tropical Medicine
University of London

March 1977




ABSTRACT OF THEST

nd censuses in Africa

Age data collected in derographic surve,s

ective snd incomplete. The reasons

and other developing regions are de

for these limitations are discussed in the thesis and metho', of detecting
and adjusting for the errors in age and coverage are presented, tested
and applied.

The uses of age data, the sources of age and coverage errors and

some of the previous attempts at reducing the errors at the collection a

analysis stages in developing countries are considered. Furthermore, an
examination of age heaping in tropical African censuses is made, and the

resultant patterns arc discussed, In addition, the study uses an averaging

surveys and

method to classify age and coverage errors in tropical Afric

censuses into four patters The plausibility of these four error patterns

is examined and discussed and cogent evidence is presented to show that

they exist. An orphanhood method is used to examine the question of sex

differentials of the errors but the result is not conclusive.

single country have

Since two or more successive censuses in
become available in many developing regions, the study presents, tests,

collected at consecutive

and applies methods that utilise age dat

censuses in order to examine and adjust for age and coverage errors. The

possible application of the Demeny-Shorter method to age data from Africa,

those in Turkey, is discussed. The

where conditions are different fro

a method based

Demeny-Shorter method is difficult to apply directly,

on the same idea as Demeny-Shorter method, but utilising age data from th
instead of two, successive censuses is presented and discussed as a

ible alternative. This three-census method is applied to data from the

po
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Fiji Islands, Mexico and Turkey censuses, and found to be better than

the Demeny-Shorter method hecause the former allows for

the likely changes in census coverage and different
errors in successive censuses. Unfortunately, the method can not be

lack of the requisite data.

applied to data from Africa on account

ext, a method that uses percent age distributions from two succe-

ssive censuses is developed in order to estimate the trend of real

fluctuations in a population, by use of this estimated trend the age

data collected at quinquennial and decennial censuses are adjusted and split

fully applied to data from

into smaller groups. The method is suce

Africa, the Fiji Islands, Mauritius, Mexico and Turkey.

The conclusions to be drawn from the study are that (i) there are

frica; (ii) there is strong

several patterns of age heaping in tropical

evidence to support the existence of at least four patterns of age and

coverage errors; (iii) there is little evidence to suggest distinct sex

! (iv) that the methods that

differentials of age and coverage errors; a

use data from two or wic: censuses are to be preferred.
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CHAPTER ONE

INTRODUCTION

Uses and defects of age data.
Age is of fundamental importance in describing and analysing
Data on age are generally useful

demographic phenomena. in three ways.
Firstly, age data are used in the analysis of fertility, mortality,
Secondly, age is important

nuptiality and many other areas of demography.
sential

in sociveconomic planning. For example, tabulations on age are
in computations of basic measures relating to factors of population change,
study of the

in the analysis of the factors of labour supply, and in th
ary to know how many children

problem of economic dependency. It is nece
are under age five in a population in order to plan for the number of
are in old age in order

and how many peof

schools to be built for them;
beds for them. Thirdly,

to plan pension schemes and geriatric hospital

census data by small age groups arc very necessary for projection purposes
ae correctly

Because of these uses, it is essential that age data axe
enumerated as pos

Unfortunately, in most developing countries age data collected so

far are highly inaccurate. For instance, age data collected in all past

in tropical Africa are known to be defective. There

demographic surveys
are several main causes of errors in these age data. Perhaps the biggest
d illiteracy. This cause of error has

cause of age errors is ignorance
been summed up by Dr. Blacker (1971) when he observes, "The widespread

the number of completed years bedevila the collection

ignorance of age in
of accurate data, and studies which have been made of reported African age
and by the

distributions have revealed massive and deep seated errors

United Nations (1961,p.243) which evaluated the South Asian situation as,




t would appear that the Indian population is not traditionally age
conscious". With this kind of ignorance of age, the traditional questions
on age - 'How old are you?' and 'When were you born?' cannot i

cxpected
to receive accurate response in most developing countries.

Even in populations which are neither ignorant nor illiterate, as

in the United States or in Western Eurcpe, age errors have been detected
in the past censuses. Much of these census age errors have been traced in
heaping on certain digits, mostly on digit 5 and O, by respondents. This
type of error tends to be more serious with older ages. This age heaping
problem is much worse in developing countries where ignorance and illiteracy
exacerbate the situation.

The third cause of age errors in developing countries is wilful
intention. Sometimes, where the respondents are neither too ignorant nor
too illiterate to remember their

tual ages, they may deliberately report
false ages.

Their intentions in doing this may stem from the wish to

avoid taxation or military conscription by reporting themselves younger or
older than the legal age range. On the other hand, some respondents may
want to take advantage of the social benefits of the system by, say,
reporting themselves older, in the case of men, to gain respectable status
in the society,

or younger, in the case of women, to look attractive in
society.

Fourthly, some of the age errors are introduced into the data by
the census enumerators and interviewers. Censuses and national sample
surveys are too big to allow the organisers to give adequate training to
their enumerators and interviewers who are the primary collect

data.

the age
Furthermore, enumerators do not have enough time to probe for the




the correct age and most of them use their judgement,which is quicker
than using instructions laid down. In such situations, the enumerators

ess respondents’ ages by using norms like age at puberty,

are tempted to a
marriage or menopause, parity and physical appearance. All these character-
istics are merely rough guides of age and often mislead the enumerator into

recording totally wrong ages since there is great individual variability

in the relation between these characteristics and age.

defective

A fifth source of age errors in developing countries
age data collection procedures. Some of the age errors are caused by the
wording of questions. The 'date of birth' question creates problems of
ignorance, while the question of 'How old were you at the last birthday?
may be irrelevant in societies which do not celebrate their birthdays and
hence have no social need to remember them. Both these questions tend to

'date of birth' question

give rise to digit preference. For example,
resulted in a marked preference for digit 9 in the Rhodesian African and
ambian censuses of 1969 because respondents rounded up their dates of birth
at years ending in O like 1910, 1920, 1930 etc.; while the 'How old are you?'
question led to heaping of ages on digits O and 5 in the Ugandan and Kenyan

censuses of 1969,

The final cause of age errors is the difference of age scales in
different societies. Since the organisers of censuses and demographic surveys

western countries or

in most developing countries were either from the

trained there, they have tended to use age scales that are alien to the

population surveyed. For instance, the western concept of solar calendar
years is different from the concepts in many societies in the developing
countries. Some societies in Africa work with season or moon calendars,
while the Chinese use 'animal’ calendars; and the Japanese idea of counting

s is a year ahead of the western counting.




errors, the age data collected in developing

Apart from the
countries are deficient because of coverage errors. The omissions in the

census or survey may be so significantly big that the reported age structure

is not representative of the actual population even if the mis-statements
factors. Firstly,

vere small. Coverage errors may be due to several
On the census night there are internal

migrations cause many omissions.

If the census is de jure, many emigrants are

migrants who are not covered.
missed because they are illegal; for instance, in Upper Volta a study done

on emigrants to Ghana (see Conde 1971 Table IV-4D) found that those reported
in Upper Volta were only 43X of the Upper Volta's citizens enumerated in
Ghana around the same time because many were not reported by their families

for fear of prosecution in case they were illegally outside the country.
in the Portuguese

like those

some of the censuses in Africa,
trative assembly

Furthermore,
and South African controlled areas taken on the admin
» did not cover everyone; women and children were liable to omission.
in the developing world are prohibited by custom

basi
In addition, some societie:
from reporting on certain age groups because of religious and cultural
For example, many men in the Arab and Muslim African ateas do not
Also some African societies have

reasons.
Consequently,

allow enumerators to meet their wives.
cultures which prohibit anything tantamount to counting children.
missed by censuses. Boundary problems

many wives and children might have bee:
and wars have also contributed to omission errors. For instance, the 1962

Kenyan census left about one £ifth of the country's land unenumerated

because of the boundary clashes between Kenyan and Somalian soldiers at the
Parts of Lesotho

are inaccessible.

omadic life in

time, Besides, some areas in Afric
were too inaccessible to be enumerated in the 1966 census.
some African countries makes it impossible to enumerate fully populations of
tiie Turkanas and the Karamajong of Kenya and

for example,
they lead

certain are
Uganda vere only partially covered in the last censuses becau




of Chad and Upper Volta were left out

P many are

because it was impracticable to enumerate the nomads.

Lastly, it must be

noted that the coverage errors distort the percentage age structure in so

. far as the age structure of the missed groups is different from the rest
This is particularly likely to .appen in a country

of the population.

gration, either of a long or short term

where there is much internal

nature.

Procedures of probing for improved age data.

Some of the age errors mentioned above arise from the use of the
asking straight questions on date of i irth

traditional questions on age (i
| or completed years). The major problem of asking the question on the date
of birth in Africa is that most people do not celebrate their birthday, «
thus, it is often useless to ask for the day or month of birth; but if a
year of biith inly is asi# (nere is a problem of deciding which age a
person is it a census is held in the n of a year. However, of the
two questions, many experienced demograyh. . Africa g, J. Blacker and
lotad yesrs' because

C. Seote - 1974, p.39) prefer the Uate of birth' to

fixed and hence less confusing

of three reasons: (1) a date of birth
to remember than the age vhich varies from year to year; (2) probing for
year of birth may encourage the enumerators to make use of event calendars

pondents with birth .. baptism certificates

(3) those re

or other aid
may be encouraged to utilise then if asked to givi date of birth.

In order to improve the quality of the collected age data, several

procedures of age probing have been used in different inquiries of the
developing countries. The best known and most widely used method for
helping enumerators to probe for ages of respondents is the historical
eventcalendar. The event calendar method has mot been very successful in

pinpointing the actual date of birth mainly because there has been a




tendency for the census organisers to emphasise national events which often
have meant little to the rural population. For instance, a national event

like political independence is easily common knowledge to the educated

people in Africa, but may not be remembered by most rural people wh

apolitical and remote from the centre of political activities. It is
ible to make local event calendars, but such exercises would be too

Ppo

expensive and time consuming. In addition, enumerators need sufficient
motivation, rigorous training and adequate time to be able to use the
calendars satisfactorily. In censuses and big surveys, these requirements
are very difficult to satisfy because of costs and lack of time. Another
drawback of the event calendar system is that if enumerators put the

historical events in a form of leading questions to respondents, the latter
or in order to

are encouraged to simply acquiesce either out of politeme
Besides

avoid further boring questions which
the respondents may confuse events which occurred next to one another, for

example, influenza epidemics may be confused with, say, smallpox epidemics

or drought with famine.

A further procedure of probing age is the use of tribal age grades

For example, Dr. Blacker used age grades based on special names for those
This

on in the same period in the Kikuyu of Keny

who underwent circume
procedure may be advantageous in that since most people asked answer immedi-
ately and clearly, there is no further probing required. However, the

procedure is of limited value because: firstly, many tribes in Africa do

not have age grade systems; secondly, some age grades may be so broad as to

be useless for enumerating ages in small age groups; thirdly, local varia-
tem to be

tions may be too many for any meaningful general age grade sy
constructed for an area; and finally, migrations and intermingling of

peoples from different cultural traditions can make the procedure difficult

to apply.




Another procedure of age collection has been suggested by Caldwell
and Igun (1971). It is based on the idea that if people (usually the

literate and educated) in a locality know their ages accurately, their ages

would be used as benchmarks in the estimation of ages of other respondents
who are in the contemporary cohorts. This approach has been used unsyste

atically in small anthropological studies. Although the development of a
systematic procedure is still at the experimental stage, it appears to be

of limited value because of the extra time and expense required that seem

to be unjustified because of the marginally better results obtained so far.

Lastly, there have been suggestions of the use of specific

characteristics of physical development in estimating chronological age.

For instance, Voors (1957) and Voors and Matselar (1958) made studies on
the relationship between dental and chronological age. Such procedure has
not been used in censuses and more tests may be necessary to show the
effect of the variability on biological aging among individuals in homogenous
populations. 1In fact, enumerators and interviewers have long used the
physical features of respondents to determine age in many demographic
surveys where age is completely unknown, but the resulting errors are

erratic and uncontrollable. Often age reports have been based on cultural

factors such as weaning, walking, talking, puberty and marriage.

Existing methods of analysing defective age data
for

Whilst field demographers were trying out new procedure

improving the quality of the collected data, another group of demographers
The

wvas working on methods of analysing the defective reported age data.
works of the latter group include studies by A.J. Coale, P. Demeny, Norman

Carrier, John Hobcraft, E. Van de Walle and A.M. Farrag.




The theory of stable population, which was first conceived by
Baler in 1760 and fully developed by Lotka in 1907, has been expanded and
used extensively by demographers in analysing age data. The age distribution
of a stable population is given by the equation:

a.n

c(a) = be ™ p(a)

where c(a) is the proportion of the population at age a, b is the birth rate,

Pp(a), the proportion surviving from birth to age a and r is the annual

7 , real
rate of increase. T is the sole,root of equatio

JY e pa) ma) da = 1

where m(a) is the proportion of persons of one sex who annually become
parents of a child of the same sex, and w is the highest age attained.

Using the fact that every combination of a life table and a rate
of increase determines an age composition with an associated birth rate and
death rate, Coale and Demeny produced a total of nearly 5,000 stable

(24 for each sex of four

populations associated with 192 model life tables

regional families). Three of the four regional families of life tables
(North, East and South) are wholly based on mortality experience found

in the Northern, Eastern and Southern parts of Europe, and the fourth
family (West) mostly on Western Europe,but also on the White Commonwealth,
South Africa Whites, U.S.A., Japan, Taiwan and Singapore. These model
stable population age distributions have been used widely for many countries
where age data are incomplete, but there is no evidence to indicate that
underlying age structure has approximately followed quasi-stable population
conditions, i.e. falling mortality and approximately constant fertility.
However, the main disadvantage of the Coale-Demeny stable age distributions
is that they are based on European life table systems, which are unlikely
o exhaust the variety of mortality patterns to be found in the world.

For instance, some developing countries have higher rates of infant and




early childhood mortality and a faster declining tempo of these rates

than envisaged in the tables.

A more flexible set of model stable population age distributions was

calculated by Carrier and Hobcraft (1971) from the Brass model life table

systems. The EBrass model life table systems depend on the logit trans-

formation equation:-

Y=a + Y8 (x) (1.3)

which relates the standard mortality function £s(x), to the other schedul
of mortality, £(x), and where Ys(x) and Y(x) are logits of the former and

latter functions, respectively. o and £ are constants - a measuring the

level of the overall mortality and 8, the relation between child and

adult mortality. Brass (Brass et al.,1968 pp.127-135) has indicated that

this two-parameter (x and B) becomes one parameter (1 only varies) life
table system whenever there is insuffident evidence about adult mortality

= 1. The African Standard' is a

to justify a choice of & other than f
special case of these life tables, where £ = 1.0 and a = 0.0, features

that approximate to the mortality situation in Africa.

The calculation of the two parameter stable population tables by

based on the Brass one parameter model life table

Carrier and Hobcraft wi
system to represent the mortality conditions and on the Gross Reproduction

Rate (GRR) to represent fertility conditions. One Carrier-Hobcraft table

is allocated to each mortality level, from level O to 90 by steps of 5.
For each mortality level there are 16 age distributions reflecting 16
fertility assumptions made, i e. representing GRR's of 1.0 to 4.0 by steps

of 0.2. These tables are flexible and have been much used by demographers

of incomplete age data from developing countrie:

in the analys




In addition to these two model stable population system
other studies

of age data specific to particular situations and places
have been done.

For example, Norman Carrier and A.M. Farrag (1)59)
presented metho

tting large age groups into small
b

ones
s of correction.

a
Their methods were

data.

successfully applied to the Egyptian
Another method that deals with specific situations was developed

eri ter (1968). The Demeny-Shorter method was
evolved to deal with Turkish age distributions which were largely distorted
by past vars. Furthermore, Van de Walle's analytical study (1968) of the
African age data was a big eye-opener to the possibilities and limitations

of using demographic methods to analyse highly defective age data.

More recently, a very interesting study of 'gross' and 'net' age

errors vas done by Gibril (1975). He matched individual respondents to the
1973 Gambian census by name with the Medical Research Council (MRC) records
compiled over a twenty-year period for four villages - Keneba, Mandaur,
Kanton Kunda and Jali. Then by fixing the mean ages of the MRC records
st 2.5, 7.5, 12.5, etc.,he calculated the corresponding mean age

and hence
the standard deviations of the census d.

tributions, by sex (see Table 1.1).
The results of the calculations displayed in Table 1.1 show that with

the exception of one value (ie. males aged 65-69), all the net errors -
the difference between the mean ages of MRC and the Census - were much
smaller than the gross errors - the standard deviations. His study also
indicates that the gross errors are more important then the net errors in

distorting the age structure of human populations because the former
errors reflect the variability of the ag

allocated by the census
around the mean

es. Thus

Gibril's work, though limited in area and in
the number of people studied, highlights the need for a detailed study of

age errors




TABLE 1.1. Net and Gross Errors of four Gambian Villages

\ oo

AGE MALES
Net Errors

Errors

L ¢ Ere gress Errcrs ‘ Net Errors  Gro
| = MRC-Census (or Standard | = MRC-Census (or Standard
Mean Ages Deviation) Mean Ages Deviation)
|
0-4 | o1 1.83 +0.71 2.01
5-9 +0.22 2.50 +0.11 2.48
10-14 -0.88 -1.22 3.61
15-19 -0.15 +0.88 4.31
20-24 +2.15 +1.54 5.42
25-29 +3.29 4.70
30-3 | +0.88 5.37
35-39 +2.38 6.15
40-44 +3.97 -0.38 7.79
45-49 +1.64 -0.34 8.55
50-54 +2.85 +0.31 9.91
55-59 +4.81 +3.83 8.78
60-64 +5.15 +5.78 9.77
65-69 +4.93 3.36 +6.71 8.39
70-74 +1.87 6.02 +5.40 5.66

Source: Gibril, M.A.(1975) Table 5.




Objectives of the study and Summary of the Chapter

Despite the above-mentioned attempts by various demographers to
develop methods of collecting and analysing age data, there is still a
great need to find more appropriate and realistic methods for analysing
incomplete age data collected at demographic inquiries in developing

countries. The present study is, therefore, devoted to applying current

and new methods of analysis in order to achieve five objective;

to examine the feature of age heaping in tropical African inquiries;

[¢8)

(ii)  to discern and investigate patterns of age and coverage errors in
the tropical African survey

(iii)  to look at the differences in errors of age data between male and
female respondents;

(iv)  to contribute to the growing number of methods of detecting,
measuring and adjusting for various errors of age data from the
developing countries;

W) to stimulate further research in the field of errors of age data

and related demographic characteristics.

In view of the above objectives, the thesis will be divided into
seven chapters. Chapter one (foregoing) is a brief review of the subject of
age errors in developing countries. The phenomenon of age heaping in

tropical Africa will be looked at by the use of thirteen African censuses

A study of patterns of age and coverage errors in tropical

in Chapter 2.
Chapter

Africa by utilising twenty-five inquiries vill follow in Chapter 3.

4 examines the differences in age and coverage errors between male and female

African populations.

Furthermore, methods that utilise age data reported in successive
untry are presented in chapters 5 and 6. Chapter

s of the same

censu:
al of the

5 is divided into two parts: the first one is a critical appra:

Demeny-Shorter method, end the second part is a presentation of a method
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based on the same idea as the Demeny-Shorter method,but takes advantage of

#8¢ data from three successive censuses. The method presented in Chapter

6

also based on the Demeny-Shorter id

but uses per cent age distribu-
tions of two successive censuses. This method is initially developed to
use age data of quinquennial censuses and then is extended to utilise
decennial censuses and single year age distributions. The final Chapter
(1) gives a sumary of the findings and the main conclusions of the study

of age errors in the preceding six chapters.




CHAPTER Tvo

AGE_HEAPING IN AFRICAN INQUIRIES
Introduction
Many studies of patterns of reporting ages in demographic and social
surveys in developing countrics have noted frequent occurrence of age
heaping at certain digits and age avoidance at other digits. This kind of
systematic age error is mainly due to the illiteracy of the population
need for remembering

enumerated and the almost total lack of socio-economic

birthdays in many societies in the developing countries.

Typical demographic inquiries showing age digit preference error
are the tropical African censuses and national surveys conducted in the

t two to three decades. A cursory glance at most age distributions

1

reported in single years from these African surveys will reveal heaping of

populations on ages ending in certain digits and avoidance of others. This

sex pyramid of the

fact

s illustrated by Fig.2.1 which shows the ag

de facw It 1s clear from this example that a saw=

Populacion of Ghana 1970.
toothed pattern of reporting ages in single years is shown after age 20.
Populations are concentrated at ages that are multiples of 0 and 5 and the

interesting

heaping becomes wore promounced with higher ages. It is, thu

to explore this seemingly common characteristic of tropical African age

to the

data further and attempt to examine whether there are any variation

phenomenon.,

So far several students of African demography have attempted to

Vorthy of note is a

identify patterns of age heaping in African survey
study done by Etienne Van de Walle (1968) which indicated age heaping at
digits O and 5 in the British and Portuguese oriented inquiries and age

avoidance of these digits in the French supervised surveys. Hovever,
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¥an ge Walle's work did not measure the extent of age digital

Preference across tropical Africa. Therefore, it is the intention in

the gtudy in this chapter to: (i) use data from the most recent 13 censuses
tken in tropical Africa; (ii) measure the extent of age digital pref-
@ence in these surveys; (iii) discern the patterns of age heaping in the
inquiries; (iv) indicate the distorting effect of age heaping on the age

Mructures; and (v) adjust the age structures for the age heaping errors.

The basic analytical procedures used in detecting, measuring and correcting

for the error of age heaping are: first, the Myers''Blended' method and

Second, the Sprague multiplier

2-2  Measuring Digital Preference

A standard technique for measuring how much terminal digits are

favoured or disfavoured in age reporting was developed by Robert Myers

(1940). This method which produced digit preference indices was critically
®amined by Norman Carrier (1959), who did not find serious objections

to it. Norman Carrier (1959) and other writers,such as Roberto Bachi
(1951) and K.V. Ramachandran (1965), have proposed more theoretically
®legant methods of measuring indices of age heaping. However, the
Simplicity of the computations of the Myers' method for gemerating indices
of digital preference has, in practice, made it preferable to other
Bethods which, besides being more laborious in computation, scarcely yield
different results.

The procedure of the calculations involved in the use of Myers'

Bethod will be given in brief. The procedure follows five steps

(@) The populations ending in each digit over a 10 to.69 range

starting with the lower limits of the range (10,20,30....,60;

62; 19,29,...,69) were summed up. The age

11,21,...,61; 12,22,

restricted to ages 10-69 because of the lack of data in




single years above age 70 for some of the censuses used; and also in order

to avoid extreme and unrepresentative age distortions that occur below

age 10 and above age 70.
[¢E8) A second sum, similar to the one in (i), covering the age range
20-69 is calculated.
(iii)  The two sums (in steps (i) and (ii)) are weighted: first sum
weights are 1, 2,...,10 and the second sum is weighted by

ation is obtained by adding the two

...1,0. A blended pop

9.8,.

resulting products. If the true change with age was linear the

expected values of the numbers for each digit would be the same.
The small differences from linearity have little effect.

Gv) The blended population distribution is converted into percentages.

[ Deviations of each percent from 10.00Z, the expected value for each

percent,are computed.

Table 2.1 illustrates the computational procedure of the Myers'

method in generating indices of age heaping by using female data from the
Ghana census of 1970. Column (7) of the table represents the indices of

preference for each terminal digit. The terminal digit preferences are
added, regardless of the signs, to form an overall index of preference for

a population - see the bottom row of Table

The resulting patterns of age heaping

Very interesting patterns of teriral digit preference indices
have emerged from the application of the above procedure to 13 censuses
by sex taken in tropical Africa between 1960 and 1970. Table 2.2 shows
that the 26 different population distributions display ten combinations

(i) 0,5 and 8, exhibited

of the first three preferred digits as follow

(ii) 0,8 and 5 by 3; (iii) O, 5 and 2 by 1; (iv) 9,7 and

by 14 populations
(vi) 9,1 and 7 by 1; (vii) 5,8 and 0 by 1;

5 by 2; (v) 9,0 and 5 by
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(viii} 0,8 and 9 by 13 (ix) 6,8 and 5 by 1; (x) 0,6 and 8 by 1 population
distribution. It is significant that the picture in Table 2.2 is, thus,
dominated by a pattern of heavy concentration on digits O and 5.

in African censuses is largely due to the roun-

The

preference of digits O and 5

5 by enumerators or the respondents

ding . -of ages on the multiples of O or
where there are no birth certificates to refer to and where the bulk of
incentive to recall the dates of birth.

the population does not have any
This practice of rounding up ages to 0 or 5 is not restricted to African
populations only. Carrier (1959) found the same practice in the Maoris of
New Zealand; nor is it confined to the developing socicties - Myers (1940)
showed its presence in the Whites of the United States

s pertinent to mote

However, as can be seen from Table
in 1969 censuses,

that the African populations of Rhodesia and Zambia,

heaped their ages on terminal digit 9 and the population of Lesotho,

the 1966 census, heaped on digit 6 instead of the expected O and 5. This
avoidance of terminal digits O and 5 in age statements is not an uncommon

* iustance, Van de Kaa (1971) found

feature of age heaping in censuses.
a peak of age heaping at digit 5 and 6 instead of O in the 1966 census of
mainly the

ev Guinea. The cause of this kind of age heaping i

Papu:

wording of the question on age. There vere two main questions on age used

in the tropical African censuses, namely 'completed years of age' and
While respondents will tend to round their ages to O

'date of birth'.
up the

in reply to the former question, there is a tendency to round
Thus, the use of

year of birth to 0 in response to the latter question.

'date of birth' in Rhodesian and Zambian censuses of 1969 gave rise to
respondents heaping their birth dates on years ending in O such as 1900,

1910, 1920 etc. and resulted in age heaping on terminal digit 9.

s possible that the pattern of age heaping

Furthermore, it
which disfavours numbers that end in O and 5 arose from the enumerators
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making deliberate attempts (on the instructions of census officials) to

avoid digits O and 5 when estimating ages of highly illiterate populations.

The avoidance of O and 5 was also found in the French organised demographic

an de Walle (1968) who attributed it to the

inquiries in Africa by
sho were sceptical

mpress their supervisors

intervievers' attempts to
returns of

o 0 and 5, with seemingly accurately probed

of ages rounded

single ages.

The final reason for the avoidance of O is probably the misuse

of historic event calendars in the estimation of single ages, as in the case

of Papua-New Guinea (see Van de Kaa, 1971). It is probable that most of

the enumerators in the Lesotho census of 1966 found that they had

to resort to the use of historic event calendars because respondents were

unable to answer the 'completed age' question put to them. Consequently,

the enumerators had to estimate the dates of birth of most people, resulting

in the rounding up of years of birth to 0. Thus, the peak of age heaping

to be 5 or 6.

in Lesotho is shown by Table

Besides considering the most favoured terminal digits, it is

portant to examine the ranking of all terminal digits in order of digit

preference. Thus, by use of the digit preference indices shown in Table

2.2, Table 2.3 is compiled to indicate the ranking of all ten terminal digite

(0 to 9). The overall ranking in the 13 censuses is, from first to tenth,
0,5,8,2,9, 6,7, 4, 1and 3. For reasons discussed above, it is clear
from Table 2.3 that terminal digits O and 5 are most favoured.

It is also

notevorthy that next to O and 5, digits 8 and 2 are preferred. As can be

seen from Table 2.3, out of 26 populations considered, digit 8 ranks 2nd.

fifteen times; digit 2 ramks 4th. fourteen times and

six times and 3rd.

6th, seven times. The probable reason for the high ranking of 8 and 2,

that populations tend to

as Carrier and Hobcraft (1971) observed,
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favour even numbers rather than odd ones in reply to questions on 'completed

ctic average basis,

Also, despite the fact that on arithn

years of ag
odd digit 9 ranks higher than even digits 6 and 4, and 7 precedes 4, an

examination of years of birth given will show that years ending in 0 or

even numbers were preferred to the odd ones.

Statements that even numbers are attractive and odd numbers are

avoided can be shown by leaving out the two censuses of Rhodesia and

Zambia where questions were on 'dates of birth'. The resulting ranking

7, 3 and 1, thus making all the even

order would be O, 5, 8, 2,
digits precede odd digits (with exception of digit 5 for reasons already

mentioned). Hence,it can be seen from Table 2.2 that digit 1 is disliked,

mostly because of preference for O and, to a lesser extent, in preference

for even digit 2; digit 3 loss of age statements is in credit to 2 and 5;

7 is avoided in favour of its even neighbour 8 and also 5; digit 9 is
Table 2.2 also shows that

avoided in preference for O and 8. However

for reasons already mentioned, odd digit 5 gains age statements heavily

at the expense of even digits 4 and 6.

Furthermore, Table 2.2 presents different overall indices of

preference. An overall index of preference in our present study will be
defined as a measure of age heaping for all digits put together. It is

obtained by surming up all the absolute deviations from 10.00% (ie.
terminal digits preference indices). The smaller an overall index of
preference is, the less digit preference error there is. The theoretical
range of the index is O when there is no age heaping error at all, and
180 when all ages were reported at a single digit, say O.

It is clear from Table 2.2 that East and West African countries

show higher overall indices of preference, apparently because of the high




1 and

degree of age heaping on digits O and 5 and much disfavour for &,
9. On the other hand, the countries of Southern Africa have low overall
largely because these populations do mot have very

indices of preference,
The foregoing

namely 9 and 6.

heavy heaping on their most favoured digits
observations do not necessarily mean that the black populations in the

Southern African countries reported their ages better than the Eastern and
Western African populations in regard to the age heaping errors. As

mentioned above, it is probable that the differences in questions of age

and in the survey method used in different areas of Africa were crucial

factors in causing disparity of heaping errors.

In addition, Table 2.2 provides a comparison of age heaping errors

for two censuses of the same country. The overall index of preference and

heaping error at every terminal digit for the 1969 Kenya census shows

an appreciable improvement for both males and females over the 1962 census

results. Also, the Chana results in the 1970 census show some reduction

in the overall index of preference and terminal digital indices over the

1960 cemsus. The improvement shown in the Ghana and Kenya censuses was,
perhaps, due to the improved methods of age probing that were used in the
latter censuses after learning from past experience. However, the analysis

shows more heaping on digit 5 in 1970 than in the 1960 census of Ghana,

implying more rounding up at 5 in the latter than the former cens

 Another pattern of age heaping displayed in Table 2.2 that is worth noting
is about sex differentials. Our analysis shows that in all censuses

considered, females heaped their ages on O whereas males heaped their ages
on digit 5. In most cases the overall index of preference is higher for
females than for males probably because the enumerators who were predominantly
male were likely to get more frank answers from their fellow men than

from the women. Another possible reason is the sex differential




The percentage of literate population

of literacy in tropical Africa.
is much higher for males than for females. For instance, the 1969
Ugandan census found that 40% of all males, compared with 21% of all females

claimed to have been to school. The cause of this inequality is the

discriminatory attitudes of African men against women emanating from
religious beliefs. In Nigeria, for example, the majority of the population
is Muslin and they prefer to educate their sons rather than their daughters.
They also hold a socio-cultural belief that sons should be educated to

continue the lineage of their fathers in comparison to educating daughters

who would eventually marry into another clan. The higher education for mal

ibly led to less ignorance of ages since they were probably in a

o

better position to make a good guess of age than were females.

the best age grouping method

A step before adjusting the age structure for the age heaping

is to determine the best age grouping method for each population distri-
bution by using the information contained in Table 2.2, The deviations
from 10.007 corresponding to each of the five digits of the particular

grouping method are summed and the sums are shown in Table 2.4. The closer

the sum is to zero, the better is the given group. For example, the sums
of the deviations of five digits for different age combinations for the
Kenyan males of the 1969 census are (see Table 2.4) 1.14, 3.55, 1.77,
3.43, 0.47 for 0-4, 1-5, 2-6, 3-7, 4-8 respectively. The chosen age
groupinge are only marginally different from the sum of the conventional

e combinations, namely O-4, 5-9 etc. For example, the Kenya male

2-6, 7-1 etc. combination,

population of the 1962 census is grouped under
whose sum - 0.76 - differs marginally from the sum of O-4, 5-9 etc.
2.6(a), the effect

combination - 0.99, and as can be seen later in Table 2.

of the re-grouping of this particular population creates only small

differences.
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As a result of the above selection procedure, the suitable

age grouping methods for females in the 13 censuses are as follows:-

“) 0-4 and 5-9 are appropriate for Liberia 1962, Nigeria 1963,
Rhodesian Africans 1969, Uganda 1969 and Zambia 1969;
i) 3-7 and 8-2 for Lesotho 1966;
(iii)  4-8 and 9-3 for Botswana 1964, Ghana 1960 and 1970, Kenya 1962
and 1969, Swaziland 1966 and Tanganyika 1967.
More combinations emerged for the males:
e 0-4 and 5-9 for Liberia 1962, Nigeria 1963, Rhodesian Africans
1969, Uganda 1969 and Ghana 1970;
(i) 2-6 and 8-2 for Lesotho 1966;
(iii)  4-8 and 9-3 for Botswana 1964, Ghana 1960, Kenya 1969 and
Zambia 1969.
It may be noted that all the censuses, save five, have both
males and females in the same grouping, which implies very similar patterns

of age heaping on terminal digits. The five exceptions are, Ghana 1970,

Kenya 1962, Swaziland 1966, Tanganyika 1967 and Zambia 1969, probably

because, as can be shown by Table 2.2, there is a substantial difference

is of age heaping between the sexes, despite the broad

in the emph

similarity of patterns.

Adjusting for age heaping errors

The next step in our study of age heaping is an attempt to
correct age distributions for errors due to digital preference. To do
this we form five-year age distributions of our populations based on the
above suitable groupings. 10 out of 26 populations have age groups O-4

and 5-9 as appropriate combinations and are excluded for a reason to be
made clear later. The results are then subjected to an oscillatory




32,
interpolation formula in order to split the five year age groups into single
years.

The formula used is one developed by Thomas Bond Sprague in 1880.
This b

c formula was later used by Wilson H. Grabill of the U.S. Bureau
of the Census to produce wh

¢ are called the 'Sprague Multipliers'

An
advantage of these interpolation coefficients

that they maintain the same
totals for each age group.

An electronic computer has been used to gemerate single year
populations from given five y

ar groups using the Sprague uultipliers for
each sex of the eight censuses. The estimated populations in single years
are then summed up according to the conventional five year age grouping,
namely 0-4, 5-9, 10-14,etc. The resulting estimated age distributions,numer-
ically and in percentages,are shown in Table 2.

5(a) and (b) and 2.6(a) and
(b) respectively.

Furthermore, ratios of the estimated to the enumerated
populations ere calculated.

The ratj.s give an indication of the likely

effect of digit preference on the age structure and are contained in
Table 2.7.

The performance of the procedure in adjusting for age heaping is
shown by Tables 2.5(a), 2.5(b), 2.6(a) and 2.6(b). The transfer of
population from age groups with surplus numbers to deficient age groups
is shown by Tables 2.5(a) and 2.5(b) to be substantial. In addition, a
comparison of the estimated and the enumerated percent age distributions
by use of a model stable age d

tribution (which assumes %,= 802 and
GRR = 3.0 and is based on the Brass African Standard, see Carrier and
Hoberaft 1971) shows that the estimated structures are closer in

pattern and values to the stable than the enumerated distributions.
However, it must be noted that the estimated population percent age

distributions would have been much less irregular had it not been for
other type:

of distortions not dealt with by the present adjusting




Table 2.5(a)

Enumerated and Estimated Male Populations

Age BOTSWANA |  GHANA KENYA LESOTHO | SWAZILAND | TANGANYIKA ZAMBIA
Group | AFRICANS AFRICANS | AFRICANS | AFRICANS AFRICANS
19¢ 1960 1962 1969 1966 1966 1967 1969
Eoum. Estin|Enum. Estim |Foum. Tstim.|Enum. Tstim.|Enum. Estinfbnum. Tstin[Enum. Estim. [Enum. EStim.
10-14 |33084 34137357831 352770] 529168 549686| 714707 712510|61062 61390(24197 24979 [642706 674397 |234473 236967
15-19 [25300 25216275542 289887| 374742 386928| 560152 567362|39788 3908217425 17239 (501411 502439[170760 167458
20-24 [18155 17689268336 264732| 256423 267415 428105 426432| 16451 17700(10463 11775368478 400256 (130603 132918
25-29 (17775 17797|278601 287301|261972 258895/ 349594 348824| 14254 1369612019 10708 [447621 438102[122121 116457
30-3 |13387 13964 242515 243988 213601 224585 280948 287330/ 15187 14520| 8382 9229 (345882 378704112695 119794
35-39 (14428 13252[19823: 195232|190835 190918 252136 242539| 14049 14871{10206 9430{330751 301542114264 105157
40-44 |10239 11936165937 169464| 156625 155125 193936 205001(13044 14106| 5985 7016212477 225119 85010 94998
45-49 |11057 9879 [122756 113015| 140745 134899] 172508 160436{17274 15392| 6131 5044246020 216288| 83146 71396
so-su | 8320 8722| 96775 93912106764 96766 132666 135286[13430 14523 5530 5531 (170481 173517 S8ll0 72922
55-59 | 6787 6353| 59307 61257| 71520 82173 114669 11476910342 10477| 3392 Jsasimms 124870 62067 51109
60-64 | 5755 6070| 63467 60774| 72744 58618 102466 102057| 8164 8440| 2955 2923 (103881 87903 ( 28655 34728
65-69 | 3945 3678| 32377 33013| 39185 41968 74611 69320| 9586 7599| 3431 :%&E 74223 77813 28047 24071
70-74 | 2214 2654| 20796 28740[ 37004 32001) 48363 52307| 3960 4786| 905 1445| 57317 45653| 8483 11413
75-79 | 1837 1533) 16183 15951| 20817 19238] 31837 27993| 2168 2464| 681 454 | 80406 77928 4474 3222

‘€€




Table 2.5(b)

Enumerated and Estimated Female Populations

Age SWANA|
Group  AFRICANS|

osrk
Foua, Estiz)

GHANA

1960

KENYA

1969

LESOTHO

SWAZILAND
AFRICANS
1966

TANGANYIKA
AFRICANS
1967

Enum, Estim.

Enua.

Estiz. | Enum.

Estim.

Estin | Eoun. Est

Eoum,

Estin.

10-14 81803
15-19 25742
20-24 21960
25-29 20705
30-34 15785
35-39 15818
40-44 11462
45-49 EIOSJZ
50-54 | 8131
55-59 | 6501
60-64 | 5580
65-69 | 4227
70-74 | 2680
75-79 | 2368

32976
25607
2139
21118,

16330{245883 243073
14585]179182 176987
UISA;MSS?Z MMG?V
9303/ 95590 88798)

8532
6165
5947

3803| 28581 32416y
3225| 26733 25560)
1997| 14778 14692

|

323460 3063

488206

265534 270240] 379038
322576 321388| 375545

306329 316707

81715 77884
48412 50893
54572 52574

| 341481
| 296867
| 216855
175626
128052
111777
66043
71076
46491
40388
20581

493574459384
386234372936
368159369736
365150/351284
284883265152
218659202726
174193159067
122800 (120782
105356 95388
70277 5116
67497 62505
46026| 32360
39222/ 29513
20024 13907

446342 663808 667604
388792, 544847 546917
Jhb]iof&jamb 453563
358570] 411245 409547

60781 60246|
48544 48953

20274 24124
18496 18433
15405 15573

37237 37428
31404 32064/

266251 299241 305076( 31200 28960

196825| 264819 256347
162102, 201936 210663
113123] 163852 153393
92809] 139072 140896
56508| 102235 1015541
61332 94508 94518
]/DQNI 63307 58933
28890( 45987 49194
12391 27481 23833

23711 26280
20349 21093
23416 21420(
19409 20176/
13480 13787
12061 11871
15877 12365
8072 9625
3894 4831

15339 15209
10151 10401
9726 9095,
6731 7669|
6339 5850
5308 5300

579110
558663
528179
556731
387823
326533
226656
226749
176154

3311 3112100450

272 3384]

3965 3683;
1721 2165
1246 1084

111818
72161
60727

64588

608642
555602
546245
551030
395287
311867
238921
203233
184438
98775
111864
66331
66081
59705
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procedures.

Perhaps a more useful table to examine for our analysis is one

that shows ratios, namely Table 2.7, portrayed by graphs in Figure
2.3, 2.4 and 2.5.

It is important to note that these ratios give an

indication of the impact of age heaping on the age structure and hence
may be used as adjusting factors for the error present in each age group
caused by age heaping. The adjusting factors for the populations of

and 2 (see al

Ghana, Kenya and Tanganyika which have an age heaping pattern of 0, 5, 8

Table

) do show only small transfers across the borders
of age groups. The reason for this observation is largely that in the
enumerated populations the effect of age heaping on digits 0 and 2 (in
g groups 10-14, 20-24,

++.70-74) is almost equally matched by the effect
of heaping on digits 5 and 8 (in age groups 15-19, 25-29,

.75-79).  Also,
s observed earlier, it would have meant marginal differences if these

opulations were not regrouped from the conventional combinations.
Pop: group

Other countries whose ratios are shown in Table 2.7 and Figs.

2.2 to 2.5, exhibit a different pattern of adjusting factor
ficant

It is signi-
that an unbalanced arrangement of age heaping is evident

in the ratios, especially in the case of Botswana and Zambia where the order
of terminal digit preference is 0, 8, 5 and 9; and 9, 7, 5 and 0,
respectively. 1In both of these population
7 and 5 for Zambia and 8,

the age heaping on digits 9,

5 and 9 for Bots

ana which outweighs the heaping

on 0, favours age groups 15-19, 2
10-14, 20-24,

29,.....75-59, at the expense of

70-74. Hence, the ratios for age groups 10-14, 20-24.

70-74 are almost all above unity meaning adjustment for under-statements

of ages,and for 15-19, 25-29.....75-79 are mostly less than unity, indicating
correction for over-statements. In addition, the ratios of these

populations show larger deviations from unity in advanced ages, thus
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Figure 2.4: Ratios of the Estinated to Enuncrated male populations
Zatios of the fstinated to Enuncrated male populatious

ey ;‘:?(—

o O L TR T T TR T
e s T e R = P o e
RGE GRouP




T TR e gy b
i A

- @

- ol W%
iy

303 70 soTaey 1¢°7 2anSiy




-

reflecting bigger age heaping errors in older ages owing to larger

memory lapse problems with older people and worse estimation of ages by
enumerators.

The analysis done in this Chapter is quite revealing. For
instance, the patterns of age heaping yielded by the Myers' method throw
more light on the nature of the age misstatements in African censuses and

surveys. The patterns of age

ecaping discerned by the study of 13
recent censuses in tropical Africa are

")

where completed ages were asked for, the preference was for 0,
then 5 followed by even digits 8, 2, 6 and 4 and lastly odd
digits 9, 7, 3 and 13

where Yates of birth' question was used ages ending in 9 or 6

were heaped on, but in fact digit O and even digits vere heaped on
as years of birth. This is convincing evidence to suggest that
heaping of ages on years of birth is on (a) the multiples of 10,
() multiples of 5, (e) even digite and (d) odd digits,(given
in order of preference).

tion,

correction for age
heaping is easy and seems worthwhile.

Nevertheless, one must treat the results outlined in this chapter,
particularly in the section on correction for age heaping, with great

caution because the basic analytical procedures used have some shortcoming
Firstly, it is not po

ible to devise standard rules of age grouping,

because the var

tion of digit preference with age may make the best
grouping for early and late ages vary. Secondly, the Sprague formula is
inadequate:

(a) if any particular five year age group is seriously distorted by the
coverage error, (b) for the youngest age groups, namely 0-4 and 5-9, and



() because the formula makes the assumption that age distribution

is a linear function of age,which does not take account of the variations
in true age distributions that are very often caused by the occurrence of
different cohorts, past human catastrophies and appreciable migration.
The study took account of (b) by leaving out the two youngest age groups
(0-4 and 5-9). Finally, the digit corrections for age groups are either

fairly small or saw-toothed. However, previous studies (e.g. V.

de valle,
1968) have revealed evidence of age pattern distortions in the same
direction over several age groups. Since correction for digit preference
can not allow for this, a study of other age errors is reported in the

following chapters.




CHAPTER 3

NS OF AGE AND COVERAGE ERRORS

TROPICAL AFRICAN SURVI

Introduction

There are three chief causes of distortions in an age structure.
First, the irregularities that are due to real fluctuations arising from
nd appreciable migrations

variations in birth cohorts, changes in mortality
errors and biases that are created by age mis-state

over time. Second, the
ments of respondents and the organisation of censuses and surveys. Third,

errors in age data that are caused by incompletencss of a census or survey

coverage.

Many attempts at examining, isolating, measuring and adjusting for
the irregularities in age data, in regard to tropical African demographic
inquiries have been made by various scientists, notably Etienne Van de Walle
that some censuses and

(1968) and John Grauman (1973). Van de Walle noted
surveys of tropical Africa held on different dates and in places distant
from one another exhibited similar patterns of errors. Grauman tried to

meeting limited

isolate age errors from the real fluctuations. Thoug!

(originally used

success in his objective, Grauman introduced a useful id

by Harro Bernadelli on Burma's data in 1941) of averaging age distributions

as a method of isolating the distortion in age structure due to real

fluctuations,from that due to age and coverage errors.

In this chapter, the approach which uses 'averages of African age
distributions' is developed further with an objective to (i) distinguish
the effect of age and coverage errors from the real fluctuations; (ii)

discern different patterns of age errors and omissions, and (iii) indicate




the extent of these errors in African age data. We shall describe the
procedure of our analysis, give the results

and discuss them,

The Procedure

Assumptions and Summary of the Steps

Two main assumptions are made. First,

it is assumed that age data
from different censuses and surveys taken at different times in different
parts of tropical Africa are chamaerised by dissimilar patterns of real
fluctuations which cancel out when the average of all censuses’

and
surveys' age distributions is taken. The second assumption is that age
and coverage errors are similar in these different censuses and surveys

in tropical Africa.

Using the two assumptions, we try and investigate how far the
different populations devi

ated in their overall

the averaging process removes most of

in the belief that
the systematic error.

Then the
individual populations should show only erratic

esiduals; but apparently,
the residuals for 43 of the 50 populations used show patterns. It appears
clear that distinct patterns of the residuals in four groups are shown
by 25 populations. The remaining 18 populations

w indications of the
same patterns, but not so clearly. To distinguish as effectively as

possible the nature of the patterns it s

s best to work only with the
more distinct cases. It should be noted that the real fluctuations
confuse the dete

tion of the error patterns of the individu

1 populations
when the deviations from the overall average are exam

ned,

When the four groups had be

established, the group deviations
from the overall average age distribution for all the 25 populations were
measured.

In order to put these patterns on a comparable bas

standardized age distribution is used to express the error patterns in the
different groups.

Finally, the other 18 populations are incorporated to




the extent that seems reasonable into the group pattern system.

Steps of Procedure in detail

a)

Our analysis procedure takes the following steps:
We take 50 demographic and social inquiries of tropical African
countries between 1950 and 1973 (sce Appendix Table 3.1 for the reported
distributions from these inquiries) and calculate an average age

percent distribution of the reported female populations to be called
less

toverall average'. The female data are used because they are
influenced by migration than the males. The calculated 'average
This distribution

percent distribution' is shown in Table 3.1.

should incorporate age and coverage errors common to all the popul=

ations, but not the individual effects.
We then use this overall average distribution as a 'standard' in
ted curves on logit scale to individual age

order to fit estim
distributions. The basic estimating equation to be used (see Brass,

1968) is:

I = asw
where ¥(x) is the logit of the estimated proportions under age X ,
Ys(x) is the logit of the standard proportion under age x , and a
and @ are constants. The curves thus constructed will adjuse for
fertility and mortality differences among populations, but retain

The constants o and § are obtained by

the common error element
fitting a straight line. A systematic and arithmetic method known
as the 'group average' (see Brass, 1971) is used to fit the straight

line. The two equations of the fitting method are:-

Y() = na o+ BI, Ys(x)

Y(x) = na+ B5, Ya(x)

where n is the number of the observations in each group and I, and




Table 3.1

Averages of the reported male and female

age percent distributions of 50 tropical

African surveys

and censuses

Age Reported Overall Averages Stable
Population
Group Males Fenales Distribution
=802; GRR=3.0

0-4 17.31 17.01 17.15

5-9 15.38 14.36 13.86

10-14 11.22 9.72 11.95

15-19 8.39 8.59 10.40

20-24 7.38 9.00 8.92

25-29 7.70 8.92 7.60

30-34 6.48 7.27 6.46

35-39 6.12 6.22 5.47

40-44 4.87 4.82 4.59

45-49 4.31 3.88 3.80

50-54 3.22 2.99 3.07

54-59 2.34 2.08 2.40

60-64 1.88 1.84 1.78

65-69 1.35 1.31 1.22

70+ 2.05 1.99 1.35

TOTAL 100.00 100.00 100.02




49,

over group 1 and group 2, respectively. Y(x) is
In the

I, denote summatiol

2

the logit of the reported proportion of population under age

present study, group 1 covers population under 5 to under 30 and group
The age distributions have been

35 to under 60 years.

2 ranges from under
truncated at age 60 in order to minimize the effect of errors that occur
advanced ages. Solving for a and £ will give

in reporting ages at very
the required straight line.
=) The fitted curves - ¥(x) - are subtracted from the reported
curves - Y(x) - in order to obtain 'logit deviations' for
individual distribution, D(x), ie. D(x) = Y(x)-¥(x).
@ The logit deviations for individual censuses and surveys, D(x),
are graphed against the logit standard, Ys(x). If age and coverage
errors have roughly the same effects in all the populations, D(x)
should show no systematic patterns. In fact, this is not the
case. An inspection of 50 graphs (one for each inquiry) is done
and at least four patterns of the deviations are discernible.
B} In order to examine the four patterns of logit deviations more
the 50 distributions originally

closely, we select 25 out of
considered and put them into four groups by using two criteria:
(i) that the logit deviation, D(x), obtained in (c) are similar
for the populations in each group; and (ii) that by taking an
taverage' age distribution for the populations in a group and

using it as a standard for individual group number distributions

.3 in step (b) for fitting the

3.2 and

by use of equations 3.1,
estimated curves and step (c) for calculating the logit deviations;
the logit deviations so obtained are small on average over the
age range. Although we must allow for the part of the logit
deviations due to real fluctuations and for the approximate

the smaller the absolute

nature of our assumptions, in general
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logit deviations (in relation to the standard, ie. the group average),
the more clustered is the group. Table 3.2 shows the average absolute
logit deviations for each group. The deviations are very small, espec-

ages' by sex

The resulting 'group ave

ially in the middle age groups.

are shown in Table 3.3

£ A 'conditional overall average percentage distribution' of the
25 censuses and surveys selected in (e) is calculated and shown
in Table 3.3.

8 Using the equations 3.1, 3.2 and 3.3 in step (b) for fitting
estimated curves and step (c) for computing logit deviations, we
use the 'conditional overall average' distribution as a standard
for each of the group average distributions' in order to derive
'group logit deviations'. The group logit deviations, D(x), are
shown in Table 3.4 and plotted on a graph in Fig. 3.1. These
group logit deviations represent the errors which have common

features of difference from the overall ones,reducing the real
fluctuations in individual populations.
) Next, we calculate 'overall logit deviations'. To do this we

first select a standard age distribution from stable populations

whose patterns and levels of mortality and fertility resemble

those of African populations. We can select the standard from the

existing systems of stable populations, the two best known being:
Carrier and Hobcraft (1971) and Coale-Demeny (1966) stable models.
The Coale-Demeny stable population models are based on four life-

table families, cach representing a single region of mainly European

populations (East, North, South and West). This system has been used

vely in the analysis of incomplete age data from developing countries,

exten
but it has the disadvantage of being based on an inflexible one-parameter
life-table model and may not be suitable for African data owing tothe lack of

representation of African population in the system, We prefer to use




Average age distributions of each group of surveys and the conditional

Overall average by sex.

SRS o B R o
Group F M F .| F M : M : N
0-4 17.87 18.20 16.46 17.60 15.99 17.23 16.97 16.28 17.07
5-9 14.84 16.38 13.42 15.21 15.28 16.92 13.80 13.61 14.47
10-14 8.43 10.55 7.87 9.86 12.38 14.07 10.60 11.06 9,57
15-19 7.59 7.3% 7.15 9.92 10.20 3.87 9.16 8.18
20-24 9.12 7.24 8.67 6.78 8.08 6.45 B8.90 8.4 8.72
25-29 9.81 7.8 9.17 7.59 7.27 6.00 8.24 8.62 8.8
30-34 7.66 6.51 7.86 6.55 5.70 4.86 6.83 6.73 7.16
35-39 6.53 6.32 7.72 6.85 5.13 4.87 5.87 5.88 6.37
40-44 4.96 4.8 5.72 5.62 3.9 3.69 4.5 4.55 4.84 71
45-49 3.81 4.23 4.8 5.3 3.80 3.91 3.55 3.96 3.98 4.33
50-54 2,74 2,93 3.32 3.5 3.06 3.12 3.02 3.04 2,98 3.12
55-59 1.83 2,19 2.63 2.76 2.2 2.39 2.16 226 2,14 2.36
60-64 1.83 1.77 2.03 2.11 2.00 2.01 2.10 2.06 1.97 1.95
65-69 1.26 1.33 1.39 1,39 1.98 1.85 1.51 1.47 1.42 1.48
70+ 1.98 2,02 1.54 1.62 3.24 2.43 3.03 2.91 2.25 2.18
TOTAL 99.99 100.00 100.00 99.99 99.99 100.00 100.01 100.03 100.00 99.99

‘28
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the Carrier-Hobcraft stable models because they are based on the more

flexible Brass one-parameter model life tables which approximate the
African mortality experience. The stable age distribution (see Table
is from level 40 and

3.1) chosen from the Carrier-Hobcraft tables

corresponds to L, = 802 and G.R.R.=3.0.

As can be seen from Fig. 3.2, which shows logit differences

(defined as the difference between the logits of the reported and the

standard distributions), the stable population distribution is close to

50 female and male populations. It

the overall average distribution of
would have been possible by the use of stable populations based on two-
parameter model life tables to fit the 'conditional overall average'

even more closely. However, an exact fit to the level and shape of

stable population is not required, but only a standard of the right

order. It should be noted that the averagesdepend arbitrarily on which

s from the original

populations are selected. Slightly different cho
50 populations for inclusion in the 25 which were to specify the patterns

would have resulted in a different average.

By using the selected stable population as standard for 'conditional

of the four

overall average distribution' (ie. the arithmeti
group average distributions), we fit estimated logit curves by use of

equations 3.1, 3.2 and 3.3 and hence calculate the logit deviations, &s
in step (c), The calculated logit deviations are to be called 'overall
logit deviations' denoted as D_(x), and are shown in Table 3.5 and Fig.
3.3. These overall logit deviations are taken to represent average

1 fluctuations of individual

error patterns with minimal element of re

ause most of the latter are assumed to cancel out in

populations be

the averaging process. It would be expected that the real fluctuations

conditional overall average distribution' would be smoothed

of the
to a greater extent than the real fluctuations of the 'group average
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TABLE 3.5

Overall Logit Deviations, D (x)

Up to
Age Males Females
5 .033 -.026
10 -.033 -.050
15 -.030 -.006
20 -.003 033
25 .020 .036
10 013 Lo13
35 .016 001
40 -.001 -.019
45 -.002 -.021
50 -.019 .020
ss -.on .00t
60 .o17 .057
65 .049 .100
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distributions’ since the former are related to a fixed underlying age
structure, ie. of stable population, while the latter are related to an
unknown underlying age structure, ie. of the conditional overall average
distribution; and also the former undergo an averaging process over a

larger nuaber of populations.

i) To arrive at 'total logit deviations', to be denoted as Dy(x),
for each group, we add the overall to the group logit deviations,
that is, in algebraic notations, Dy(x) = D_()+D (x). The total
logit deviations for females can be seen in table nd Fig.3

N

Because the graph in Fig. 3.2 sho

logit differences for males
and females which are very close in pattern and size, the same
stable population was used as a standa

d for both males and females,

% We use the already selected 25 surveys in the

four groups
for female as for male population:

The steps in (g), (h) and (i)
are rep:

ated for males. The results - 'group’,'overall' and
"total' logit deviat

ns - are shown in Tables 3

, 3.5 and 3.6
respectively.

1 In order to s

rive at ostimates of the extent of age and coverage
errors, we convert the 'total' logit deviations calculated in (i)

and (j) into natural tei

s as follows:

(1) take the already chosen model stable population, namely,

consistent with

802 and G.R.R.= 3.0

, from the Carrier-Hobcraft
two-parameter tables;

i)

add the 'total logit deviations', Dy(x), of each group of inquiries

computed in (i) and (k) to the logits of the model distribution;

convert the result of (ii) back to matural numbers and obtain
the 'modified' age distribution of each group of surveys. The
'modified' age distribution of each group are shown in Appendix,
Table 3.2




TABLE 3.6:

60.

The Four Patterns of the Total Logit Deviations, DG
e Maai | il e ) !

Up to
Age

20

Up to

Age
10
15
20

GROU)
M

+.007
-.056
-.033
+.013
+.039
+.030
+.027

+.014

-.007

GROU
]

+.155
+.028

-.04

-.065

P 1
¥

+.061
+.064
+.027
+.008
-.017
-.028
-.028
-.003
+.068

P 3
13

+.060 +.046

+.037 +.011
+.021

27

-.010

069 -.006
GROUP 4
N |4

+.015 +.010
-.016
-.003
+.015
+.007
-.012
-.024
-.036
-.032
-.013 -.011
+.014 +.018
+.071 +.086
25




(iv) calculate ratios of the 'modified’ to the stable percentage

6)

These ratios (shown in Table 3.9 and Fig.

distribution.

give an indication of the extent of age and coverage errors.

s of the remaining 25 censuses and surveys.

Grouping distributi

(sect. 3.2.2(e)) only 25 out of 50 populations have

As seen abo

been classified into four error patterns. Although the other 25 populac

tions are mot closely clustered, with one of the above group average

distributions, most of them display fairly similar patterns of errors to

those in the four groups. To find out how to classify these populations

into the four groups we use two bases:

) We fit a stable population distribution as a standard for

individual distributions using equations3.1, 3.2 and 3.3. For

the same reasons as already noted, ve use the stable distribution

It will be seen that the patterns

in the last column of Table 3,
of the logit deviations of 18 out of the 25 populations are
similar to those in the four groups defined above. As already
noted, the similarity of patterns of logit deviarions indicates
similarity in the patterns of errors. This similarity between
the patterns of 'individual' logit deviations and the 'total®
logit deviations, D (x), in each survey group is displayed in

the Appendix Tables 3.3(a) £o (d). Also shown are the seven surveys

unclassifiable with the four groups in Appendix Table 3.4,

ions displaying patterns

(i) Then, ve take the averages of the popula

of logit deviations similar to those exhibited by the total logic

deviations (see Appendix Tables 3.3(a) to 3.3(d)). The stable

population distribution in Table 3.1 fa used as a standard to £ic

these averages of the female populations by the logit method using

The resulting logit deviations (the

equations 3.1, 3.2 and 3.3,

logit average minus the logit fitted distributions) are denoted




62,

The D, (x) are compared with the

as D,(x) and shown in Table

total logit deviations, Dy (x), (see Sect.3.2.2.(i)) for each
8roup by plotting them against the logit standard (see second column
Table 3.7) on graphs in Fig.3.4. It will be seen from Table 3.7
and Fig. 3.4 that the shapes of the curves of D,(x) and the
broadly similar.

deviations, Dy(x), are

corresponding total logit

and D;(x) in the graphs are close in the

The points of D, (x) a
middle but they tend to diverge in the old and very young ages,
implying that the former deviations are less distinctly of the
same pattern in every age group as the latter deviations.

be real, but there is clearly scope

discrepancy may

Some of the
for some individual variation in error even within the same general

framework.

On the criteria discussed above, the 18 populations are classified

2 in group 3 and 7 in group

5 in group 1, 4 in group 2

Appendix Tables 3.3(a) to 3.3(d). Therefore, of the 50 populations

originally considered, 43 are classified in the 4 groups as follows:-
Group 1. 15 populations, namely Angola 1950 and 1960, Dahomey 1961,

Ethipia 1965, Ghana 1960, Guinea 1955, Guinea Bissau 1950, Ivory Coast

1957-8 (first survey), Mozambique 1950 and 1960, Semegal 1960-61,

Spanish Sahara 1967, Togo 1958-60, Zaire 1955-57, and Zambia 196

tions, namely Chad 1963-64, West Cameroon 196465,

Group 2. 9 popul
Central African Republic
1957-58 (second survey), Mali 1960-61, Uganda 1959 and Upper Volta 1960-61;

1957-60, Congo 1960-61, Gabon 1961, Ivory Coast
Group 3. 7 populations, namely Botswana 1964 and 1971, Central African

Republic 1966, Kenya 1969, Lesotho 1966, South African Bantu 1951 and

Swaziland 1966;
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Croup 4. 12 populations, namely Gambia 1973, Ghana 1970, Kenya 1962,
Liberia 1962 and 1971, Malawi 1966, Namibia 1951 and 1961, Niger 1959-60,
Nigeria 1963, Sicrra Leone 1963 and Uganda 1969,

The 7 populations that are not classified are: Burundi 1965,
Madagascar 1966, Malawi 1971-72, Mauritania 1964-65, Rhodesia Africans
1969, Rwanda 1970 and Tanganyika 1967,

Defining Patterns of Age and Coverage Errors

The above procedure was a process of standardization to put age

and coverage errors on a comparable basis with a fixed underlying age

underlying

ating the errors to the existing

structure because rel age

distributions vould have made a comparison difficult. Table 3.4 and

Fig. 3.1 show four defined patterns of 'group' logit deviations obtained
by the use of the 'conditional overall' average as a standard for 'group'

(x), represent error structures

averages. The 'group' logit deviations, D
which reflect small distortions due to differences of real fluctuations

betveen intra-group populations: but substantial distortions due to imter-

8roup differences of real fluctuations still remain. The use of the

‘conditional overall' average which is free from distortions due to most

of the inter-group differences of real fluctuations and related to a fixed

8ge structure, generates 'overall' logit deviations, D_(x), shown in

Table 3.5 and Fig. 3.3. The overall logit deviations reflect error

structures that are free from distortions due to most of the differences in

real fluctuations indicated in individual and logit deviations. Thus, the

overall error structure shown in Table 3.5 represents a component of errors

that are common in the four error patterns. What the overall error

structure cannot show are the inter-group differences in the four error
logit deviations,

patterns. Therefore, the sum of the 'group' and 'overall'

de. DG(x)+D,(x), defined as 'total' logit deviations, Di(x), indicates an
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error structure for each group of censuses and surveys, by sex, which

reflects the inter-group error differences and common features and minimal
effects due to differences in real fluctuations between the group averages.
As can be seen from Table 3.0 and Fig.3.5, the 'total’ logit
deviations, Dy (x) into 4 patterns. Ea e 4 p s repre=
cover s
and/ That the 'total' logit deviations

Tepresent genuine and clear patterns of age and coverage errors is shown

ions. logit

by the high consistency of three sets of logit devis

deviations for individual populations of each group of censuses and surveys

(see Tables 3.8 (a) to 3.5 (d) and Appendix Table 3.3(a) to 3.3(d)) follow
the same pattern. These logit deviations were obtained by use of
conditional overall average as a standard for individual distributions.
The same standard for individual distributions is used for the group

¢ in pattern to

average and the resultant group logit deviations are simil
the logit deviations of individual populations of the same group (see
Tables 3.5 (a) to 3.3 (d)), as well as to the total logit deviations (see
Tables 3.4 and 3.6). Furthermore, as expected, patterns of individual,
8roup, overall, 'total' logit deviations derived from the male populations
agree very closely with the logit deviations obtained from the female
Populations. This high consistency of the three types of logit deviations
of the same group and also of the results from sexes is very powerful
evidence to suggest that the patterns of errors are clear and therefore

cannot be regarded as dividing out a continuum where less clear structures

would result.

However, it is possible that due to random scaling and timing errors,
the patterns discerned are a part of a range of errors. For instance, if

a census were held for three months, say, from the first of July to the

thirtieth of September 1973, those born after the lst. July 1943 would
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TABLE 3.8(a): Patterns of logit deviations for each survey in Group 1
Vades ANGO! DAHOMEY ETHIOPTA GHANA GUINEA
e 195¢ 1960 1961 1965 1960 1955

F M ¥ M ¥ M F M

5 -.066 -.019 .030 -.047 .008 -,032 -.059 =-.060 .010

10 -.017 -.025 -.024 -.042 -.018 -.002 -.012 =-.032 -.028
15 017  .005 -.021 -.007 -.011 .0l10 .0l4
20 .032  .027 -.004 .020 -.011 .022 .026
25 .022 .013 .0l0 .038 .01l .019
30 .013  .000 .008 .038 .02 -o11
35 .004 -.003 .013 010 .005 -.010
40 .002 -.002 =-.003 .027  .000 -.008
45 .003 -.014 .008 .002 -.018 -.012 =-.022 -.023
50 -.007 -.008 .006 -.001 .027 .022 .005 =-.002
55 -.021 .002 .013 .003 -.047 -.006 .009 .00l
60 -.024 .018 -.022 .001 -.009 045  .042
65 -.049 .054 -.089 .005 -.018 - -~ .054 .02

MOZAMBIQUE NEGAL T GROUP 1
1950 1960 1960/61 1958-60 DG (x)
¥ F ¥ M

5 -.065 -.078 -.057 -.059 -.041 -.029 -.048 .025 -.046 -.026
10 -.029 -.020 -.035 -.028 -.025 -.041 =-,055 =-.054 =.029 =-.024
15 -.020 -.019 -.020 -.015 .026 -.001 .015 =-.012 .005 -.002
20 .02 .025 .031 ,032 .026 .024 .05 .Ol4 .028 .06
25 .038  .041 .035 .023 .028 .039 .02l .027 .019
30 .054  .039 ,035 -.009 .019 -.007 .006 .015 .0l6
35 .050 .039 .032 -.012 .004 -.001 .009 .006 .Oll
4“0 .031 .03 .026 -.012 .007 -,007 =.005 .002 .05
45 -.010 .011 .015 .,004 .0l4 .006 -.003 =.007 =.005
50 -.028 -.054 -.012 -,008 .00l .007 -.009 -.012 =-.008 -.009
55 -.014 -.035 -.022 24 .008  -.001 .002 =.005 =-.004 =.007
60 .005 .017 -.046 -.041 .01l -.,031 .009 .0l16 .OLL =-.005
-.103 -.011 -.030 -.023 .04l -.042 .046 .049 .01l .002




TABLE

3.8

CHAI

1959 1960/61 DG (x)
15 +015 .007 .004 -.005




TABLE 3.8(c): Patterns of logit deviations for each survey in Group 3

Age 1966 1966 DL(X)
5 <126 .077 134 .122
50 o017 .017 .013 ,022 .012 .016

65 .057 -.028 .103 .015 .060 .018




TABLE 3.8 (d): Patterns

of logit deviations for each

h_surve;

in Group

e KENYA MALAWI NAMIBIA
Yo 1962 1966 S108
¥ M ¥ M ¥ 1
019 .06l .014 .031 .035 -.1
031 .051 .024 .032 .042
15 004 019 -.010  .104
20 -.010 -.024 -.023  .092
25 -.019 -.032 -.028 -.016
%0 -.025 -.016 -.096
35 -.020 -.113
40 -.019 -.077
4 1009 .026  .011 -.021 -.053
50 004 -.008 .003 .012 .026
55 005 .009 .000 .013 .021 .078
60 1060 .041 =024 .005 .027 .139
65 060 .043  .015 .03 .06 .167
Under  NAMIBIA UGANDA GROUP 4
1 196 69 DG (x)
¥ N F N ¥ M
s 037 -.049 .038 .03 -.017
10 002 .026 .03 024
15 .01l -.004 002 .024
20 L0164 -.021 -.018 009
25 014 -.019 -.030 -.011
30 008 -.020 -.02
35 -.010 -.022 -.025
w0 -.019 -.005 -.018 -.029
4s -.028 002 -.011 =019
50 -.013  .020 .013 .009 .006
55 017 -.005  .014 016 .025
60 052,010 .045 .029 .053
65 070 107 -.010 .053 .043 .077




be recorded as below 30 years; but owing to cavelessness, forgetting or
misunderstanding of instructions, some enumerators might record age 30
for those born between July and September 1943 while

other enumerators would
record age 29 in accord with instructions. This timing error would not

have happened had the Census been on one night only. Furthermore, the
timing error causes scaling error because thes

el

o two groups of people are
ified under two age groups - 25-29 and 30-34 - and
different age groups which have arithmetic means that

apart.

thus analysed in

are five years
Supposing, further, that in two countries censuses were held at
the same time for three months, and enumerators in one country followed
the given instructions and in the other ignored them

we would find an
upward bias in age group 30-34 in the former country and a downward bias

in the 25-29 group latter country.

the However, the effects of such
erratic errors tend to cancel out given the whole country's population.
For example, if for the above argume

, age group 25-29 loses population
to 30-34 group, the decreases in
of age 20-

the former would be made good by the losses
For the

same reason

, the 30-34 group would lose to
age group 35-39 much of what it gained from the 25-29 group. Besides, this
compensation of timing and scaling errors becomes more complete in the

process of averaging m

y populations enumerated in censuses and surveys

of varying length and different dates.

In order to define the error patterns, it is necessary to express
the total logit deviations in natural terms.

Thus

, Table 3.0
have been converted

nd Fig.3.5
into Table 3.9 and Fig.3.6, respectively. Table 3.9
and Fig. 3.6 show ratios of 'modified' to stable distributions. These
ratios indicate the extent of age and coverage errors in matural terms,
despite the fact that the 'total' logit deviations (in Fig.3.5) portray
the error patterns more distinctly than the ratios.

As can be seen from
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Table 3.9 and Fig. 3.6, the four patterns of age and coverage errors

for both sexes in tropical African censuses and surveys may be expressed

s follow

(1) survey group with error pattern 1 shows excess proportions in child-
hood ages 0-10, middle ages 20 to 50 and very advanced ages above

(20-25) au

65; plus deficits in the teens, 10-19, carly twenties

old ages (50-65);
(2)  survey group with error pattern 2 displays surplus proportions at
ages below 10 and between 25 and 45 years; and deficiencies in teens
(10-20), early twenties (20-25) and above 55 years old;

(3)  survey group with error pattern 3 exhibits an exaggeration of

proportions between ages 5 and 20 and in advanced ages above 65;

and deficits at infancy and early childhood ages (0-5) and from

20-65 years;
(4)  survey group of error pattern 4 indicates surpluses in the 5-10, 25-40
age spans and above age 65 years; and deficiencies at very young ages

ddle ages and early old ages (40-65).

of 0-5, late teens (15-19), late

Features of the Error Patterns

A comparison of these four patterns of age and coverage errors

shovs common features worth mentioning. First, Fig.3.6 clearly shows

that the ratios of the 'modified' to the stable distributions for males

are very close to those of the females in each of the four error patterns,

the ages of males

especially in pattern 4, This closeness indicates tha

and females in the same survey were recorded in similar ways. This result

strenghens the belief held by many demographers with experience of African

data that there is scanty evidence to suggest marked sex differentials of
age and coverage error patterns in the same African population. However,
it seems certain that the sizes of the errors vary with sex. For example,
it can be seen from Fig. 3.6 that bigger errors are shown for females

than for males in almost all age groups in survey groupsl and 2 and




after age 35 in the survey group 3.
The second feature common to almost all the error patterns is the
xception of error pattern

ith the

exaggeration of ages at advanced ages.
excess proportions of population at age

2, all the ratio curves exhibit
This common finding is hardly surprising in view of the

65 and abov
It is known that

important status of old people in many African societies.
many people, especially men, deliberately overstate their ages in order to
be more important in their societies. Perhaps, another cause of surplus

since many people in tropical

proportions in advanced age groups is
would

fairly early ages, census tak

d-parents at
was used by

Africa become g

over-estimate their ages if grand-parenthood, like parity,
It is also possible that the

a basis of estimating ages.

enumerators as
ants just look older to the better educated enumerators.

poor illiterate pe.
Another significant feature of the patterns of age and coverage errors
shown in Fig. 3.6 is the broad similarity between the early part of error
that ages 10-20 were avoided in

patterns 1 and 2. Both patterns indicate
favour of lower and higher ages. The ratio curves for both error patterns
These excesses are

display big excesses of proportions
probably due to basing the estimation of ages on the marital status and
rather than true,

parity of respondents. Because some kind of
age of marriage exists in the minds of interviewers and enumerators, there
is a tendency to assign higher ages to married people than they possess.
In addition, in many African censuses and surveys, enumerators and
5 on the parity of women and tend

interviewers base their estimation of ag
ldren as older than they actually are.

to represent women with many ch
Hovever, it must be mentioned that these two error patterns differ distinctly
in the late middle and old ages (45 and above). Whilst ages 45 to 50

and 65 and above show excess proportions in error pattern 1,the same age

spans display deficits in error pattern 2.




A striking contrast to what has been noted about error patterns

1 and 2 is noticeable in error pattern 3. As can be seen from Table 3.9
1 and 2, error pattern 3 exhibits

and Fig.3.0, unlike error patterns
nts and young children ages (0-5) and of the middle ages

deficits of inf
cely

25 to 45. The deficiencies observed in age group O-4 are sc
unexpected in tropical African conditions where taboos about reporting

and where infants may

and counting infants and young children still exis
not be regarded as part of the population. The deficits shown in ages
20 to 45 are quite unexpected, though it may be mentioned that part of the

deficits probably emanated from the use of historical event calendars in

these surveys. A more plausible cause of the deficits is that during the
censuses of Botswana, Lesotho and Swaziland, a large fraction of people in the

working age groups vas away from their homes working in South Africa.
These people's ages were recorded through their families who most likely
did not know their actual ages, and hence crude guesses were recorded. It
is also probable that families refused to report the relatives who went to
work in South Africa illegally, for fear of government prosecution, thus
ration of these age groups. The avoidance of ages

causing under-enu
20 to 65 appears from Fig. 3.6 to be largely responsible for creating
a bulge of population aged 5 to 20 and for some of the overstatements of

ages in favour of 65 and above.

The curves of the fourth error pattern share some common features

with the curves of patterns 1 and 2, as already noted, but there are features
which make the former curves distinct from the latter curves. It can be

that although the bulge of pattern 4 curves starts at

seen from Fig. 3.6
it disappears sooner,

the same age (15) as that of patterns 1 and 2 curves,
namely after age 25 compared with age 35 for pattern 1 and age 45 for
Also to be noted is that the bump of the curves of pattern &

pattern 2,
part of the bump of the

30 to 50) occurs at the

(from ag




pattern 3 curves

In addition, the fourth error pattern is unlike the rest of the
patterns in that it shows small errors on average in association with

s in Fig. 3.6

ratio curv

its particular forn. This is evident from the

which are not sharp or do not vary a lot from the unity line. The lack

of sharpness and the closeness to unity of the ratio curves in error

pattern 4 reflects the closeness of 'total' logit deviatioms, D (x), to

6) and hence indicate that the 'modified'

zero (as can be seen from Table

oth and close

2) of survey group & is

age structure (see Appendix Table
to a stable age distribution. The probable reasons for the small errors

ping saw-tooth effect on the total error is small and

are that the age h
that most of the other errors in the reported age distributions cancel out.

1 errors do not necessarily

It may further be observed that although the sma
mean few age misstatements, they suggest that the reported age structure
of the survey group 4 was less distorted than those of other groups. This
observation will become clear later when an illustrative example drawn from

Further to that which has been noted about the four pattern errors,

three general remarks are relevant. The first comment relates to the

reassuming evidence about the existence of the patterns of age and average
that where two censuses were held in a single country, the tendency is

errors

me group of error pattern. The

for these two censuses to fall in the

ambique in 1950 and 1960 show errors of pattern

censuses of Angola and oz
censuses of pattern 3 and Namibia 1951 and 1960

1, Botswana 1964 and 1971

censuses belong to pattern 4. This feature of constant error pattern in
two successive censuses in a single country has been found elsevhere in the
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developing countries, namely in Turkey by Demeny and Shorter (1968) and in
However, the 1969 censuses of Kenya and Uganda

Burma by Bernadelli (1941).
had different error patterns from the earlier censuses of 1959 and 19
in coverage and questionnaires. It is known

Pprobably because of variation
that the Kenyan 1962 census did not cover the North-Eastern part (about a
f£ifth in area) of the country due to the boundary disputes that were going
on at the time of the census, and the questions on age asked in the Ugandan
1959 census were different from those used in 1969,
of the error

remark to be made on the features
one pattern and the way in

Another general
patterns is the relation between the errors of
which the surveys of the group were organized. The patterns of errors
due to age misstatements and omissions show that the survey groups are

group 1

dominated by inquiries conducted under the same supervision or organization.

Eleven out of fifteen surveys (original and those added later) i
able 3.8(a) and

were organised by either the French or Portuguese (see

Appendix Table 3.3(a)). In the original group 2 (displayed in Table

38(8)), all the surveys, except Uganda 1959 census, were French supervised.
the supervision and organisation

The overlap of the French dominance ir
of surveys in groups 1 and 2 may explain the similarity of error patterns

iddle ages, as already observed,
oriented

in the young and early
Furthernore, all the censuses of the original group 3 were British
and under one overall adviser, Dr. Blacker. In addition, out of the twelve
censuses and surveys of group 4, mine were British, two South African and
It seems certain that the different

only one was French administered.

tactics, methods and instructions used by different organisers in tropical
Africa created wide variations in the way in which people responded to
questions on ages among questions on demographic aspects. For instance,

in the Portuguese areas and Namibia, the enumeration was done on the basis

of assemilies; the French carried out national sample surveys using




interviewers, while the British conducted censuses using enumerators.

Lastly, it is pertinent to note

at there is hardly evidence in

our results to suggest that the size

error depends on age. It has

been noted elsewhere (e.s.Demeny-Shorter study of

urkish data, 1968) that

owing to a bigger problem of memory lapse

illiteracy in older people,
bigger missta

ements are detected in older ages in developing countries.
This feature of age errors has been found to exist in African censuses in

Tespect of an age heaping problem (see Chapter 2). However, as ca

be
seen from Tables 3.6 and 3.9 and Figs.

5and 3.6, the error patterns do

not display this phenomenon. Although the errors in ages 10 to 60 are bigger
than those in younger ages O to 10, there is scarcely evidence to suggest
progressively bigger errors within the 10 - 60 age period. In fact the
errors in ages 10-60 are even bigger than those above age 60. The reason

for the lack of a clear tr

is probably that age heaping errors have

cancelled out as a result of averaging process mainly because the

patterns of age heaping in individual African censuses vary, as already

has been discussed in the previous chapter.

Illustrative Example

It is relevant a

this juncture

to show how these patterns of errors

may be u

d to adj

€ an age structure of an African survey or census. We

suggest the following procedur

first, by use of the logit transformation

and the 'conditional

overall average' (sec Table

3 as a standard, a curve

is fitted to the reported age distribution of the survey or census using

equations 3.

3.2 and 3.3. Secondly, the resulting logit deviations

(calculated by subtracting the logit fitted from the logit reported) are
compared with the four model sets of total logit deviations, Dy(x), shown

in Table 3.6. The model set that is closest in pattern to the former logit

deviations is selected as the appropriate model error pattern to be used




o correct the reported age structure. Thirdly, before we use the model

total logit deviations to correct the reported age distribution of the

ary to allow for the difference in the size

survey or census, it is neces:

of the error as reflected in the logit deviations of individual surveys

from that reflected in the selected total logit deviations. To do this,

we scale up or down the model total logit deviations to give the s
average as the logit deviations of the individual survey. The 'scaled'
total logit deviations are added to the logit standard (ie. the second column

of Table 3.%) and the resultant sum is converted back to percentage

distribution. This distribution is then divided by the standard distribution

(the stable distribution seen in Table 3.1) to give ratios that reflect

the pattern of error of the concerned group of surveys, ie. they have a

similar shape to the respective ratios in Table 3.9 but differ in level
the ratios which

because of the error size correction. Finally, we use

have been corrected for the size of the error to adjust the reported age

percent distribution.

Taking Uganda female age data from the 1969 census as an example, we

f£ind that from the patterns of logit deviations in Table 3.5(d), the census
Y

was characterised by an age and coverage error pattern very similar to surve

ratios of pattern & to

Broup 4 in Table 3.6. Hence we shall use correct
adjust the reported age structure of Uganda's 1969 census (as may be seen

in Table 3.10) by dividing the ratios into the corresponding percentages

of the age structure. Column 3 displays the results of column 1 divided

by column 2. Since the estimated percentages in column 3 do not add up to

100.00, they are scaled up to do so in the final estimate in column 4.
The next question is to examine whether column 4 of Table 3.10 is
a plausible estimate of the true age percent distribution of Uganda females

ry to indicate whether the estimated age

in 1969. To do this, it is neces
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distribution reflects plausible trends of past fertility, mortality and

migration of Uganda. The estimated proportions in age groups up to age
20 reflect high and increasing fertility of Uganda females twenty years
between

is satisfying to note that there is an agreement

prior to 1969. It
this observation on the estimated age structure and estimates of fertility

reported in other studies. For instance, the total fertility of the Uganda

Africans was estimated by use of the Brass P,# ratio method to have increased

from 5.8 in 1959 to 6.8 in 1969 (see Ntozi, 1973, p.75).

sured on the plausbility of our estimates by

In addition we are re

the consistency of the estimated age distribution with the events of

Uganda's demographic history between 1945 and 1969, The estimated age

structure mirrors evidence that there were no major catastrophies like wars,

e the trend of mortality and fer-

epidemics or famines to adversely influe
tility of Uganda from 1948 to 1969 on a national scale. In fact, during
this period, Uganda is known to have enjoyed a period of economic

prosperity with a boom of prices of coffce - the mainstay of Uganda's

economy - during and after the Korean war and political stability. Though

there was a short period of migration of political refugees to Uganda from
Rwanda and Zaire, this seems not to have had a marked impact on the age

tribution, perhaps because the refugees were in families of all age

a

groups, rather than individual migrants of selected ages as in labour

migrations.

The estimated age structure of Uganda does not show any indication

of a baby boom shortly after the second war or a marked deficit in the

cohorts born in the war probably because the war was too far away to be felt

by the bulk of the population of Uganda. Furthermore, a smooth trend of
gradual declining sizes of proportions of female population in older groups

is noticeable above age 30, perhaps implying the lack of major incidents
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of demographic interest between 1905 and 1940. Famines, epidemics and
civil wars are known to have occurred in different areas of Uganda at
different times between 1900 and

1940, but no major national demographic
episodes are known during this period. However, it must be said that the
available information on the demographic history of Uganda before 1940

is scanty and shaky and it can not be taken as conclusive evidence that
the estimates of

our example are very near the truth.

How valid are the assumptions?

The four patterns of age and coverage errors were

obtained under two
sumptions .

The first assumption made is that re

1 fluctuations
(fertility, mortality and migration) were dissimilar in different censuses
and surveys. It is not possible to know the actual long term trends of
fertility, mortality and migration of tropical African countri

s because
of the lack of vital registration systems in the region. However, it is
likely that for various reasons, such as wide differences in dates and places

of censuses and surveys, trends of fertility, mortality and m:

gration were
different and sometimes in opposite directions in differemt couwntries. Thus,
it is plausible that by averaging age distributions of different surveys

most of the irregularities created by the fluctuations cancel out despite

possible consistent and mon-cancelling effects due to migra

n and the
eporting of migrants

The second assumption is that age and coverage errors are similar in
different surveys in tropical Africa. The study of digit preferences in
reporting ages in 13 tropical African censuses reported in the previous

chapter has shown that several censuses have in common similar patterns of

this type of age errors. Besides,research in age data of Burma and

Turkey, countries with defective data comparable to the African experience,

has found age errors of successive censuses constant. Therefore, whereas




umption may not be valid for all the censuses and surveys in

under the

this a

tropical Africa, it is plausible to categorize these survey

above four patterns of errors for reasons already given in this chapter.

An advantage of our procedure is that it does not depend on stable

ace no one knows

population theory to derive the four error patterns, s

1 Africa has had constant fertility and mortality in the

whether tropic
past. Instead, we do know that migration has been appreciable in many
areas of Africa (stable population theory assumes nil migration), and

research has so far indicated that mortality has tended to declinme in
Also, less

t due to better medical and sanitary facilities.

the recent pa
certain evidence from past sudies points to possible increases in fertility

levels in tropical Africa.

Conclusion:
By the use of a standardization process involving averages of age

distributions from different censuses and surveys of tropical Africa and
by the expression of these age distributions in terns of logits, the
present work shows that there are at leust four patterns of logit deviations.
Investigations made into these logit deviations strongly suggest that they

represent true age and coverage error patterns rather than being a part

of a random continuum of misreporting. In addition, it has been found that

these patterns are common in censuses and surveys which used similar

collection procedures. This finding suggests a strong and varied influence

of census and survey organisation in the structure of age and coverage

errors in tropical Africa. Furthermore, our analysis has produced

convincing evidence to indicate that the patterns of the errors in male
and female populations in the same surveys or censuses are similar. This

result suggests a similar age misstatement and misrecording of errors in




both sexes. The question of sex differential age misreporting is examined

more closely in the next chapter.
However, it must be pointed out that in broad terms groups 1, 2

and 4 are similar in pattern except in old age. Thus, a general description

of the age and coverage errors in tropical Africa might be given as follows:

(i)  Under-enumeration of the very young ages,

(ii) understatement of the teens,

(iii) overstatement of the twenties, and

(iv) exaggeration of the old ag

This is in conformity with the idea that there is an African pattern of error

s discussed by Van de Walle (1968). In fact, we have demonstrated that

this &

ilarity conceals differences.




CHAPTER FOUR

SEX DIFFERENTIAL ERRORS IN AGE REPORTING

4.1 Introduction
al

Age and coverage errors which occurred in most of the nati

ades have

demographic inquiries of tropical Africa in the last three de
analysis of the

been categorised into several distinct patterns by the

previous chapters. Another aspect of age and coverage errors in tropical
Africa that deserves to be studied is the sex differential in the errors.
Various demographic studies have suggested that there might exist differences
in the way male and female age misreporting operates. For instance, it has

been noted that in some age groups males tend to report higher ages than
The methods employed

£ , while in other age groups the opposite holds.

in the two previous chapters have been used to examine the sex differences

le:

also possible to devise approaches which are based on
m

However, it i

other ideas and data, largely independent of the earlier method

this chapter, a technique is presented based on the use of orphanhood

data (see Brass and Hill, 1973) and applied in various ways.

hood Data

4.2 Orpl

Recently, efforts by R. Clairin in the French speaking Africa

and J. Blacker in English speaking Africa, have yielded data on orphanhood

from at least eight African countries. Because the questions asked in the

censuses and surveys - "Is your father alive?" and "Is your mother alive?",

were straightforvard and required only simple ansvers - "No", "Yes", or

"Don't know", the observations are considered to be fairly reliable.
However, an examination of the proportions of children reporting their parents
alive reveals quite substantial differences betveen the male and female

This can be seen

populations, by age group, in tropical African countries.




TABLE 4.1: Reported Proportions of Children with Surviving Mothers

o BOTSWANA CHAD WEST CAMEROONS GAMBIA
1971 1963-5 1973

GROUP M ¥ M ¥ M F

5-9  .973 973 .94 .947 .948 948  .955 .957
10-14 958 .961 .90 .902 .B97  .B9S  .926 .928
15-19  .932 .93 .811 .797 .80L  .B29  .865 .859
20-24  .892  .884 697 .73 .672 192 .770
25-29 .832 .813 585  .600 .539  .683  .665
30-3& 771 749 LS1 L4701 618 .553 .514

35-39 .70l  .683
40-44 607  .591

380 360  .268 474 .436
L248 .263  .178 351 .310

45-49 519 .497 167 .47 .093  .215  .247
50-54 .393 .38l .140 .095 .069 .048 .186 .142
55-59 .305 .290 .107 .04l .040 .024 .13l .121
T KENYA MALAWI UGANDA

L 1969 1971-2 1969

GROUP M ¥ M ¥ M

5-9  .974 .975 .977 .971 .970 .972
10-14 954  .960 951 .957 .945  .954
15-19  .920 .924 .926 .932 .892 .902

20-24 .872  .864 .911 .846 .831  .819
25-29 .808 .788 .784 .759 .742 .723
30-34 .72 .686 .685 .711 .643  .605
35-39  .639  .602 .601 .567 .552 .49
40-44 529 .476  .452 462 .360
45-49 L6146 .368  ,392  .367 268
50-54 .278  .244  .292 221 158

55-59  .220 177 .179 .152




TABLE 4.2: Reported Proportions of Children with Surviving Fathers

Age BOTSNANA CHAD WEST CAMEROONS  GAMBIA
Gesp T, (15633 1964-5 1973

» M ¥
5-9  .915 913 .910 .912 .870 .B73 .924 .92l
10-14 .885 .879 .826 .827 .783 .793 .B71  .869
15-19  .840  .Bl6 .683  .651 .648 .675 .779 .752
20-24 747 .721  .515  .500 .554 .505 .66l  .606
25-29 .641  .620 .382 .380 .397 .359 .506 .471
30-34  .522  .504 .26 .267 .265 .224 .372 .303
35-39 431 415 .197  .190 .179  .142  .256  .224
40-44  .340  .299 .127 .104 .106 .08l .170 .138
45-49  .249  .218  .084  .067 .058 .048 .11l  .097
50-54 .161  ,143 .044 .034 .017 .009 .066  .059
55-59 .113  ,101 .038 .016 .018 .021
Age MALAWI UGANDA
iadp AT AT

5-9 .93 .935 .935 .948 .951 .919
10-14  .896 .901 .928 .919 .909  .914

15-19 .832 .837 .873 .862 .828 .833
2026 .6 .39 .793 765 724 708
25-29  .634  .633  .696  .653 .600 .574
30-3  .524  .500 .534 531 .478  .437

35-39  .415  .404  .427  .428  .377  .332
40-44 .300 .281 .297 .29 .256 .211
45-49  .211  .198  .276  .179 .178  .146
50-54 124,118 .174  .104 .102 .079
55-59 .088  .085 .059  .064 .066 .057




in Tables 4.1 and 4.2. The observations are used to calculate ratios

ldren reporting surviving

of the proportions of male to female ch

parents shown in Tables 4.3 and 4.4 for seven tropical African countries,

namely, Botswana 1971, Chad 1963-65, West Cameroons 1964-65, Gambia 1973,

Kenya 1969, Malawi 197172, and Uganda 1969. It can be seen that the
proportions by sex are close, but slightly lover for males in the age groups
10-14. Then, the proportions for males are higher than those for females

from age 20 to 50. The gap between the proportions for males and females

is clearly shown to widen with age.

Since sex at birth is random in relation to age of parents, this

pattern of differences in the reporting by male and female children may be

explained by three reasons: (i) that the errors in the reporting of ages

have a strong sex differential; (ii) that parents with more male children
tend to live longer; or (iii) that malesover-report survivorship and/or

females under-report. In the light of what is known about tropical Africa
there seem to be no plausible reasons for accepting that the second
and

or third explanation could cause the large deviations between male

females. Instead, it is more attractive to accept the proposition that

the reported pattern of sex ratios is defective because of errors in the
age distributions of males and females. We shall, therefore, utilise the

proportions of each sex, reporting parents alive, to estimate the sex

differentials in the age error

4.3. Estimating relative ages from the reported proportions of both sexes

with surviving parents

A simple method for estimating age discrepancies by sex is to use

the reported proportions of both sexes with mothers (or fathers) alive,
: (i) that

by age groups. The underlying assumptions of this method ar
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the reported structure of proportions of both sexes combined can be

described by a smooth, regular curve, and (ii) that the proportions of

parents surviving by sex should be the same for any fixed age of child.
The estimation of the relative ages may take two forms. Firstly,

the graphical form: the proportions of both sexes are plotted against

the corresponding age groups and a smooth curve fitted through the points

Also, from the same graph, the ages on the

(see Figures 4.1 to 4.6).

curve that correspond to the points for each sex are read off.

Figures
4.1 to 4.6 illustrate the deviations of the points for males and females

from the curve fitted to both sexes.

A disadvantage of the graphical method is that different results
will, in general be obtained from the varying curves that may be fitted.
Since the curvature is quite gentle, it seems better to apply a simple
computational procedure of estimation using linear interpolation. Linear
interpolation gives very much the same results as the graphical approach.
The reported proportions of cach sex with mother (or father) alive are
interpolated linearly between the proportions for both sexes in order
to obtain the required estimates of related ages. The proportions for

both sexes are taken to correspond with the mid=point of the relevant

age groups.

The results of the method are displayed in Tables4.5 and 4.6. It
should be noted that the ages will contain reporting errors common to
both sexes. The tables show that the ages estimated for males are

slightly higher before age 15 and lower after age 20 than the estimates for

femal. The gap between the related ages for the sexes widens at the

The results indicate a systematic exaggeration of ages by

older year:
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Figure 4.4: Reported Proportion,

s of Children with Surviving

Kenya 1969
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males relative to females, at ages above 20. There is also satisfactory
agreement between the related ages of males or females) with surviving
mothers and those with surviving fathers, (allowing for sampling variation).

This similar pattern of differences between male and female children,

regardless of the sex of the parents, supports the view that age error

rather than differential survivorship or reporting of numbers alive
As already noted, the method relies on

the cause of the discrepanci

the assumption that the structure of the proportions of parents alive as
reported by both sexes together is smooth and fairly linear over short
averages of the distorted patterns

However, it may be that the

section
s reporting surviving parents is no

mal

of the proportions of males and f
smoother than either of the separate compoments. It may, therefore, be
es the data more firmly. This

better to develop a method which gradus
sumed that age and

will be done in the next section. If it is further
tic over the total range,

coverage errors are erratic and non-system:
the estimates for each sex may be taken as of absolute rather than

ons from the true values.

relative deviat

ages from smoothed proportions with mothers alive

ting ‘actual'
re heavily smoothed structure of proportions of children with

surviving parents, for use in examining sex differentials of age errors,
is obtained by applying an orphanhood technique developed by William
Brass and Ken Hill (Brass and Hill 1973). On the assumptions that there
is no relation between survival of parent and survival of child, or
between survival of parent and the number of surviving children and that
and mortality have remained constant

the level and pattern of fertility
over the required time period, the orphanhood method is used to generate
estimates of adult survivorship from reports by the children. These are
The smoothed proportions may then be

then graduated by the logit system
taken as estimates of the true values for the specified age. groups
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although on eight

umptions. The reported values for each sex can then

be translated into age error terms,

The computational procedure of the method is illustrated in
Table 4.7 by application to the Uganda 1969 census data for mothers alive.
Briefly, the calculations are as follows:

(i)  Columns 1 to 4: For both

srtal

sexes together & ty ratios were

estimated from the orphanhood technique using the old multipl

ying

factors (Brass 1975, p

60-76). The multiplying factors in column

2 are located in Appendix Table 4.1, This table contains factors for

converting proportions of

thers surviving into probabilities of surviving

from a base age, B to age B+N. Four panels cach corresponding tc

defined value of B are given. Within cach panel, factors are selected

on the basis of two parameters: M, the mean age of mothers, and N, the

median of each age group of children, which is equal to survival interval.

{1 and ¥=2

ng B=27. » column 2

the multipliers

of Table 4.7 were

interpolated between i

columns of the Be27.

panel.

(i)  Using a value of )% .530 (estimated by the Brass Childhood mortality

tec

nique -1968), we derive

initial estinate of 8, . from a
one-parameter life table model. In the Carrier-Hoberaft tables,

%(27.5)" +6621 corresponds to £, = .830 chus, given &

first estimates of £, in column 6 are generated from column 4.
(iii) Corresponding to the values of £ in colum 6, 8's in column

7 are esti

RCualLy e tions
8 = Dyl Y0 Vel

where Y., is the logit of £, and Y, is the logit of the African

)

ceaaul)

Standard at age x

(iv) By trial and error proc

8's are found to give new estimates of

% (x)y until there is a negligible difference between the old and the

new estimates. Our example gives the second estimate of £ - 0.679,

27.5)
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TABLE 4.7: Calculations of the Estimated Actual Ages using the Orphanhood
Technique on the Proportions of Males and Females with Mothers
Alive - Uganda 1969.
Prop'rns |Multiply-|Median|Mortality|Age of|Given £, g=.6621[ 4th.Est.of
Age | with ing Age | ratios [Mother| g _ 51:% %, Given
Group| mothers |factors . 3 SHN 3
<t @250 Loc.bsi. | Tmpliedty,; =.6862)
X N 27.5 X x £
o T Tamixs 3 3 7 5
5.9 | .9710 |1.0017 7.5 "V 9727 |35 | .6440 8935 | .6675
10-14| 9491 [1.0048 9537 |40 | .6314 8214 | L6504
15-19| .8974  |1.0075 L5986 L8497 | L6204
20-24| 8247 [1.0110 so | 5521 .8779
25-29| .7327 1.012 | 55 4910 9127 |
30-34| 6200 |1.0125 60 | .4183 L9434
35-39| L5256 | .9999 les | .308 9385 3605
o] L3926 | L9707 ‘ 0 |.2s23 | 9632 | L2015
4s-49| L2980 | .88 75 | a7a 9395 | .1804
50-54| .1814 L7315 l»m L0879 0911
e =
Smoothed | Suoothed [smoothed| Obscrved [Estin. [observed
Age 3 MortalityProp'ns |Prop'rns Mid-aged Prop'rns|
Ratios | for |by fem. for by
Group i "
L7 505 | both  |with sury.femaled Males
L3N | yoxes [mothers
G
] 10T Ti=Torzl 17 3 1z K3
5-9 | 6767 L9862 | .9845 | .9721 |8.78 |.9698 9.01
10-14| 6453 | L9404 [ .9359 | .9535 o.69 |.9447 11.60
15-19 | .6093 .8879 | .8813 | .9023 15,58 |.8924 16.48
20-24 | .5661 8250 | .8160 | .8186 [22.30 |.8308 |21.37
25-20 | .5125 | .7069 | .7379 | 7233 |9.27 |7421 27.23
30-36| 4471 | .6516 | .6436 [ .6050 [34.23 |.6430 2.53
35-39 | .3652 5322 | .5323 | .4988 [38.86 |.5520 [ 36.62
a0-44 | L2726 | 3973 | .4093 | .3598 254 [ 41.85
4s-a9 [ 1719 | L2505 | .2839 |.2681 [48.20 [.3279 | 45.75
s0-54 | .0861 a2ss | 1716 | 1576 [53.33 [.2083 51.00
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third estimate as 0.684 and the fourth estimate as 0.6€6. Column

2 (go) that are fitted

8 shows the estimates of L350, 0,0, -

by the orphanhood techniqu

(v) By use of the equation:
Yy 8 + 8%, e Ched)
(35) t0 L4y, in column 8 are smoothed to give column 9.
ns 12 and

(vi)  Finally, the reported proportions for each sex in col
14 are linearly interpolated between the smoothed proportions in
column 11 to yield the corresponding ages in columns 13 and 15.

The procedure is applied to data on mothers alive from Chad 1963-65,
Kenya 1969 and Uganda 1969 and the results are shown in Table 4.8. We
prefer to use maternal rather than paternal orphanhood data since the
estimates of mortality from the former are more reliable. This happens
(a) children are more likely to have accurate information for

becaus

» (b) the shorter reproductive period allows less scope for model

e fertility pattern from

mother:

biases and (c) there is better knowledge of fema

observations.

4.5. Results from the simple and heavily graduated methods

Table 4.8 shows that female ages are over-stated at ages below 15

in Chad 1963-65, and below 20 in Uganda 1969 and Kenya 1969. Under-
statements of female ages are shown in the reproductive period of 20 to 50.
This finding from the graduated methods is consistent with the results

from the simple technique shown in Table 4.5.

are shown in Table 4.8 to have recorded

On the other hand, mal
higher ages throughout the indicated range in Kenya 1969 and Uganda 1969.

Chad males in 1963-64 displayed under-reporting in age groups 20-24 and
were derived by

40-44 but mot otherwise. Fairly similar results for mal




TABLE 4.8:

Estimated Aged
with Surviving Mothers

Derived from

the Smoothed Proportions

AGE  MEDIA CHAD KENYA UGANDA
croup Aok 136365 L1969 2
10-14  12.5 10.6 1.7 1.6
15-19  17.5 17.7 16,8 15.8 16,3 15.6 16.5
2024 22.5 23:6 22.8 2.9 2.2 2.3 2.4
25-29  27.5 29 27.3 27.8 26.3 293 27.2
30-3 32.5 35.5 32.2 33.8 31.8 34.2 32.5
35-39  37.5  38.6  35.8 38.1 36,3 3.9 36.6
40-44  42.5 46.6  42.9 43.6 413 445

45-49  47.5  48.7 48.0 46.1 48.2 45.8
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the simple technique of Table 4.5 where over-statements appear in age

possible cthat this pattern is a reflection of

groups above age 20. It

& series of over-statements in all sections of male populations perhaps

status accorded

desire of men to attain the more dignifie

owing to th

African societies

to elders in many

Other measures to display estimates of the deviations between

bles

males and females are given in

reprted and actual ages of

les reported lower ages than females

and 4.10. It can be seen that
in Chad 196365 and from age 10 to 20 in the Kenya and Uganda censuses
of 1969. 1In all the three countries males are shown to have stated

to 50. The gap between the reporting

higher ages than females fro

es and becomes wider with

by males and females is small in young a

advancing years.

It is worthy of note that the methods give contrasting results

aduated methods (see Table 4.10)

in some age groups. The results from the g

#how that both sexes over-stated ages in the 10-19 age span in Kenya aud

Uganda. On the other hand, for the same instances, the simple technique

yields results (see Table 4.9) which suggest that ages of males were
under-stated while those of females over-stated. The difference is due
to the failure of the simple relative approach to take account of the fact
that under (or over) statements and under (or over) enumeration of both

sexes may occur together in the same age groups.

4.6. Conclusion
Two approaches have been used to examine and measure the differences

between male and female age and coverage errors. The methods - 'simple’

and 'graduated' - have been applied to orphanhood data from Chad's survey
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1969. The results from

of 1963-65 and the Kenya and Uganda censuses of
the two methods suggest that male populations over-state their ages while
females under-state ages in the age groups above 20, and that the reverse

s true below age

The methods make three basic assumptions. The first is that the

e
Pproportions for both sexes with surviving parents together 4 accurate
on average. For the simple approach, the average is effectively taken

separately for each age group. The assumption then means that when
males reported higher ages, the females necessarily reported lower ages
pproximately cancelled.

than the true values and that the deviations
Such a proposition is not reasonable, since there is nothing to stop both
sexes reporting ages with errors in the same direction. The technique
is, therefore, a relative one which can only be expected to give
differentials by sex of about tie right size and not the separate absolute
sex and age

errors. In the smoothed method the 'averaging' is over both
8roups since a fairly rigid framework, the two-parameter logit mortality
model is fitted. It is difficult to assess the possible biases, here,
because this depends on the accuracy of the model and also the effects of
time trends. Clearly a systematic component of error in the same direction
for both sexes in all age groups would not be detected. Nevertheless, it

can be inferred that components of error which are different by sex or age

These may be the major effects.

groups would app:

The other assumptions are that the reporting of the proportions of
parents alive are accurate or, less stringently, have the same relative
®rror for both sexes; and that there is no differential survivorship of
s of their children. The first seems likely

parents according to the sexe
be

o hold in at least a reasonable number of surveys. The second cannot
checked by any available data but again it is implausible as a gemeral
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result. The consistency of pattern in the estimates of deviations

gives some support, therefore, for the belief that the assumptions are

valid.




CHAPTER 5
) THREE-CEN
AGE DATA

SUSES

THE DEMENY-SHORTER AN

METHODS FOR CORRECTT

Introduction

For over two decades there have been many efforts to develop

mortality model systems. The purpose of these systems has been to represent

the age/sex mortality incidences of the actual populations in terms of

fixed schedules, so that studies of various populations that lack complete

data on mortality can be made by means of a small number of parameters of
The

level and pattern which can be estimated from the available data.
first set and the best known of mortality models was produced by the U.N.

Population Division in the mid-1950s. The U.N. Scheme was based on one

parameter of level related to analysis of 158 life tables for some fifty

countries and for the first half of the 20th. Century. Since the U.N.

tems of mortality models have been evolved.

proposal, more flexible
In 1966, Ansley Coale and Paul Demeny produced a regional system with

four sub-sets of varying patterns. However, as in the U.N. models. the

Coale-Demeny system is determined by one-parameter of level but separately

for each sub-set. The Ledermamand Breas scheme, published in 1969, gives

the latter based

six one-parameter sets and three two-parameter set
on particular combinations of mortality measures. This system was related
o a factor analysis of substantially the same life tables as vere used

in the construction of the U.N. system. The most flexible system of

& the Carrier-Hoberaft (1971) set of tables, based on

mortality models
the Brass linear logit transformation and an African standard life table.
The Carrier-Hobcraft system has two parameters, one which determines level

and the other the relation between adult and childhood mortality.

By using the underlying patterns of mortality in these systems,







combined with a range of natural increases

distributions have also been constructed.

demographers to use the method of selecting a model

comparing it with the reported age distribution and

differences to the age errors. This method, which

13,

stable population age

It has been customary for many

stable age distribution,
attributing the

n unproven

is based on

assumption that constant fertility and mortality conditions have prevailed

in the reported populations for a considerable time, has been necessary

for lack of data collected at more than one fairly

in developing countries.

well-conducted census

However, recently the number of developing coun-

tries with two or more reasonable censuses has begun to increase rapidly

and demographers have also begun to investigate possible methods of using

age data from multiple censuses in order to measure and correct for age

and coverage errors.

Probably the best known of the methods, using age data from two

successive censuses, put forward so far is the Demeny-Shorter method (1968).

When studying the Turkish censuses' data, Demeny
method by putting earlier ideas of Carrier and ¥
general form. The mathematical formation of thi
in separate papers by Brass (1969)

critical assessments. Das Gupta was not

he claimed that it made an implicit assumption of

in the two successive censuses. To overcome th

re general method'

proposed what he call
same results. Das Gupta's method is harder to

On the other hand,

the Demeny-Shorter method

satisfied with the method

and Shorter evolved the

arrag (1959) into a more

s method has been given

and Das Gupta (1975), who also made

because
identical age structures
is problem, Das Gupta
which yields almost the
evaluate and apply than

Brass' appraisal of the

Demeny-Shorter approach was supplemented by a proposal to use a third

census to check the assumptions of the method.




The present and following chaptemwill be devoted to the

exploration of new methods that may utilise age data reported at

utive censuses in the same country.

basic parts. First, we shall examir

some of

Shorter method by clarifying the alg

braic motation and by applying it
to the African and Turkish data. In the second part of the chapter, a
method which makes use of age data from three successive censuses will

be given and applied to data from the developing countrie:

The Demeny-Shorter Method

The Demeny-Shorter method can be represented in the following
notation:-

A;(14a,) is the reported population in age group i for the

The present chapter has two

first
B, (1+a;) is the reported population in age group i for the second
census,
where A and B, are the true populations in age group i for first and

second censuses respectively, and 1+ is the error component
After correction for migration and territorial

) that the pattern of age mis-statements is systematic
repeats itself from one census to the next, or more rigorously
that the proportional error in an age group is comstant: ie.

A = A (s

Pl 7asap) ana B =

3 Qeap] /Oy

(if)  thekthe population is assumed to experience mortality according
to a suitably selected mortality schedule, ie.
s

cesee(5:2)
where P is the appropriate life table survivorship ratio in age group i.
The choice of the suitable mortality level is done by a trial and error

procedure, (see Coale and D meny, 1967) using the life table of the model

in group i.

and therefore

the aspects of the Demeny=

changes the assumptions made
are:
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system which best describes the numbers of persons surviving from the
first to the second date. The best level of mortality is decided by
ation numbers over

the agreement of the observed with the expected popu

55710, suiae.s A5 years.

Application of these survivorship ratios to the reported numbers

of the first census - A (1sa;) - will give the true numbers for the
following age group of the second cemsus - B (1+a;) - but with the error
of the first one. There are then two unknown values for each i - By and
a;, but also two equations for each, except for By. Thus, the introduction
of a third assumption as seen below is necessary for unique solutions for
a; and B; (and hence Ay also).
(iii) The third assumption is that the total size of the population

was enumerated correctly, ie.

IA; (1sa)) = ZA; and BB (eap) = Im (513

Demeny and Shorter (1968) have given a simple procedure for arriving at
the final correction factors and hence the corrected population age

distributions.

The method as described above was successfully applied to Turkey,

which has experienced a history punctuated by wars that from time to time
resulted in unusually small birth cohorts. In the present study the method
is to relax one of the assumptions

is extended in two ways. The first
underlying the method, namely that the coverage of the two successive

censuses is the same. Secondly, the method is applied to several African
populations, particularly those with a length of census interval

different from 5 years. The purpose of the last application is to discover

whether this method can work in countries other than Turkey.




5.2.1.Changing Census_coverage
A test of hov sensitive the Demeny-Shorter method is to changes
in the census coverage is made by assuming:
) the same coverage of censuses in 1955 and 1960; see columns 2 and 5

of Table 5.1

(i1)  that the 1955 censuses had 3% omissions in ev

ery age

»up, that

is 1.03 is a muldplier of each age group; see column 3 of Table 5.

(iii)  that 3% over-enumerati.

in every age group occurred in the 1955
census, that is 1,03 is a divisor of each age group; see column 4
of Table 5.1.

The census coves in 1960

assumed to be unchanged from case (i) in

(i) and (iii).

The changes in (ii) and (iii) will affect the level of mortality

chosen according to the trial and error procedure

scribed. In (iii),
this is because the change represents a reduction of numbers in each age

8Toup of the 1955 census. The reduction of numbers in turn means that

the 1955 population needs higher survivorship ratios than in (i) if the

expected numbers of 1960 are to agree with the report

1960 population.

Conversely, the change

in (ii) requires lower survivorship ratios than

in (i). Consequentl

the survivorship ratios used for (i) come from

South model level 16.3 corresponding to €%, = 63.5ifor (ii) level 11.0

corresponding to e, = 55,

and for (iii) level 23.4 corresponding to

€%y = 74.5 as seen in Table 5.

The correction factors obtained by varying the coverage of the
1955 census relative to that of 1960 are shown in Table 5.3. It is

noteworthy that these final correction factors for the same age groups
vary considerably, implying that the method is, to a noticeable extent,

nsitive to the

umption Of the same coverage at the two successive
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TABLE 5.2:  Survivorship ratios of Mortality levels 11.0 (e3=55.5)

16.3 (e0=63.5) and 23.4 (e5=74.5) of the South Model
Life Tables

Age Level 11.0 Level 16.3 Level 23.4
Group  (e5=55.5)  (e2%63.5)  (e2=74.5)
0-4 +91067 9599 .99513
5-9 97632 .9903 199904
10-14 97923 .9907 199894
15-19 97244 .9873 .99843
20-24 96774 .9846 99789
25-29 96546 .9830 99735
30-34 .96325 L9813 .99663
35-39 .96032 L9783 .99519
40-44 .95642 L9741 .99276
45-49 94644 .9660 98865
50-54 92724 L9523 98254
55-59 .89102 9272 .97210
6064 83100 .8829 .95097
6569 .74030 .8085 .90702
70-74 .61296 L6936 .82277

75+ .37780 L4414 .55154




119,

TABLE 5.3: Correction Factors obtained by varying the Demeny-Shorter
Assumption on census coverage of Turkish Female Population

in 1955 and 1960.

Age 3% Omissions Same_coverage 37 over-
Group in 1955 Census  for 1955 & 1960 Enumeration in

South Level Censuses 1955 Census
11.0(e$=55.5) South Level South Level
16.3 (¢9763.5)  23.4 (e9=74

1.025 1.039 1.088

942 976 1.029

.998 1.020 1.052

1.043 1.047 1.056

1.013 1.002 991

.958 937 2910

.998 .960 917

1.007 998 .940

.959 .961 .875

1.146 1.052

.906 .826

1.240 1.132

74 8

1.244 1.207

893 2942

954 1.335
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censuses. However, it is important to remark that the deviations of the

groups are in the same

correction factors from unity for the sam

direction, which suggests that a very similar pattern of age errors is

obtained, irrespective of the changes in the census coverage. What Table

s in the enumeration coverage of

monstrating is that chan

5.3 may be ¢
two consecutive censuses are likely to lead to appreciable changes in the

level of, but not the pattern of, the correction factors. This suggests

that the effects of the chosen level of mortality on the results is not

too large, and that a method which does not estimate it explicitly might

itnessed a tremendous

t few decades have

be useful. Since the la
ion at censuses in developing

n the procedures of data collec

improvement
countries, leading to better census coverage, a method that, unlike the
Demeny-Shorter, does not depend on the assumption of constant coverage,

is desirable.

Applying the Demeny-Shorter Method to the African situation

Further appraisal of the Demeny-Shorter method is made by the

that have a notably different

use of censuses of African countries

d are the 1960 and

demographic experience from Turkey. The censuses u

1959 and 1969 censuses of Uganda and the 1962

1970 censuses of Ghana, the

and 1969 censuses of Kenya, Ghana, Kenya and Uganda are all black

African countries that have radically different population characteristics

from a Euro-Asian country such as Turkey. Firstly, in the present century

these three countries, unlike Turkey, have not been directly involved
in external wars, although they have experienced famines and epidemics

to time. Secondly, the Turkish censuses since 1935 are believed

from tir
to have had good coverage, while Uganda's 1959 census had clear deficiencies

; the 1962 Kenyan

in some areas and the 1969 census was merely sati
census relative to the one in 1969 left out about a fifth of the country's

e, there is quite

total area uncovered. Thirdly, unlike the Turkish c




inadequate information on migration to use for the adjustment of the
Usanda and chana data. Fourthly, there is the differance in the lengen
Of census interval of these African countries, seven years for Kenya and

ten years for Ghana and Uganda, compared with five year interval for a1l

Turkish censuses since 1935. 1In this work, we examine the difference

involved in applying the method to the census data at seven year and te

year intervals.

The calculation for Ghana and Uganda is similar to that used for

Turkey, except that the ten year instead of five year life table

survivorship ratios were used. For Kenya, seven year stationary popula

were linearly interpolated from suitable five

tions, Ly g, Ly )4, ete
stationary populations, » Ly_gs etc. From the et
year stationary populat Yo-4» Lsg» et From the Ly (L, . ece.

nd then used

seven year life table survivorship ratios were calculated

shorter ta. The

in the application of the Demeny thod to Kenyan
results of the application of the method to Ghana, Uganda and Kenya data

(b) and 5.4(c), respectively,

are shown in Tables 5.4(a),

Table 5.4(a) displays the correction factors and the corrected
population distributions for Ghana in 1960 and 1970. The correction
factors reflect a pattern of age errors quite unexpected in a tropical

is incredibly

African country. The excess population implied in age o

large and contrary to other reports (such as Brass et al.-1968, P.45-49)

vhich have disclosed underenumeration of children at censuses in Africa,
Hlowever, some scudies of the Ghana census of 1960 (e.g. Caisie, 1973, .233)
show this phenomenon of over-enumerating children. Another unsatisfactory
aspect of the age group 0-4 is the sex ratio implied by the corrected
Population. At both the 1960 and 1970 censuses, the ratios of age group
04 were reported at plausible estimates of 0.98 and 0.99 for 1960 and

1970 respectively, but after the Demeny-Shorter correction, the sex




TABLE 5.4(a): nuu\u from Demeny-Shorter -e(hod for Ghana data of 1960 and 1970 censuses,
ion in Thousands (000's

MALES FEMALES
age REPORTED  CORRECTION  CORRECTED REPORTED  CORRECTION  CORRECTED
i POPULATION FACTORS  POPULATION POPULATION FACTORS  POPULATION
°® 1960 1970 190 1970  19%0 1970 190 1970
0-4 6424 778.1  .876  562.3 68L.1 6543 7851 .95  618.3 742

5155 728.3  .876  4SL2  63T.5 503.0 7219 945 475.4

1121 362.0
1182 313.8

357.8  514.5
2755 399.0

268.3  305.6 904
278.6  289.9 846
2425 264.6 .89
198.2 2214 .083

‘721




ratios dropped to unbelievable values of 0.91 for 1960 and 0.92 for 1970.

Although it is known that more male than female infants and children

die, the sex ratio is not expected to drop so much below unity in the
first five year age group. Thus, it seems certain that the correction
factor for males in the O-4 age group is under-estimated. A further remark

to be made on the correction factors is that whilst they deviate widely

censuses of 1960 and 1970, there

from unity, implying large errors in the

is no markedly systematic error pattern, contrary to what is implied

by the analysis of digit preference in Chapter 2

The corrected age structures for 1960 and 1970, compared with the

reflect a fairly regular trend of real fluctuations

reported distributions,
in the recent past. However, care must be taken in accepting this
interpretation since the original data were not adjusted for the migration

effects arising from the Ghanaian Government's decision to expel foreigners

during the period between the censuses. It is possible, for instance, that

the decreasing effect of the expulsion on the 1970 census data had the
levels

effect of reducing the level of mortality chosen, but the selected
of mortality from the Carrier-Hobcraft tables are 45 consistent with

consistent with €2 = 43.25 for females.

€2 = 4250 for males and 46.

as shown before,

These are quite acceptable for African populations and

the effect of variation in the level of mortality on the results does not

change the pattern.

In addition, the correction factors and corrected population dis-
tributions for Uganda in 1959'and 1969 are shown in Table 5.4(b). The
correction factors for Uganda show smaller deviations from unity than

h is indicative of a better quality of age data in

those for Ghana, w
the former country. This result is surprising because it is believed
ilnk RS UEETR 1959 catun vap. muck st s pootly boticted han s
ated out bers that che Ugands 1959 Cansua five yea
ng the "Obligue
Vuld r 1, 15, 6=15,

in
A:h Ogive" -.nod n- :n npuud broad age ;m.
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1969 census, while the quality gap between the 1960 and 1970 Ghana census

data is believed not to have been wide. Furthermore, Table 5.4(b)

displays patterns of the correction factors and corrected population for
Uganda which appear credible. As shown in the Table, the above unity
estimates in age group O-4 suggest correction for underestimating young

The relative excesses

1y caused by omissions at censuses.

children, prol

displayed in age range 20-39 are largely counter-balanced by the deficits

shown in age groups 15-19 and 40-59. Also evident from the Table is

systematic mis-reporting at advanced ages, perhaps owing to the more

pronounced distorting effect of age heaping on advanced ages (as already

2 distributions for 1959 and

discussed in Chapter 2). The corrected age

1969 show that population in higher age groups is smaller than in lower
groups which, as expected, suggests no evidence of irregular birth
cohorts in the recent past; but surprisingly, the 1969 structure does not

show the effect of large immigration in the early 1960's, perhaps because

most of the immigrants were political refugees who tended to come inm
families of all age groups.

1 of the Demeny-Shorter method is made

Furthermore, the apprai
that were seven years

by applying it to the Kenyan data from censuse
apart. The correction factors and corrected population age distributions
for 1962 and 1969 are in Table 5.4(c). Despite the unusual census

interval used, the results for the age groups up to age 35 look fairly
plausible, in that the correction factors are not very far from unity

and the corrected age structures are regular. However, it is worth

» and 1.10 for 1969 of the

noting that the sex ratios - 1.06 for 196

corrected population in age group 0-6 are too high, considering that the
sex ratio at birth in tropical Africa is about 1.03 to 1,05 and decreases

with age at young ages due to more male than female infants and children
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dying.

The reason for the too high ratios is that the correction factor
for males (1.067)

is over-esti

ated

or the correction
( .988)

tor for females
is under-estimated. A further unsatisfactory feature of
is the

the
estimates in Table 5.4(c) violently
correction

fluctuating pattern of
factors after age 35, especially for
correction factors

£ the
females. The
for age 42

estimated
42 to 62 are too high

incredibly

and thus suggest
large underenumeration in these ages. On the other hand, the
estimates for ages above 62 are too low, implying too large overenumerations.
A final problem with the results in Table 5.4(c) is to convert the
seven year correction factors and age distributions into the customary
five-year age groups for conventional amalysis.
Lastly, it is important to note the levels of mortality used for
Uganda and Kenya. Because of the poor coverage at earlier censuses of
Ugarda and Kenya, the levels of

mortality located
(already described) for the two countries a
level 90: ¢° =

> = 65.80;

by the projection method

all higher (Uganda males -
females - level 65: e

level 101.

52.50; Kenya males
= 70.5

females - level 80.4: e° = 60.
Hoberaft tables) than

of the Carrier-
levels consistent with the estimates of early
child mortality for the intercensus period of

level 40:

these countries (males -
= 40.00; females - level 45:
check the

50). To compare and
above results, the survivorship ratios corresponding to the

mortality 40 and 45 are

levels

adopted in

method to da

the application of
ta from the Uganda 1959 and 1969, Kenya 196:
The

Demeny-Shorter
censuses.

and 1969
5.

resulting correction factors are shown

in Tables 5.5(a) and
A comparison of these correction factors with those from higher
levels of mortality shows a striking resemblance in pattern, though the
levels vary widely.

This suggests, as in the

case of Turkey, where
coverage was considered to vary, that the application of the

Demeny-Shorter




TABLE 5.5(a):

Correction Factors resulting from the use of different

Carrier-Hoberaft

and 1969 Censuses

levels of Mortality for Uganda,

1959

Ao  vaies, e
Group 12001 %0 LBvel 50 L8vel 45 L3vel &8
e 10w To67
1199 103 1.067
1 995 1.069
. 1.070
1004 o1
570 790
839 P
852 oo
953 1.002
091 1100
1078 1038
Lots 1406
so-c4 .69 1am
6569 .83 Lo
70-74 s .89
750 a3 e
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TABLE 5.5(b): Correction Factors resulting from the use of different
Carrier-toberaft

levels of Mortality for Ke
and 1969 Censuses

. 1962

Age MALES

Group  eO= 40.00e°=70.59 o

FEMALES

2 .50 €2x52.50

Level 40 L8vel 18vel 45 L8vel 65
101.3




method can produce a consistent pattern of correction factors, even if
the coverage errors and migration effects are not adjusted for in the

original data, and regardless of the level of mortality chosen.

As reported above (section 5.2.1) the Demeny-Shorter method is

inadequate where procedures of age collection, and therefore errors,
have been changing greatly. Brass (1969) has suggested an extension

atially an

which uses age data from three censuses, but it is ess

nd only applicable

averaging of two successive two census techniques

when error changes are systematic and small. A more flexible method
which takes account of changes in the age reporting and coverage errors
and which conveniently uses information in three censuses held at equal

intervals is considered in this second part of the chapter. The three
censuses method is based on two of the three assumptions made by Demeny-
Shorter method, namely that the population can be assumed to have
experienced mortality according to a suitably chosen model mortality
schedule; and that the total size of the population was enumerated correctly.
The assumption of the Demeny-Shorter method left out is that of size of

age errors being constant at successive censuses. It is replaced by an
assumption of regularity of change in error, that is, that a geometric
mean relationship holds between error components of the same age group

in the three censuses.

The Method

sive censuses such that the

Let A, B and C be three succ

respective enumerated data are:

Ajsag), Ay(sa),..... A Qea 5
Bl (4B, By(1+B))eunnne. B 5 (148, )
€ QsYg), Cy(1svy),. 50147, ) 200:£3:4)
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vhere (1+a;), (1+8;) and (1+y;) are error components (or error factors)

and A;, B,

and Cy are the true populations in age group i (i =

SRED)
The reported survivorship ratios, ie., S, between censuses A and B and
s} betwe

n censuses B and C can be expressed as follow

sassasn s (5.5)

and sy - 1o
i !

1y,
ST

where P, and P; are

= suitable life table survivorship ratios.

They

are assumed known so that the (1+8,)/(1sa,),

(483)/ (1+ay),.
(A9B153/ (M%) ) and (197,)/ (198,), (14y,)/ (148, ...

e oy, )/ (198 )
can be found.

Introduce notations r; and r; such that

ceene(3.7)




S (5e8)

Next, a

ume a geometric mean relationship:
Aea) Aey,) = (146,)

- as

(U+ay) (Ley,

(s ) (A4y,) = (148 L. (5.9)

to hold between error components of the same age group in the three

censuses. In practice this assumption differs little from a linear change

in error proportion, but the geometric expression simplifies the algebra.

r: Qs 1
ZYO  TEe 2 T,
(148,) A+ay)
Y luxl Meay
+.(5.10)
L =2 where k =
e,
2
ner? T
i =,
A 2




Steps of

)

Gii)

v)

i)

133,

calculations of error components estimates are

the same proportion of error

By guessing k (eg. k=1 , implyin
all censuses),we calculate:

1+a 1+
3

Toa,

ete..

Successive multiplication of the ratios in (i) gives:

lsa, Lea,
™, Ta,

Using the identitie

Ay Qe = A Gsap)
o P
and SAi - }A‘(hl‘)

1+a, ete..

we obtain l+a 5

and hence 1+

1

= r, (%)) etc., we find the values of 1+8,, 1+8,,

From 148,
148, ete., and thus from Census B we get 1+8,

146, gives a new value of k which is used to repeat the

1 calculations until the new k is approximately the
same as the old k
The values of (+y;)'s are derived from the relationship

(1+8)?

Toa;
i

Ly, -




Application and Results

(a) Using five year interval census data:

An illustrative example of the calculations involved in the

above method is shown in Table 5.6 as applied to Turkish female data of
1955, 1960 and 1965 censuses. Factors of under-enumeration and over-
ceforth to be referred to as factors of age and coverage

enumeration (he
errors) are shown in columns 17, 20 and 23 for 1955, 1960 and 1965
umerated populations for the

censuses, respectively. The estimated

three censuses are shown in columns 15, 4 and 25 of the Table.
The results of the application of the method to all the quinquennial
censuses of Turkey between 1935 and 1970 are shown in Tables 5.7, 5.8,
5.9 and 5.10.
Tables 5.7 and 5.8 show factors of age and coverage errors for

the Turkish males and females in censuses held between 1935 and 1970.
show three estimates for the same age groups, because three different but
successive ten year periods cach covering three censuses are used. For
instance, estimates for the year 1950 are l=a;'s from 1950-55-60 period,
from 1940-45-50 period. In

148, 's from 1945-50-55 period and 1+y,'
the census

two sets of estimates are given for each end of

addition,
et each, for the

years 1940 and 1965 while 1935 and 1970 display one
same reason. These sets of estimates of factors of age and coverage

errors are put together for comparison purposes.

It is clear from the comparison of the different sets of the
same year, that the estimates of factors of age and coverage errors for

the three or four youngest five year age groups display a remarkable

degree of agreement. However, other age and coverage error components are

not close - some of them are in different directiom.

The reason for the
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discrepant estimates at older ages may be that causes of age data
distortion other than age misreporting and coverage errors are operating.
The causes may include inadequate allowance for gross migration and

wrong choice of mortality level due to overall coverage errors.

Although the estimates of error factors in Tables 5.7 and 5.8

are expressed in relative terms, it is possible to compare the estimates
of different age groups in the same set of estimates. Larger estimates
especially above unity, indicate

over-enumeration or over-statement of the
age group relative to the neighbouring group

and conversely, smaller
estimates, particularly below unity, represent under-enumeration or under-
statements of the age group relative to the adjacent groups
be seen from these

Thus, as can
ables, it is reassuring to note that in almost all

to age group 5-9.

censuses the estimates show underenumeration of the age group 0-4
This result

relative
vital registration

s scarcely unexpected in a country where

parents to disclose information about their children to census enumerators.
Mso

incomplete and sociocultural taboos may not allow

ndicated is a tendency to errors of over—em

ration at 0ld ages
(over 50), hardly an astonishing finding, since men in some developing
societies prefer to be reported older as a token of respect or veneration.

Another notable feature common to most estimates in Tables 5.7 and

) 18

147;
than older ages. The pos:

5.8
is that the younger ages show closer agreement between the adjacent
estimates (lea;

) of the same group for the same census year

ble cause of this result is the effects of the
assumptions of the method on the estimates. The method's dependency on

cumulation of equation from the earliest ages upwards assumes the errors
in the arlier age groups  cancel out, but in some instances the errors
may become progressively greater in their effects with older age

Also,

the moderate deviations from the assumption that lsa;, 148, and 1+y; are




TABLE 5.7:

Populations of Turkey 1935-70

Estinated factors of Age and Caverage

Errors in Male

Age 1935 1940 1945

Group lsa; lsa. 1ef; lway Loy, sag 147,
o0~ 907  .998 .821 .883 .969  .742 .924 .903 .940
5-9  1.026 1.189 ,986 1.028 1.153 .948 1.040 1.019 1.118
10-14 1.105 1.124 1.013 .993 1.120 ,929 .988 .995 1.116
15-19 1.263  .925 1,079 1.024 1.022 .921 .965 1.002 1.129
20-24 1.335  .859 1,199 1.026 .924 1.077 .939 .99  .995
25-29 1.314 .801 1.242 .978 .841 1.174 .953 .980 .883
30-34 1.260 .872 1,332 1.171 .908 1.408 1.000 1.098 .945
35-39 1.217  .934 1.302 1.181 .912 1.392 1.012 1.147 .890
40-44 1.125 .979 1.202 1.168 .922 1.285 1.013 1.126  .869
45-49 1.071 .935 1.099 1.056 .918 1.128 1.057 1.084 .902
50-54 .870 .978 .996 1.054 .970 1.141 1.169 1.105 .962
55-59 .589 1.007 .738 .783 .907 .923 1.118 .887 .816
60-64 .611 1.623 793 .973 1.405 1.028 1.549 1.050 1.216
65-69  .339 1.270 .433  .606 1.133 53 1.253 .700 1.010
70-74  .290 2.006 .396 566 1.590 .542 1.516 .674 1.260
Age 1955 1960 1965 1970
Group lsa; 148, ley; lea; 1B, ley,  le;  Ley; ey
0-4 1.010 .954 923 .955 .976 .986 .983 .944 1.011
5-9  1.046 1.034 1,011 1.058 1.087 1.027 1.106 1.131 1.156
10-14 1.031 1.016 .996 .91 1.057 1.045 1.055 1.085 1.123
15-19 1.013  .974 .980 .857 .997 .983 .919 .98l  .986
20-24  .929 .92 .967 .795 .9%62 .926  .856 .997 .922
25-29 .863 .926 .983 .752 .898 .901 .772 .933 .792
30-34 .934 1.002 1.030 .883 .935 1.004 .784 .936 .696
35-39  .944 1.001 1.114 1.049 .948 1.017 .898 951 .770
40-44  .970 1.010 1.145 1.222 .937 1.007 1.002 .905 .82l
45-49  .963 1.002 1.115 1.331 .913  .950 1.128 .865 .956
50-54 1.123 1.129 1.158 1.649 1.048 1.091 1.427 .979 1.235
55-59 1.082 1.063 1.005 1.682 1.004 1.010 1.465 .931 1.276
60-64 1.484 1.429 1.133 2.353 1.342 1.318 2,033 1.213 1.757
65-69 1.276 1.192 .808 2,101 1.177 1.134 1.906 1.087 1.729
70-74 1.556 1.437 802 2.644 1.459 1.363 2.440 1.368 2.252
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TABLE 5.8: Estimated Factors of Age and Coverage Errors in Female
Populations of Turkey, 1935-70
Age 1935 1940 1945 1950
Group 1w lea; 1sB;  lea;  1eB; ey,  Lsay LBy Ly
0-4 1,025 .872  .937 .84k .856 .857 .951 .973  .837
5-9  1.1% 1.078 1.134 .905 1.036 1.113 1.135 .984 .99
10-14 1,054 ,991 1.031 .746 .958 1.008 1.022 .809 .926
15-19  .985 .916 .996 .771 .967 1.006 1.090 .795 1.021
20-24 1.106 .872 1.070 .862 .953 1.036 1.112 .830 1.042
25-29 1.154 1.133 1.250 1.065 1.104 1.35 1.200 .972 1.075
30-34 1,053 1.304 1.178 1.159 1,195 1.318 1.220 1.056 1.095
35-39 910 1.184 .961 1.117 1.125 1.016 1.075 1.036 1.068
40-44  .952 1.279  .980 1.315 1.244 1.010 1.106 1.202 1.210
45-49  .702  ,922  .726 1.23 .980 .751 .872 1.101 1.042
50-54 .968 1.208 .977 1.962 1.251 .986 1.009 1,631 1.296
55-59  .604 .628  .591 1.442 .715 .578 .622 1.276 .8l4
60-04 1.172 1.094 1.153 3.446 1,206 1.133 .914 2.675 1.326
65-69  .540 .467  .560 2.320 .551 .581 .414 1.862 .65
70-74  .925  .849  .970 4.766 .847 1.016  .491 3.559  .B46
Age 1955 1960 1965 1970
Sroup  Lea, 148, Loy,  leag LB ley;  IeB; ey Ly
0-4 1.007 .905 1.122 .96l .968 .862 .929 .931 .899
5-9 1.048 1.046 1.069 1.091 1,070 .963 1.085 1.093 1.078
10-14  .993 1.012 .876 1.005 1.004 1.001 1.035 1.015 1.065
15-19 1.001 1.037 820 .839 .968 .986 .936 .936 1.045
20-24 1.011 1.097 .800 .930 1.045 1.083 .937 1.080 .943
25-29 1.051 1.187 .887 1,033 1.082 1.174 .992 1.114 .953
30-34  .980 1.189  .963 1.086 1.026 1.159 1.025 1.074 .967
35-39  .891 1.109 .960 1.111 .943 1.144 1.056 .998 1.005
40-44  .957 1.141 1.099 1.176 .945 1.176 1.100 .934 1.029
45-49  .809 .904 .982 .921 .78 .937 .951 .764 .98l
50-54 1.086 1.074 1.356 1.094 1.024 1.144 1.130 .965 1.167
55-59 .802 .698 1.129 .780 .793 .785 .839 .785 .903
60-64 1.390 1.011 2.076 1.195 1,286 1.120 1.170 1.189 1.145
65-69 .859  .510 1.494 .776 .865 .629 .810 871  .BA44
70-74 1.250 .591 2.658 1.120 1.197 .711 1.029 1.146 945
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Estimated Factors of Age and Coverage Errors in Female
Populations of Turkey, 1935-70

Age 1935 1940 1945 1950

Group 1 “ 8, 1+ vag 18, ey
roup  leay Loy 1eBy  leap  LeBy  lwyy  leag 1 1oy
0-4 1.025 .872 .937 .s44 .854 .857 .951 .973 .837
5-9  1.156 1,078 1.13%4 .905 1.036 1.113 1.135 .984 .99
10-14 1.054 .91 1.031 .746 .958 1.008 1.022 .809  .926
15-19  .985  .916 .996 .771 .967 1.006 1.090 .795 1.021
20-24 1.106 .872 1.070 .862 .953 1.036 1.112 .830 1.042
25-29 1.154 1.133 1.250 1.065 1.104 1.354 1.200 .972 1.075

30-34 1.053 1.304 1.178 1.159 1.195 1.318 1.220 1.056 1.095
35-39  .910 1.184 .961 1.117 1.125 1.016 1.075 1.036 1.068
40-44  .952 1.279 .980 1.315 1.244 1.010 1.106 1.202 1.210
45-49 702,922 .726 1.234 .980 .751 .872 1.101 1.042
50-54 .968 1,208 .977 1.962 1.251 .986 1.009 1.631 1.296
578  .622 1.276 .8l4
1,133 .914 2.675 1.326
581  .414 1.862  .651

60-64 1.172
65-69 540

70-74 .925 1.016 «491 3,559 846
Age 1955 1965
Group lea; 1B, ey,  leag Loy, 148,

0-4 1.007 .905 1.122 .961 862 .929 .931 .899
5-9  1.048 1.046 1.069 1.091 1.070 .963 1.085 1.093 1.078

10-14  .993 1.012 .876 1.005 1.004 1.001 1.035 1.015 1.065
15-19 1.001 1.037 .820 .839 .968 .986  .936  .936 1.045
20-24 1.011 1,097 .800 .930 1.045 1.083 .937 1.080 .943
25-29 1.051 1.187 .887 1.033 1.082 992 1.114  .953
30-34  .980 1.189 963 1.026 1.025 1.074  .967
35-39  .891 1.109  .960 .943 1.056  .998 1.005
40-44  .957 1.141 1.099 945 1.100  .934 1.029
45-49 809 904  .982 786 951 .764 .98
50-54 1.086 1,074 1.356 1.094 1.024 1.130  .965 1.167
55-59 .802  .698 1.129 .780 .793 .785 .839 .785 .903
60-64 1.390 1.011 2,076 1.195 1.286 1.120 1.170 1.189 1.145
65-69  .859  .510 1.494 .776 .865 .629 .810 .871  .B44

70-74 1.250  .591 2.658 1.120 1.197 .711 1.029 1.146 .945
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TABLE 5.9: Male Populations of Turkey (Thousands,000's)
Age 1935 1940 1945 1950
Group M i By 4 25 oL L1 Lh
0-4 1640 1411 1716 1478 1347 1730 1736 1775 1704
5-9 1226 1211 1460 1331 1186 1420 1302 1329 1211
10-14  798.8 1075 1193 1312 1164 1381 1306 1298 1157
15-19  459.8 909.9 780.5 1040 1041 1137 1332 1284 1139
20-24  583.5 619.9 443.9 760.7 866.5 731.6 1068 1006 1007
25-29 492.0 867.4 559.2 502.6 584.2 411.8 772.0 750.4 832.9
30-34  482.2 719.6 471.3 633.9 817.3 518.7 530.4 4B2.8 561.2
35-39  415.6 641.3 460.4 521.6 675.9 435.6 688.0 606.9 782.6
40-44  299.1 4B3.6 393.7 496.5 596.6 421.4 551.3 495.7 642.3
45-49  235.7 386.3 443.6 355.4 478.3 466.4 560.5
50-54  269.9 272.2 295.8 247.5 337.2 356.7 409.5
55-59  286.2 221.7 185.1 193.8 264.4 265.5
60-64 298.2 118.9 243.5 208.5 144.4 194.1 128.7 189.9 164.0
65-69 307.1 80.0 234.5 165.3 88.4 178.1 92.4 165.5 114.6
70-74  326.6 42,0 212.7 143.5 5l.1 147.4 51.6 116.0 62.1
75+ 91.4 125.4 125.4 81.1 79.8  83.4 834 6.4
TOTAL 8212 9031 9031 9574 9574 9574 10650 10650 10650
Age 1955 1960 1965 1970
group i o £ i by £y i i
0-4 1975 2090 2161 2287 2238 2216 2413 2512 2558
1612 1631 1668 1963 1910 2022 2173 2126 2304
1264 1 1309 1707 1599 1618 1939 1886 2149
1239 1288 80 1459 1256 1272 1687 1581 1919
1309 1305 1257 1482 1224 1273 1434 2 1660
25-29 1117 1041  981.1 1541 1290 1286 1449 1198 1406
30-3  806.4 7 730.8 1164 1099 1024 1506 1261 1420
35-39  553.1 514.8 468.6 715.2 791.1 737.5 1135 1071 1471
40-44  690.9 663.7 585.5 414.3 539.9 692.9 766.5 1102
45-49  548.0 526.5 473.5 458.8 668.7 666.8
50-54  452.6 449.9 438.7 332.8 523.3 377.2
55-59  303.9 309.5 327.4 252.8 423.2 420.7 402.4
60-64 164.7 171.0 215.7 156.9 275.0 280.0 275.2
65-69  99.6 106.6 157.3 79.3 141.4 146.8 190.2
70-74  63.6 68,9 123.4 43.1 78.1 835 100.9
75+ 96.9 96,9 119.8 108.1 108.1 137.6 129.4 130.1 43.5
TOTAL 12297 12297 12297 14164 14164 14164 16114 16114 18045
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: Corrected Female Populations of Turkey (Thousands, 000's)

Age 1935 1940 1945 1950
2 Ay Ay By ¢ A 3

0-4 1315 1464 1363 1425 1407
5-9 1014 1192 1133 139% 1217
10-14  735.4 1016  975.9 1461 1138
15-19  512.7 774.1 712.4 1226 977.5
20-24  601.6 603.3 491.7 814.3

1403 1605 1569 1824
1133 1103 1273 1257
1081 1071 1354 1182
939.6 1039 1425 1110
236.3 677.6 886.5 1187  945.9
25-20  649.5 632.0 573.1 589.9 569.2 463.9 634.7 783.6 708.5
30-34  633.9 557.0 616.8 612.6 594.2
35-39  581.9 487.3 600.3 525.5
40-44  517.6 421.1 549.4 430.7

538.7 490.4 566.2 546.4
522.0 578.0 565.2 586.6 569.0

455.2 560.8 545.2 501.7 498.3
45-49  465.9 383.6 486.8 311.3 391.9

50-54  412.6 349.8 432.6 224.5
55-59  335.8 351.2 373.1 154.4
60-64  263.6 303.5 288
65-69  202.0 248.0

511.3 517.2 409.6 432.9
352.0 446.8 473.2 292.8 368.6
311.5 385.3 423.9 206.5 323.8
102.9 294.3

312.8 397.9 135.9 274.2

4.5 220.5 217.7 377.3 83.9 240.0
70-74  141.6 156.8 137.3 28.3 150.4 132.8 284.8 39,3 165.3
75+ 122.9 1142 115.1 115.1  87.7 126.7 126.7 94.3
TOTAL 8506 9054 9054 9470 9470 9470 10541 10541 10541
Age 195 1960 1965 1970
Group £3 st L i 41 i i ootk
0-4 1876 2086 1683 2164 2148 2412 2456 2452 2799
5-9 1498 1502 1468 1768 1801 2002 2065 2050 2346
10-14 1105 1084 1252 1482 1483 1487 1748 1781 2042
15-19 1093 1055 1334 1262 1094 1074 1466 1467 1729
20-24 1105 1018 1396 1212 1080 1042 1244 1079 1446

25-29  977.5 865.3 1158 1140 1088 1002 1192 1061

30-34  750.0 618.3 763.3 907.4

960.9 850.6 1118 1067 1169
35-39  593.1 476.7 550

735.9 606.6 888.5 940.8 1095
40-44  652.9 547.7 568.4 466.2 580.2 466.3 609.8 718.3 867.6
45-49  587.8 526.1 4B4.1 542.9 636.0 533.5 453.2 563.9 $92.9
50-54  488.9 494.3 391.5 531.0 567.8 508.2 523.2 6
55-59  387.0 4bh.4 274.9 4734 465.5

60-64  280.1 384.9 187.5 386.0 358.8
65-69  202.3 340.3 116.2

8 436.8
470.6 504.0 538.9 496.8
412.0 436.8 429.5 465.4
275.4 247.2 339.7 338.3 314.5 383.2
70-74  137.7 291.3 64.8 174.8 163.5 275.1 220.3 197.7 271.0
75+ 158.6 158.6 200.0 181.5 181.5 108,1 230.3 219.5 218.9

TOTAL 11893 11893 11893 13591 13591 13591 15493 15493 17582




geometrically related may be aggravated by bigger age misstatements in

older ages.

By using the estimates in Tables 5.7 and 5.8, corrected distribu-
tions of Turkey at the five year censuses from 1935 to 1970 were calculated
8nd are shown in Tables 5.9 and 5.10, for males and females, respectively,
It is clear from these Tables that the deficits in the adjusted distributions

in all censuses do reflect the three m:

jor wars in which Turkey has been

involved since 1910, namely the First World War of 1915-20, the Turkish

wvar of Independence 19,

d the Second World War of 1939-45. There

® evidence that Turkey experienced marked decreases in fertility rates

during these periods of wars. It is worth mentioning that smaller birth
cohorts are indicated for 1915-20 than 1940-45 because Turkey was not
actively involved in the Second World War, though the lives of her

people were strongly affected by it,

(b) Using ten year interval data:

The method described above (Section 5.3.1) has so fa

been appliea

to age data from censuses that are five years apart. However, there are

very few countries that have quinquennial censuses. It is useful, therefore,

to show how the method can be applied to age data from cemsuses of ten

year intervals which are becoming more frequent in developing countries,
Two approaches will be used to adapt the method to ten-year interval
census data. The first approach is to follow the procedural steps as given

in Table 5.6, but using ten-year instead of five-year age groups. The results

of this approach are shown in Tables 5.11 and 5,13 for Fiji Islands and

Mexico respectively, under '10 year' columns.

A second approach {s to treat two series consisting of age groups

0-4, 10-14, 20-24 etc., and 5-9, 15-19, 25-29 etc., separately to generate
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s in the first

factors of age and coverage errors on the same lines

ption is made that total reprted populat

approac

correctly enumerated for the two separate subsets. Estimates from this

13 under

re are also in Tables 5.11 anc

proce

of these estimates follows

age groups. A discussion

Fiji Islands and Mexic

Fiji Islands: The method was applied to the censuses of 1946, 1956 and
1966, Table 5.11 shows that the three census method derives highly

consistent results for the Fiji Islands from the five and tem year age

ad coverage error factors obtained

groups in that the estimates of age

crages of the estimates

from ten year age groups are very close to the

11

for five year groups. In addition, it is significant to note the

111 estimates of

sizes of age and coverage errors indicated. These

ference indices

- 6.0 for males and 9.8 for femalesl!

errors have a good agreement with the low digit pre

calculated for the 1966 census

The slight deviation of the error factors from unity is a reflection of

Islands for decades

good vital registration system that has evolve

estimates of age and coverage

Besides, Table 5.11 displays much smaller

which imply an appreciable improvement

errors in 1956 and 1966 than in 194

in the quality of age data in the more recent censuses of the Fiji Islands.

Furthermore, it is useful to examine the patterns of age and

cen as displayed in Table 5.12. The Table

coverage errors in Fiji

exhibits under-reporting in the youngest five year age group followed

ars for both sexes. Then, for males

by the over-reporting from 5-15 ye

under-reporting is indicated for the 15-19 age group, whilst the females

1. See: "Report on the Census of the Population, 1966", The Colony of Fi

Government Printer, Suva, Fiji, 1967.
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TABLE 5.11: Comparison of estimated factors of age errors from 5-year

and 10-year age groups of Fiji Populations

946 1966
s-yr . S-yr__10-yr
T35 ogs TIE00 )
1.044 1
BTG oont M40 31 JBadt MO 55 oy
992 .997 1.002
AT piote efd g, Jaby I gpy
1.015 974
30-34 996 3, ose
haz21
}1.042 1.065 3 os1
996
}1.027 1.107 3, o032
905
} 578 =208 e
.705
Age
1946 7 1966
GrouP  s-yr lo-yr © _10-yr _S-yr lo-yr
Gl T s DI S LR
5-9  1.033 1.020 1.007
10-14 1,046 3, 010 1.031 3y g9 1.016 ) oo
15-19 .97 1.005 1.034
20-24 1.098 )1 0 1.068 )1 ou0 1.038 ) o1g
25-29 1.042 1.018 994
-34 1.068 .04 .o14
R TR L SR PR S 5
35-39 954 983 1.013
40-4h 1.069 ) oo 1.048 ) oo, 1.028 4y o5
4549 .919 946 974
50-56 999 ) .0 1.026 ) g¢p 1.055 ) gg5
55-59  .914 913 913
60-64 8L oo 915y oy 1.033 ) g5
65-69  .966 .900 .837
70-76 2541 ) eg 628§ Lo 730y g3

75-79  1.586 1.169 .862




TABLE 5.12: The Estimated Factors of Age and Coverage Errors for
Male and Female Populations of the Fiji Islands
Age 1946 195¢ 1966
Group Males Females Males Females Males Females
0-4 .939 .955 1.015 +959 E
529 1.044 1.033 .98 1.007
10-14 987 1.046 1.049 1.016
a77 1.002 1.034
1.098
1.042
1.068
954 .983 1.015 1.013
1.069 1.050 1.048 .990 1.028
919 1.093  .946 1.092 .974
.99 1.090 1.026 1.065 1.055
914 .96 .913 .99 913
811 1,252 915 1.107 1.033
966 .799 .90 .905 .837
41 841 .628 911 .70
1.586  .555 1.169 .705 .862




are over-reported over the 20-35 age range. Some compensating errors are

seen in the female age structure between 35 and 70 years in the 1966

re shown to be under-

census. Contrary to the expected pattern, males

th a general picture

reported in the advanced ages. In both sexes,
of progressively systematic age errors implying deterioration of the
is necessary in the

quality of age data with higher ages. However, care
interpretation of Table 5.12 because of the heterogenous nature of the

population of the Fiji Isla

i Application of the method was made to the censuses of 1950,

Mexic
1960 and 1970. As in the case of the Fiji Islands, he results for

of consistency, The estimates of ten year

Mexico display a high degree
age grouping are very close to the corresponding averages of the five-

year age grouping - see Table 5.13. In addition, the deviations of the

factors of errors from unity are estimated to be small, mainly because

Mexico has had a long history of fairly reliable systems of vital
registration. However, the estimated age and coverage errors are higher
£n Mexico than in the Fiji Islands, possibly because the census takers
had a more formidable task to deal with the much bigger population of

Furthermore,

exico than with the smaller population of the Fiji Islands.
Table 5.13 shows smaller estimates of errors in most of the age groups,

especially in the older ages, in the more recent censuses. This implies

lity of age data over

that there has been a marked improvement in the qu.

the last three censuses.

Table 5.14 shows a remarkably similar pattern of age and
coverage errors in Mexico at the 1950, 1960 and 1970 censuses. Firstly,
the age group 0-4 is shown to have been under-enumerated, probably due to

omissions and small errors in more recent censuses. Secondly, more
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TABLE 5.13: Comparison of the estimated factors of age errors from

5-year and 10-year age groups of Mexican Populations

Age 1950 1960 1970
Group 5-yr 10-yr S-yr 10-yr S-yr lo-yr
WALES 04 .92 79475 536, 931 .08
-9 1.035 1.026 1.017
10-16 1.0y a4z 1:087 34 gye 1o11834 oco
15-19 1.016 .993
9533 1,017 %1} Lo 7%} .gs6
25-29 1.093 1.012 937
30-34 9691, cug 963 193l s
35-39 1,147 1.12 1.099
ek 10303 gont (990 gor  IBET ge
45-49 969 1.005 1.043
308 1-08338 [age B2 Y. Lozl PR oga
55-59 743 836 90
60-64 1.378} ¢ 1.2033 gon 1.050) g0
65-69 .625 «770 .949
70-76 1,604y g1y 1310} ggu 122331 2o
75-79 1.541 .708 .926
Age 1950 1960 1970
Group 5-yr_10-yr r _10-yr r lo-yr
FEMALES 0-4 <928 4 974 $943 ) g3 .957 } .992
59 1.032 1.005 .98
1p=148 1030031 | A loaTRy s ous N1s0RS 6 Lo
15-19 1,100 1.05 1.009
20-24 1.096 ), 00 1,085 )y o 1.074 ) g4y
25729 1.149 1.084 1.023
3034 M S8o8 oAy 1+2T1 0, 025, #0323 oo

35-39 1.136 1.120 1.103
40-44 1.002 )

947 .950 954
45-49  .908 .953 999
50-54 967 y go3 948 ) gu 929} gy¢
55-59  .657 758 .873
60-64 1.089 } g0 1.030 ) g0 974} g5
65-69 540 .691 .884
70-74 1.007 } g, 1.014 ) gg, 1.021} g5

75-79 467 .630 .851




TABLE 5.14:

The Estimated Factors of Age and Coverage Errors of

Male and Female Populations of Mexico

Age 1950 1960 1970
Group Males Females Males Females Males Females
0-4  .921 .928 .947 .943 .973 .957
5-9  1.035 1.032 1.026 1.005 1.017 .978
10-14 1.061 1.030 1.087 1.057 1.114 1.085
15-19 1.014 1.100 .993 1.054 .972 1.009
20-24  .953 1.096 .961 1.085 969 1.074
25-29 1.093 1.149 1,012 1.084 .937 1.023
30-34  .969 .983 944 .971 921  .959
35-39 1.147 1.136 1.123 1.120 1.099 1.103
40-44 1.030 1.002 .990 .977 .952 .953
45-49  .969  .908 1,005 .95 1.043 .99
50-54 1.085 .967 1.016 .948 .951 .929
55-59  .743  .657 .836 .758 941 .873
60-64 1.378 1.089 1,203 1.030 1.050 .974
625 691 949 884
1.404 1.014 1.223 1.021
L5641 630 926 .85
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compensating errors are noticeable in the middle range of ages of both

sexes which indicate substantial transfers of populations over age group
borders and erratic errors. Next, women are shown under-reported in
older ages while men are over-reported in some of the old ages. This is

a common feature of age data where females want to appear younger while

males like to appear older for social reasons. In addition, age and cover-—

age errors are indicated to be progressiwly higher with older ages, imply—

ing that older people have poor memories. Lastly, in older ages in

males, age groups including digit O have a tendency to over-statement,

e groups including digit

while under-statement is found in a
phenomenon that underscores the belief that older people favour reporting

ages ending in O more than any other digit.

Shorter methods

Comparing results from the three censuses and Demen

It is useful to compare the results of our method with estimates

derived by the Demeny-Shorter technique, To do this we shall use some
5.6 and compare them with

1/

Tables 5.3 and 5.6,

of the results of our earlier example in Table

those in Table 5.3. The necessary estimates from

namely the correction factors for 1955 and 1960 censuses obtained by the

Table 5.15.

Demeny-Shorter and our method, are given

It is notable that the correction factors from the two methods
are reasonably close in many age groups. This implies that if ome of the
methods gives good estimates, the results from the other are also plausible.

In addition, the correction factors of the Demeny-Shorter technique in most

n as one of the two corresponding

age groups are in the same directi

correction factors from the three census method. Thus, the patterns of

Note that the correction factors from the three census method shown in

Table 5.15 are the reciprocals of the l+a; and 1+8; in Table 5.6.




149,

TABLE 5.15: Comparison of Correction Factors obtained by Demeny-Shorter

and three-census methods from Turkish Female data of 1955

and 1960 censuses

CORRECT
Age DEMENY-
Oroup SHORTER =

METHOD 1955 1960
04 1.039 997 1.033
5-9 .976 954 935
10-14 1.020 1.007 996
15-19 1.047 1.000 1.033
20-24 1.002 989 957
25-29 .937 924
30-34 .960 1 .975
35-39 998 2. 1.060
40-44 941 L 1.058
45-49 1.236 272
50-54 921 977
55-59 1.247 1.261
60-64 719 778
65-69 1.164 1.156
70-74
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This is hardly

age error disclosed by the two approaches are similar.
thod verifies that

surprising since the application of the three census
the age errors in 1960 were much the same as the 1955. The Demeny-Shorter

.+ If this was not the

assumptions are, therefore, reasonably accurate

case, then much bigger discrepancies would have arisen.

Conclusion
sal of the assumptions of the

In this chapter, a critical appra

bility to African data and

Demeny-Shorter method in regard to its appl

to its flexibility has been made. The study made shows that the Demeny-

mine age data from African

Shorter method is not flexible enough to exa
countries, which have had different demographic experience and census
intervals from those of Turkey. Even with Turkish data the results obtained
are sensitive to changes in coverage at successive censuses. Although
taking censuses in pairs from a series may give reasonable estimates if

changes in age errors occur slowly, such a procedure does not make full

use of the information.

An attempt to use a more flexible and suitable method has been

made by introducing a three-censuses analysis. This method depends on

WO Of the three assumptions made by the Demeny-Shorter method, namely the

lected model life table and correct enumerated total population.
Firstly,

Hovever, the three-census method has several disadvantages.
like the Demeny-Shorter method, it depends on a selected life table which

introduces some rigidity in its operation and results, although the chosen

survivorship ratios have to be reconciled with the observed ratios.

Secondly, the technique involves many more computations than the two

census Demeny-Shorter method. This, however, is no longer a serious

problem with the advent of modern electronic computers which do the work

in a matter of seconds. Thirdly, at present, applicability of the method

0 data from developing countries is restricted to a handful of countries




151,

and it is academic in African situations. This is because the method uses

data from three censuses which must be of equal intervals, preferably

of five or ten years.

Nevertheless, by replacing the Demeny-Shorter assumptio

constant error by regular chawg® Of error at successive censuses, the

three-census method is likely to be more realistic. This follows from

the many attempts made by census organisers in developing countries to

reduce errors by adopting better methods of data collection (as already

reported in Chapter 1). Furthermore, it is significant that the results

of the three-censuses method, when applied to a series of Turkish censuses,

are highly consistent in the younger age groups; when applied to the

Fiji Islands and Mexican data, the results agree closely with evidence

of these encouraging results, it is hoped

from other studies. In vi

ted and found useful as more censuses with

that the method will be te

smaller errors are conducted in developing countries which are experiencing

4 rapid improvement in social survey method
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CHAPTER SIX

O_SUCCESSIVE CENSUSES

DISTRIBUTIONS FROM

ESTIMATING AGE

Introduction
A "true' population age distribution reflects past real fluctuations,
With accurate

ortality and migratic

namely variations in fertility,
information on real fluctuations, a true population age structure cam,
owever, this

ping ¢

therefore, be estimated. In most deve

to absence of complete vital registra-

accurate information is lacking due
vertheless, methods that derive true age distributions by

tion data.
using age distributions observed at two successive censuses have been

evolved.

of this kind was developed by Paul Demeny and

A notable method
Frederic Shorter (1968) in their study of Turkish six quinquennial censuses.
The Demeny-Shorter method uses life tables survivorship ratios to relate
the age reports of successive censwses. The method is difficult to apply
to data from developing countries because of possible large international
migration and big ctinges in coverage. In addition, where there are great
doubts about the level and pattern of mortality, the introduction of an
estimated life table may cause more distortion in the ages. A simpler

method based on the same idea may be justified.

method which uses percent age

In this chapter we shall present a
distributions from two successive censuses in order to estimate real
fluctuations. The derived real fluctuations will then be used to estimate

uses. This technique will be

the true age distributions at the two cen
presented in three forms:- (i) to utilise data collected at five-year
(ii) to use ten-year interval census data;

interval censuses




(iii) to derive single year real fluctuations reported at five or ten

year interval c

The method of percent age distributions of two censuses

e made in the method. They are, firstly, that

Three assumptions a

the underlying smooth structure of the age distributions that would result

if erratic time fluctuation and coverage of age errors were eliminated

secondly, that the age and residual

is unchanged between the two censuse
coverage errors are the same at each census, that is, excluding any
Pproportional coverage change which is common to every age group; thirdly,

that there is no migration in the intercensal period.

Taking percentage age distributions of two consecutive censuses

ve have:~
Age group i Census A Census B
1 S‘(lok‘)(hL‘) st(l')x)(hL‘)
2 S, (ve ) S, (144 )) (19e,)
3 840100 ) Qlec ) 85C140) Qac
" . 3 vee(6.1)
n 5,(0) (v ) S, (A (se )

are smooth age structure;

are real fluctuations in age distributions

that are due to fertility, mortality and migration; and

» €q are age and coverage errors.

€10 €0 Egpenecns

Let = $;(1;)(1+¢;) ie. the reported percentage of the

age group i to the total population in Census A - first census




By = 5, (1eA,

1) (%€,) ie. the reported percentage of the age

group i to the total population in Census B - second cunsus.

Dividing A; by B; givesi-

- A/By

A/ Ay

p = A/By = AN/

- = ae/as
Ry = A/By WA/ (Ary)

srae s (542)

Ry= AUBL = AR )/An )

-1

since (1+¢,)'s cancel out.

Successive multiplication of the R's yield

Tt Ry s D/

= (193,)/43)

= (1#A)/ )

St A G

Hence:-

Ay = mae

. (6.4)

A = (e

154,
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vhere (1+1) is the real fluctuation in the youngest cohort of the
latest census under consideration. Thus, the true fluctuations are
expressed in terms of that for the lowest age group. These fluctuations
provide the evidence required for studies of changes due to birth mortality
and migration variations. In particular at younger ages birth trends may

be detected.

Now, to reconstruct the true age distribution the S, 5,, S,

are determined by some smoothing process. Thus:
g8 "
ST T P L Py T S TSt e 6.9

Since £8 is 100% , 1+ can be determined. Then we use equation in (6.4):

AN = man). The 'true' distribution is estimated by:

5;(141;) and §, (1}, ) for censuses A and B respectively, where

., n age groups.
Therefore, re-stating equations in (6.1) without the error

component gives us:-

Age group i Census A Census B
1 s 00)) 5, )
2 S,(191) s,(00))
3 5,01 $,(10
n S, (1) S,

s a schematic representation of the estimated 'true' age distributions

of censuses A and B.

On the assumpei,
Ption cha
B~ faag)e "

“re due to age errors and therefore
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6.3. The Period-Age Interval Method Applied to Five-Year Intercensal Data

The computational procedure in the above method is illustrated in

Table 6.1 where an example of Turkish female age data in 1955 and 1960
censuses is given. The procedure is easy to follow from the example and
need not be described here, except to mention two steps: first, the
amooth age structure in column 5 is located by e = 63.5 and T = 2.52

from the South family of model stable population distributions in the

Coale-Demeny Regional Tables (1966) in accordance with Coale-Demeny
(10 and 11) of Table 6.1

procedure (1967); secondly, the last two columns
100. The computer

display percent distributions adjusted to make a total of
program for the entire calculations is in the Appendices.
(a) Importance of estimating A

As can be seen in column 7 of Table 6.1, the estimation of A; is
t be

important, even if the S, (underlying smooth age structure) cann
easily estimated, in that A gives the estimated changes in the underlying
smooth structure that are due to the past variations in the levels and
patterns of fertility, mortality and migration. Since, in the absence

of catastrophic events, such as vars, famines and epidemics, effects of
changing mortality compared with fertility on the age structure of human

populations are small”, the value of A; represents the changes in birth
rates , or at least the balance of the mortality and fertility effects
where fertility effects are predominant.

bireh variations which may have an appreciable influence at ages beyond

Migration fluctuations simulate

childhood. Because the underlying smooth age structure has fixed

Coale, A.J., "How the Age Distribution of a Human Popula-

For proof s

Cold Spring Harbor Symposia on Quantitative Biology,
Concept of Stable

tion is Determined",
Vol XXII(1957) pp.83-99; or Bourgeois-Pichat (1968), "Th

Population, Application to the Study of Populations of Countries with Incomplete

Demographic Statistics, Population Studies No.39, United Nations, New York.
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fertility and mortality schedules, the pattern formed by the (1ed,)'s

indicates the trend of real fluctuations (mainly in birth rates ) prior
to the censuses used. Thus, by comparing adjacent values of 14k, , it

is possible to indicate the direction of the changes. A bigger value

means a higher birth rate while a smaller value implies a lower rate

(including "late" births from migration). For example, in column 7 of

the values of 1+) calculated for periods 1955-60, 1950-55,

Table 6.
1945-50 and 1940-45 are .9945 , 1.0332, .9602 and .8077 respectively.

These estimates suggest that the order of highest to lowest rates ig
1950-55, 1955-60, 1945-50 and 1940-45. However, it should be pointed out

that this interpretation of (1+A;), in terms of changes in birth rates

only, becomes less meaningful with advanced ages because of accumulated

igration. Further discussion of the

mortality effects and the impact of

importance of A, especially in terms of specific countries' demographic

experiences,is provided for Turkey and Malawi below.

(b) Turkey

Turkey's long serles of caken at five year

successive censuse

intervals between 1935 and 1970 provides very suitable data for our study.

Tables 6.2 and 6.3 show estimates of real fluctuations in Turkish male and

female age distributions, respectively, at quinquennial censuses of

e tables show that the method yields

1935-1970. An examination of thes
quite consistent estimates of real fluctuations for the same rates.  The
estimates from male data are very close in values and similar in pattern to
the results from the female data. This rather close agreement suggests a
sults from the method. The odd values

fair degree of reliability in the r
shown in the Tables obtained from the 1940-45 period are no surprise , as
the Second World War disruptions of normal life, to which Turkey was no

exception, resulted in poor quality data collected at the time.
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TABLE 6.2: Estimates of Real Fluctuations of Succ

Time Periods

From the Period-Age Interval Method - Turkish Males
Period
Group of
in 1965- 1960~ 1955- 1950- 1945- 1940 1935 Fluctua-
1965- 1970 1965 1960 1955 1950 1945 1940 tioms
1970
0-4 1.012 1965-70
5-9  1.042 1.022 1960-65
10-14 1.067 1.074 1.023 1955-60
15-19 1.027 1.037 1.070 1.009 1950-55
L948  .962 1.004  .937 1945-50

846 .881 .89  .869 1940-45 World War 2

174 1.000 1935-40

905 .980
35-39 1.178 1,195 1.202 1.176 1.126
40-44 1.174 1.219 1.169 1,119 1.036 1.287 1.116 1925-30
45-49 1,033

.994 1.002

310 1,162 1930-35

.987 .92l 1.080 .896 1920-25 War of Indep.
50-54 817
55-59 1.212
60-64 1.200

803 .683 .761  .680 1915-20 World War 1
1.235 1.064 1.141 1.094 1910-15
1.188 1.047 1.023 1.120 1905-1C

65-69 1.267 1.315 1,149 1.055 1.193 1900-05

70-74 1.121 1.178 1 .961 1.106  1895-1900
75-79  .809  .894  .923  .900 271 866 1890-95
776 799 846 717779 1885-90

.809 895 781 .799 1880-85

817 .B00 .788 831 1875-80

932

.862 1870-

978 1865-70

1.209  1860-65
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TABLE 6.3: Estimates of Real Fluctuations of e Time Periods
From the Period-Age Interval Method - Turkish Females
Age Period
Group of
in 1965- 1960~  1955- 1950~ 1945- 1940- 1935- Fluctua-
1965- 1970 1965 1960 1955 1950 1945 1940  tioms
1970
0-4 .97 1965-70
5-9  1.003 .989 1960-65
10-14 1.020 1.023 .99 1955-60
15-19  .970 .993 1.032 .99 1950-55
20-24  .837  .933 .960 .908 .970 1945-50
25-29 .796 .817 .808 .817 .850 .972 1940-45 World War 2
30-34  .906  .922 .954 .920 .952 1.080 .968 1935-40
35-39 1.040 1.056 1.079 1.075 1.057 1.151 1.088 1930-35
40-44 1,010 1,053 1,077 1.071 .981 1.110 1.057 1925-30
45-49 877 .876 .918 .B95 .778 .871  .867 1920-25 War of Indep.
50-54  .739  .807 .799 .821 .714 .683  .657 1915-20 World War 1
55-59  .978 1.0644 1.038 1.065 .945 .815 .885 1910-15
60-64 1.036 1,141 1.129 1.160 1.017 .871 .985 1905-10
65-69 1.114 1.150 1.176 1.242 1.063 .895 .963 1900-05
7074 1.066 1,203 1.129 1.008  .891  .942 1895-1900
75-79 1.051 1.046 1.089 1.035 .856 .917 1890-95
1.038 1.012 1.274 .973 .B59 .905 1885-90
1.019 1.292 1.055 .892 .911 1880-8!
1.185 .955 .875  .892 1875-80
1.027 .836 .882 1870-75
860 852 1865-70

1860-65
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Furthermore, it is satisfying to note that the estimates of real
fluctuations agree well with what is believed to have happened to fertility

in Turkey since early this century. Both Tables 6

and 6.3 and Figure
6.1 suggest that substantial declines took place in fertility during the

var periods, which were from 1915 to 1920, when T

rkey was a major ally of
Germany in the First World War; 1920 to 1925 when Turkey was fighting the

War of Independence, and from 1940 to 1945 - the S

cond World War period.
In addition to the Second World War influence, the depressed estimates of

1935-50 are largely a result of the law pvpefims in the carly reproductive
age group,

which are traceable low birth rates

to the of 1915-25 war

period. This depressing influence of the 1915-25 wars on birth rates is

repeated at later periods, namely 1960-70, though to a lesser extent.

Besides, the estimates in Tables 6.2 and 6.3 and Figure 6.1 show higher
birth rates in the pre-war and inter-war periods (before 1915 and betwee:
1925 and 1939 respectively), than in the war period. Also suggested by

the Tables and graph is a near constant fertility level in post-war Turkey

(between 1945 and 1960) and a slight decline in the level during the 1960s.

When smooth age structures are subjected to the estimated real

fluctuations, 'true' age distributions are derived. These estimated age-sex
distributions for pairs of successive censuses in Turkey, 1935 to 1970,
are given in Tables 6.4 and 6.5. For all except the end years there are
thus two adjusted age distributions. These Tables show estimates which are
close for the same age groups in the same year for th

two attempts,

thus
reflecting the close agreement of the real fluctuations estimated for

particular periods in Tables 6.2 and 6.3.

In addition, a comparison of the present method and the Demeny-
Shorter method is made by using the final age distributions obtained from

the application of both methods to the Turkish female data of 1955 and 1960
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165.
TABLE 6.6: A comparison of the corrected Age Structures obtained by
the application of the Period-Age Interval Method and
Demeny-Shorter (D-S) method to Turkish

data of 1955 and

female pop
1960 censuses

slation

Age 1955 1960
Groun our -5 Our -5
Method  Method Method  Method
o-4 15.92 16,50
12.89

75+ 1.24 1
TOTAL  100.00  100.00

100.00  100.02




censuses. Table 6.6 is formed by use of the percentages of the Demeny-

Shorter results and the final two columns of Table 6.1. It is clear from

Table 6.6 that the patterns and levels of results from the two methods

are i

close agreement. For instance, both the estimated true age
distributions show deficiencies in the age groups affected by louc

birth

traceable to war. The patterns and levels of the results

from the two methods agree,

(e) Malawi

The only African country that has carried out two large

scale

demographic inquiries at an interval of five years is Malawi. The

inquiries are the 1966 census and the 1971-72 national sample survey.

Although the second inquiry was not as well organised as the first one,

it is useful to utilise the data in order to assess how the method

proposed here works in an African situatior

The estimates of real fluctuations and age distributions for

Malawi's males and females are shown in Table 6.7 and Figure ¢

is worthy of note that the estimates derived for young ages (up to age

25) for males and females are close. L

ddition, the patterns of the

estimates for the two sexes as shown in Figure 6.2 are strikingly similar,

For both sexes, the pattern of the estimated £luct

ions points

to decreased birth rates from 1921 to 1926 relative to the preceding

periods, followed by a rise between 1926 and 1931. The period 1931 to

1946 shows a steady fall in birth rates followed by an increase from 1946

to 1966 and then a decline in the 1966-71 period. This pattern is also

reflected in the estimated age distribution:

The remarkable similarity

between the males and females estimated seems to be a measure of high
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TABLE 6.7: Results from the Period-Age Interval Method for Malawi
at Surveys of 1966 and 1931
e RevoRies v
Bt el s DISTRIMTIONS
T 7 5 : -

= To.14 o8 17.07
-9 15,05 W13 1eees
-6 1137 0.0 12031
1519 10.02 9.05  9.10
2026 7.11 o 7.8
25-29 6.95
3034 5.27 7.01
33-39 5.57 616
P 3,64 5.86
4549 4.3 364
s0-54 2.89 3.62
53-59 2.9 2.16
sor 602 6uy 402 0.988 3.63

oML 100,01 99,58 100,00 120,00 100,00
R WeroRTED swoorn

Gt 196 197 sucTuRs s
; 7 5 5 1
o4 07 To.89 T6.60
5 14.20 13,40 14.91
1014 9.9 .67

15-19 10.30

20-2 8.93

25-29 7.67

30-3 658

33-39 5.62

w0tk

45-49

50-54

55-59

60+
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consistency of the results by the method. However, because of three factors

it is very difficult to determine the degree of plausibility of the estimates
on Malawi : first, the Malawi 1966 census is believed to have been better
conducted than the National sample survey of 1971-72, and thus the

patterns of age and coverage errors at the two surveys were probably

different, contrary to the assumptions of our method; second, unlike the

results from the Turkish censuses, it is not possible to compare the results
of the 1966 and 1971 surveys with estimates from earlier surveys in order

ults; thirdly, Malawi had a big

to ascertain the consistency of the ry

the country as labour migrants

proportion of the male population outsid:

in Southern Africa at the time of the two surveys. levertheless, the

estimates for younger ages look plausible.

The method extended to use ten-year inter-censal data

es in the developing (or even developed) world

Very few countr

are as fortunate as Turkey in having quinquennial censuses. Many

developing countries have conducted censuses at an interval of ten years,
and the form of the method described above can be applicd to decennial

censuses and data by ten year age groups. With the same calculations as
in Table 6.1, the method is applied to the ten year group age data of

decennial censuses of Fiji, Ghana, Mexico and Mauritius. The results given

in Table 6.9 will be discussed later in the section. However, for the

purpose of tracing birth and/or migration fluctuations, a ten year unit is

a broad and gross measure. Methods of splitting the ten into five year age

group estimates have been considered elsewhere , but they depend on

For instance, splitting methods were suggested by Carrier, N.H. and

Farrag , A.M. in their paper: 'The Reduction of Errors in Census

icall Countries'. Population

lati for

XIII. 3 (March 1959).
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smoothness assumptions which would be contrary to the present purpose.
In order to astimate a true age structure in five year groups, of
decennial censuses, a suitable extension of the method is suggested below.

(a) Using five year age groups of

Decennial census

Let us, as before, consider reported age distributions of

censuses A and B.

Ten year age grou Census A Census_b

1 nel L. sty ey aeeld
A s a l)(l I) B b‘U ) (1+4) (1 1)

. T W@ @) G »

1 1 s e A
= SR (e By = 5)(1AA]) (Lee )

LoDl R - 910D )

spanbaed sl stanl Hasel

- Lan®

R - Ban® e

DD

where we are retaining (1+A) as the first ten year birth fluctuation

allovance and introducing (142%) and (1-A*) to describe the deviations in
the five year groups from the 1+A. Superscripts 1 and 2 refer to five
year cohorts 1 and 2 of

a ten year a

group indicated by a subscript.

Other notations are the same as in Section 6.2,
%)

Movstalin) S il o s Tl
an®yas
142}
1 1,1 2
Ry AZ/“L - T
H H o
H H .
14X
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Similarly: R

Successive multiplication

"
1
1
",
1
"
Hence anl) -
1
1
and -
anly -
Likewise ® -

1+ (1=A%) (1+1)

@,
" an@)
ey
H tereeed(6.9)
1@
l.An-l
3 an®) as)
1
1
- R‘,Kl =
2 a*) )
i . ++(6.10)
1 l‘An

antan)y

Lear
TN e

Tan*) an)

i Ry (et

mhan® an)
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a=%y ey

19

a=*) e

toesen(6.12)

()

=A%) (1ea)




e

199 - Ba-han

19@ = Ba-r*an)

(6.13)

an® = Ba-at as

Summing up (w’)) ve get:

ik

(1.;{) = anhasg, : e (V05

4B - aanamg, R O

uming that the true fluctuations are unsystematic over time with

the resule that 2 0 and Z)®  are very small compared with

ve equate equations (6.14) and (6.15)

A% asr) = aaham i@ 616

The (1+)) cancels to give the solution of A* and hence, the estimated

true age distribution is obtained as before.

(b) Applying the Extended Method to Empirical data

The procedure for calculating 193] from the extended method is

illustrated in Table 6.8, where it is applied to Ghana female data of

1960 and 1970 censuses. The computations are basically the same as iu the

period-age interval method (in Table 6.1), except that care has to be
taken in the chaining of two different cohorts (R{) separately in order
to find ) 's and 1M 's. Purchermore, the extended method has been
applied to a variety of age data from different regions of the developing

world. The countries whose data have been used are Ghana, Mauritius and
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fexico from Latin

Uganda from Africa; the Fiji Islands from Oceania;

America and Turkey from Southern Europe and Western Asia. The results

from the applications are shown in Tables 6.9 to 6.17 and are discussed

below.

The application of the extended method to Ghana's data is shown
in the example for females (Table 6.8) and other results of the applications
are in Tables 6.9, 6.10 and 6.11 . As can be seen from Table 6.9, che

estimates of (1+1;) in ten year age groups are bigger for the 1960-70

than for the 1950-60 decade of births and for the 1950-60 decade than

over the

1940-50. This could imply that the birth rates increas
1940-70 period in Ghana. However, on the basis of five year age groups,

Table 6.9 shows erratic estimates, indicating smaller birth rates for

cohorts 1945-50, 1955-60 and 1965-70 than for the adjacent five year periods.

While it is possible for birth rates in Ghana to have increased and
decreased in alternate five year periods due to irregular influences in the
past, more plausible explanation is probably given by one or more of the
following factors. Firstly, at least for the 1960-70 decade, the big
difference between the political climates of the 1960-65 and 1966-70
periods may have led to real variations in the birth rates. The big
upwards fluctuations estimated for the period 1960-65 (1.085) relative

to 1965-70 period estimate (0.895) is, perhaps, a true reflection of what

happened in Ghana in 1960-65 when Kwame Nkrumah was leading a strong,

confident and stable government and in 1966-70 when there was a disturbed

situation consequent on military rule after the coup against the civilian

government. Secondly, it is possible that a spurious saw-tooth effect
bas been introduced by the way the method has been extended. The assumption

that the overall deviations in the summed series are small may be invalid.
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TABLE 6.11:

i

A comparison of the corrected Age distributions obtained
by the application of the Extended Method and Demeny-

Shorter

(D-5) method to female population
and 1970 censuses of Ghana

ta

of

the

1960

Age 1960 1970
Extended  D-! Extended  D-S
L Method  Method  Method  Method
18.82 18.64 17.14 17.16
15.31 14.33 16.87 15.78
10.86 10.91 12.66
9.81 9.46 10,36
8.79 7.85
7.80
6.64
5.85
4.93
3.83 3.93
3.05 3.20
2.25 2 2.35
1.73 1.57 1.73
.90 1.08 1.13
.57 .62 .65 a2
w3 .27 62 .30
TOTAL  100.00  100.02 99.99  100.00




racteristics found.

A substantial error in this assumption could give the

effects due to digit preference (already discussed

Thirdly, the imbalance
in Chapter 2) between series of age groups 0-4, 10-14, etc., on one hand

19, etc., on the other, might have by changes between censuses,

and 5-9,
injected a further saw-tooth deviation. Fourthly, the large scale

1960's has a

expulsion of aliens by the Ghanaian government in the late

distorting effect on the 1970 original census data, which is not adjusted

requisite information. It seems likely that

for because of lack of

downvard fluctuation for the

this accounts for much of the apparen

1940-50 birt cohort. It should be noted, however, that deviations

0 are real

t from 1960

caused by miyration effects which pers

fluctuation and properly form part of the Ag

However, it is noteworthy that the true percent age distributions

estimated by the extended method for Ghana show a plausible picture. As

can be seen from Table 6.10, the patterns of the corrected age distributions

for males and females in 1960 and 1970 are more regular than the reported
distributions. Furthermore, a comparison of the distributions estimated

by the extended method and the Demeny-Shorter technique (see Table 6.11)

shows that the results for Chana females from the two methods are close

both in level and pattern. This close agreement is partly the result

Never—

of the similar assumption about age and residual coverage errori
theless, it illustrates that the simpler procedure which eliminates the

assumption about constancy of overall coverage and the need to estimate

mortality can work equally well.

of the extended method to Uganda

The results of the applicati
data of 1959' and 1969 censuses are shown in Tables 6.9, 6.12 and 6.13.

The estimates of the real fluctuations for ten-year age groups shown in
1. The £
oolfote on page 123 equally applies here, namely that the results of

the application of the my-Shorter and the
extended methods are affected
:;s;h bias arising from the use of the interpolated data of the Uganda




4 substantial error in this assumption could give the characteristics found,
BUiRdly, ke imbalanced sEfacts due to digit prefesance (slready dissusbed
in Chapter 2) betueen series of age groups 0-4, 10-14, etc., on one hand

and 5-9, 15-19, etc., on the other

» might hav chang,

between c

use

injected a further saw-toot

iation. Fourthly, the large scale

expul

ion of aliens by the

amaian gover

late 1960's has

a

Eoceing effect on the 1970 original census data, which is vot adjusted

for because of lack of the requisite infor

It seems likely that
this accounts for much of the

the apparent downward fluctuation for the

1940-50 birth cohort. It should be

noted, however, that devi

caused by migration effects w

hich persist from 196¢ are real

£luctuation and properly form part of the

However, it is noteworthy

true

reent age distributions

estimated by the extended method for

plausible picture. As
can be seen from Table 6.1

corrected age distribut

for males and females in

ore regular than the reported
distrivutions. Furthermore, a comparison of the distributions estimate
by the extended method and the Demeny-Shorter technique (see Ta 1)
shows that the results for Ghana fema the two methods are close

both in level and pattern. This close agreement is

of the similar

ssumption about age and residual covera

theless, it illustrates t

at the simpler procedure which el

assumption about constancy of overage and the nee

mortality can work equally well.

The results of the application of the extended mathod to Uganda

data of 1959 and 1969 censuses are shown in Tables 6.9, 6.12 and 6.13.

The estimates of the real fluctuations for ten-

d year age groups shown in
. e on page 123 o namely that the results of
o nded methods are affected
%

'y-Shorter and the exte,
©f the interpolated data of the Ugand,

arising from the use
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TABLE 6.13

Comparison of the corrected age distributions obtained

by the application of

shorter (D-S)

and 1969 Uganda Census

ati.

n data of

the Extended Method and the Demeny-
method to female popu

the 1959

Age 1959 1969
Group  Extended Extended  D-S
Method  Method  Method  Method
17.56 18.50 20,19
1.21 14,17 13.28
11.28 11.19 12.00 11.80
8.37 9.79 .37
9.06 8.33 7.39
6.3 6.90 6.36
7.47 6.37 5.38
5.51 5.56 4.6
6.53 5.25 4.06
4.70 4,45 3.50
4.02 3.02 3.18
3.62 3.26 2.60
60-64 1.90 1.37 1.66
65-69 1.55 187 1.83 1.60
70-74 42 .31 .80 .58
75+ .46 .16 .65 .43
TOTAL  100.00  100.00  100.00  100.01




Table 6.9 indicate three basic phaseu: a phase of big cohorts relative

to population growth from 1885 to 19

. followed by a period of sharply

reduced birth rates from 19

to 1959 and then a much recovered birth
rate in the 1959 to 1969 period. A basically similar pattern of past

birth cohorts is mai

rined by the estimates for the

ve year age groups.

It is clear that these esti

ates in Table 6.9 are not representative
of the past birth rates in Uganda. For instance, the events of the 1950s,
namely, improved medical services, a booming cconomy due to the high coffee

and cotton prices, and the political stability despite the exile of the

Kabaka of Bug

nda (1954=5), are not consistent with a lowered birth rate

followed by a sharp increase. Besides, there no

son to suppose tha

the pre-1930 period was characterized by/imnensely high birth rates

implied, although knowledge about demographic histor:

of Uganda before
1930s is shaky. It is clear that the estimates have been dominated by
the influence of large-scale migrations to Uganda in the 1950s and 60s,

especi

1ly the political refugees from Rwanda and Zaire. The

ferentials

in coverage between the 1959 and 15

5 censuses were appreciable - the
1959 census did not cover all the parts of Uganda and was less sophisticated

than the 1969 census. Different

coverage by age at the two censuses
might have had an effect additional to migration. Migration changes
8 & & 8

could not be

djusted for because of lack of the requisite data.

The corrected percent age distributions for Uganda are shown in
Tables 6.12 and 6.13. It can be seen from Table 6.12 that the pattern
of the corrected distributions is irregular, a reflection of the estimated
real fluctuations in Table 6.9. This irregularity is displayed more

clearly in Table 6.13 where age di

tributions of f

nale populations from
the extended method are compared with the more regular estimated distri-

butions from the Demeny-Shorter approach. It is difficult to find out
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which of the two methods produces the more plausible estimates, because

of the lack of sufficient knowledge a

the demographic past

ganda,

but the Demeny-Shorter results are the more plausible. Since several of

the assumptions of hoth approaches

re seriously contrad

conclusions can be drawn.

FLJI ISLANDS, ISLAND OF MAUR

The results from the application of the extended method on the

Fiji Islands, the Island of Mauritius and Mexico are given in Tables

6.14, 6.15 and 6.16. The estimates of real fluctuations, especially the

ten year estimates, for the Fiji Isiands in Table 6.

, show a fairly

constant level of adjustment

ince the early twentieth century, witk

minor fluctuations

splayed in the five year age groups. Other evidence

suggests that birth rates had been relatively constant in Fiji for many

years prior to 1965. In addition,

6.9 shows ten y

ar estimates for

Mexico which indicate a gradual general increase in fertility between 1940

and 1970. The former date is preceded by progressively higher estim

tes,
indic

ing & gradual fall of birth rates. This ten year age group trend

of birth rates is slightly broken by small deviatic

hown in the five
year age group estimates. As in Uganda, the trough for the years 20 to

40 before the survey are likely to be due t

gration. The values for

the twenty years before 1970 suggest a relatively constant birth rate.

Table 6.9 also shows estinma

es for the Island of Mauritius which reflect

the drastic fall in fertility levels, in accord with the study of

Xenos (1976). A combination of increasing age at marriage and the

success of the family planning progras

in the Tsland led to a falling
birth rate with a sharp drop in 1967-72, It is particularly notable that
for this country (where the census accuracy is believed to be good,

although there is some migration which has not been allowed for) that
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the kaown birth rate trends for the twenty five years up to 1972 are

so clearly discernible.

ihe age distributions estimated by the extended method for the

Fiji Islands and Mexico are shown in Tables 6.14 and 6.15. Both Tables

show that the estimat

d distributions are regular probably plausible,

ly because the censuses of these countries were of fair quality.

Consistency of the exter

is important to examine the consistency of the results from

ation from other

the extended method by comparing them with infa

sources. Since vital registration systems have been

present for some time in the Fiji Islands, the Island of Mauritius and
Mexico, we shall use the estimates in Table 6.9 to splice the arithmetic
average of annual birth rates over the intercemsal period into two birth

rates representing five year periods.

ie birth rates obtained are

shown, together with the vital registration rates, in Table 6.16. It is

encouraging to now the very cluse agrecment between our estimates and vital

registration estimates. This comparison gives convincing evidence that
the extended method can yield quite plausible estimates of the pattern

of fertility for at least the ten year period preceding the latest census.

Another measure of consistency of the extended method estimates is
displayed in Table 6.17. The period-age interval method and the extended

method vere used to derive estimates of real fluctuations for Turkish

females before 1960. To do this, the period-age interval method was

applied to the 1955 and 1960 census data, while the extended method used
the 1950 and 1960 census data. It is remarkable that, notwithstanding
the slight differences in level, the estimates in Table 6.17 show a

strikingly similar pattern of real fluctuations. For example, both sets
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TABLE 6.17: Comparing Estimates derived by the Period-Age Interval
Method and Extended Method from Turkish Females, 1955-60
and_1950-60

Age Period-Age
Interval

Group g
ethc

10-14 +960 .955
15-19 .808 821
25 1.079 1.134
30-34 1.077 1.019

35-39 945
45~ 1.038 1.067
50~ 1.129

55-59 1 1

60-64 1.194
6569 1.089 1.140
70-74 1.01 1.215
75-79 1.019 1.076
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of estimates shov a marked fall in the relative birth cohorts in the

iods and increases in the inter-war periods.

6.5. Extension of the method to use single year age distributions
~xtenston of the method to use single year age distributions

Sometimes, corrections for individual years of age are desirable
ages

SEEasrlisxito aid studies of it¥ends in fertility. Tu che pressnc sactionms

an extension of the method described in Section

is devised to estimate

Tesl fluctuations and age distributions at single years of age. The

calculations can be made in slightly different ways.

(a) First approach

For, say, a five year census interval and one 4 ge groups, the

method as considered in Section 6.4 extends naturally to give:

a® - BuBam, *

where h =1, 2, 3, 4, 5 for single years in the jth &roup.
a® - amad® ;D
: :

where C is the same for all h .
In this derivation, the deviations, ® , are assumed to add to zero

over the first five yesr age group, that is, no allowance is made for

sbers at each individual year.

weighting the

Thus, as® .

wi zao® .
h

& el cen(6.19)
h

Elosh after. allomamondin: sis

Note thac B ;. considered
fluctuation ) in the firsc age .:;:h




(b) Second Approach

As an alternative to the first the

approach, we may follow

ed method of Section 6.4 to break down

Procedure exactly as in the exten

five or ten year grouping into single years' real fluctuations according

n of equal weighting

e assump

to the census interval. In this case ¢
for the individual years in the group is dropped.
Using the notations as before, but with superscripts like ADwhen

h goes from 1 to 5 or 1 to 10:

8- Badad
Y R S-S

1

.44 (6.20)

leads to the equation

zan® . a®® e ™ W
i

av6:2Y)

B are ail equal

for all h because it is assumed that the
the first approach.

for the same reasons as seem before ir

The extra equation needed is
.. (6.22)

;(Nkm) ok N(1+X)
£

by the method given in Section 6.2.

e e o9

W0 . fand B ()
En

then
wma zao® . Z1aa® | 4
h it
N(1+}) = uu@;(.. a2 L
5, ¢ o,

L4 C is the same for all
over the hote ser higa"ol the e assumption that fluctuations cancel out
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since (1+A) can be found by the method in Section 6.2, equation 6.25

Rtves ehe sotucton for (10D, monce, 1M can ve obeaines £rom squation

from equation 6.17 as in Section 6.5(a).

6.23, and 10D can be computed

two hes to empirical data
6.5(a) and 6.5(b)

(e) Applying the
The above two approaches described in Sections
1965 and 1970 censuses.

to Turkish female data from the

have been applied
The results obtained are shown in Table 6.18. It demonstrates that the
caleulation (in columns 1 to 10) for

tes derived by the two ways of

estin

the same ages vith exception of the 189, are identical, implying

that the simpler assumption gives results that are consistent with those
columns 11 and 12 giv

In addition,

t assumptic

str

from the more
dual year estimates for each five year

the arithmetic averages of indi
These averages in columns 11 and 12 are close to the five year

age group.
estimates in column 13 derived from the same set of data by the period-age
the two

ing considering that

This closeness is encoura

hod.
to single

interval met
sethod, were applied

unlike the period-age interval
Besides the pattern of

Turki

approaches,
preference.

year data distorted by digital
two calculations

0 s 1@ e

Thus 1430

estimates from the is a fair reflection of
11 depressed estimates,

hic history.
of the Second

demogra

1 19408 becaus:

fertility levels in the

indicating the
sates compared with

World War; and
Vorld

adjacent estimates,
of Independence

Var (1915-20) and the Turkish War
Teisis:
e, A S R )
been obtained within age groups, to adjust them to sum to the total
tnter

ined for groups of the same length as the

correction (1+1;) obta
1 period,since the latter is based on the assumption that the total
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SR e e B e LR
n Sections 6.5(a) and 6.5(b) and the Feriod-Age Interval method - applied to
Turklsh femsle dats of 1965 and 1970 censuses

TABLE 6.19:

149 1419 109 1@ 199
1 Y 1 i 7

Age
Group
e st 2 lst  2d  lst  Zod st 24 lst  2nd
App AP App A AP App  App  App A AR
1.01
1.025
1.017
1.039
855
1.018
1.165
1.041
.824
+952 +653 .653 .608 .718 764 764 <73
1.051 .931 .931 .875 1.024 1.02. 1.009 1.009 978
1.239 1.110 1.110 <940 909 909
1.178 1.162 1.162 .992 2992 1.021 1.021

61
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population is correct and the former that the sub-populations are all

correct.

In order to complete the splicing of the five year estimates with

single y

ar estimates, the values in columns 1 to 10 are adjusted to give
averages equal to column 13. To do this, colus

13 is divided by columns
11 and 12 to provide the scaling factors shown in columns 14 and 15 of
Table 6.18. The scaling factors are multiplied by the respective columns
1 to 10 of Table 6.18 to give the final estimates of single year real
fluctuations exhibited in Table 6.19. As can be seen in Table 6.19, the
estimates of the first and second calculations are identical because the
underlying relation of the two calculations to the period-age interval

method is the same.

However, it is pertinent to point out that on the evidence of the
application made to different age data, it appears that these two
calculations may not give satisfactory results if the pattern of digital

preference in age reporting is different in the two censuses used. The

effect of differential digital preference on the results is shown by Table
6.20 where Mauritius ten-year census interval observations were examined.
For example, it is clear from the Table that estimates of 0, 5, 10, 15, 20,
etc., years ago are severely depressed relative to other estimates owing to
the effect of changes in heaping on ages with digits ending in O and 5.

It is, therefore, important that an inspection of age data be made in

respect to digit preference patterns before application.

How valid are the Assumptions of the Method?

The method

described in Section 6.2 and its exten

ions given in
Sections 6.4 and 6.5 work under three assumptions. It is important to
examine the effects of these

on the esti by ing what
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would happen if they were relaxed.

(a) Fixed smooth age structure and quasi-stability

g smooth

The first assumption to be examined is that the underlyi

structure of the reported age distributions at two successive censuses is

unchanged. 1In applying the method, stable population age distributions
selected from the Coale-Demeny Regional Tables (1966) for Turkey, and

the Carrier-lobcraft Tables (1971) for Ghana, Uganda, the Fiji Islands,

Mexico, were taken as approximation to the

the Island of Mauritius a

smooth age structure of the true populations. In practice, alteration in

the smooth age structure at two censuses separated by only a five or tem
year interval are likely to be small compared with the biases which come

migration effects and coverage

from other variations due to, for example

and age errors.

umption presupposes a quasi-stable situation in which the

changing mortality affects the age distribution little for a fixed

fertility. Tne quasi-stability aspect of the method has been tested as

follo
(1) The fertility pattern is fixed per unit of total fertility in the
distfibution shown in Table 6.21, taking the observed measures

e (see

from the Turkish demographic survey of 1966-67 as a b

Shorter and Pasta, 1974, p.36).
(ii) The expectation of life at birth, eJ , for males and females is
assumed to be 46.6 and 49.4 years respectively, as estimated by the
Demeny and Shorter 'hybrid' method for 1955-60 (see Demeny and

Shorter, 1968, p.26).
(iii) The sex ratio at birth is assumed to be 1.05, a typical value for the

population.




TABLE 6.21: Distribution per Unit of Total Fertility.

Turkey: 1966-67

Age group  Discribution
£

of women

Fertility

015
051
25-29 049
30-34 .039
35-39 .028
40-44 012
45-49 006
Total
Yektitey 1.000

Shorter, F.C., and Pasta, D; Computational Methods for
Population Projections with Particular reference to

Development Planning, Population Council, 1974, Table 2.4.
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(iv)

The total population, 24190,000, is as recorded and adjusted for

international migration and territorial changes for 1955 by

Demeny and Shorter (1968, p.54), with the growth rate,
()

0.025 .

As before, the Turkish population is assumed to follow the mortalicy

pattern of the South model of the Coale-Demeny Regional Tables (1966).
(vi)  The information contained in (i) to (v) is fed

computer programme described

into the standard
in the Demographic Computer Library
by Shav and Johnson (1971) of the U.S. Bureau of Census. In the
Demographic Computer Library programme populations are projected by using
the Coale-Demeny Regional Tables (1966). By trial and error
total fertility rate that is appropr

methods the
fixed at

e for the stable age structure is
5.96. This total fertility rate is close

to the
calculated

by Shorter and Pasta (1974, p.37) for 1965-70 from the crude
birth rate and midperiod population.

(vii) With a total fertility rate of 5.96 and on the aswumption that
the e for both sexes are increasing at the tempo of 0.5 years
per annum (2.5 years in 5 years), projections ahead are constructe.
as in (vi). The percentage age distributions for females five and

ten
years ahead are compared with the baseline values in Table 6.22

(viii) These constructed female age distributions are the

en treated by the
application of the period-age interval method and its exten
give estimates of the bias
mortality.

arising from the assumed declin

ing
The estimates are shown in Table6.23 and 6.24 for the period
age interval method and its extension respectively. It is encouraging to
note that the test shows the effect of declining mortality (annual rate
of 0.5 year in e ) due to the period-age interval method to be 1

than
to be les

3% (see column 1 in Table 6.23) and due to the extension of the

method
than 1.5% (shown in Table 6.24, column 1).
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TABLE 6.22: Projected Populations, assuming a fixed fertility and

Declining Mortality for the South Model
Age Female 7 Projected Population
Group  distribution
from South 5 years 10 years
model, e949.4,  ahead ahead
r-.025
0-4 16.41 16.60
5-9 13.36
10-14 157
15-19 10.04 10.06
20-24 5.67 8.68
25-29 7.45
30-34 6.39
35-39 5.47 5.46
40-44 4.67 4.65
3.96 3.95
3.33 3.33
275 2.75
20 2.20
65 1.65
111 111 112
63 .63 .64
0+ .35 22 .23

TOTAL 100.00 100.00 100.00




TABLE 6.23: The Effect of Declining Mortality on the Results of the
Period-Age Interval Method applied to Turkish female data

1955 and 1960 censuses

Age Effect of Real fluctuations  Effect of
Group  declining from Period-Age fortality decline
Mortality Interval Method removed from real
Applied to 1955-60 fluctuations

1 2 3= 1x2

-4 .9941 L9945 L9886

5-9 L9941 1.0322 1.0261

10-14 9918 9602 L9523

15-19 .9901 8077 7997

.9882 9539 9426

9870 1.0792 1.0652

9857 1.0767 1.0613

L9842 9178 .9033

L9824 7990 7849

L9824 1.0383 1.0200

.9799 1.1286 1.1059

9770 1.1761 1.1490

9734 1.1285 1.0985

9734 1.0886 1.0596

9734 1.0123 L9854

9734 1.019 9923
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TABLE 6.24: The Effect of Declining Mortality on the Results of the

Extended Method in Section 6.4, applied to Turkish fenale
data, 1950 and 1960 censuses
Age Effect of Real Fluctuations Lifect of Mortality
roup  Mortality from Extended Method decline removed
GroU  pecline ed to 1950-60 rom the real
fluctuations
1 2
04 9889 1.009
5-9 .9900 981
10-14 +9906 955
15-19 .9940 821
20-24 .9940
25-29 9966

9971
L9985 945

40-44 1.0014 5

45-49 1.0010 1,067

50-54 1.0014 129

55-59 1.0010 1201 262

60-64 1.0014 19 1.19

65-69 1.0010 1.160 1.141

70-74 L9925 1.215 1.206

L9854 1.076 1.060




Lastly, the effect that declining mortality (at 0.5 year in .:
annually) would have on the estimates of real fluctuations from the 1955
and 1960 (for period-age interval method) and 1950 and 1960 (for the
extension) census data for Turkish females is removed by multiplying
columns 1 and 2 to obtain column 3 of both Tables 6.23 and 6.24. A
comparison of columns 2 and 3 of both tables shows only slight variations
in level and pattern, implying that the effect of changing mortality in

the application of the method and its exten

ion are likely to be very small.

(b) Cohort fluctuation

The second assumption made by the method and its extension is that

real fiuctuations are the same for a birth cohort at the two censuses. It

Presupposes negligible effectsdue to migration and to mortality change
during the intercensal period. There is no doubt that the presence of

heavy international migration would substantially distort the results,

unless an adjustment could be made. However, the use of percentages

rather than population numbers would reduce the bias to the extent that
the migration was not age selective. The results of the application of the
method to particular countries mainly Uganda and Mexico) suggest that the
distortion would depress the fluctuation estimates at early adult ages
relative to the younger and older groups. The pattern over the preceding

ten to fifteen years might not be much affected,

(c) Coverage and Age errors

The third assumption of the method to be considered is that the

structure of coverage and age errors in the two successive cen

the same in the corresponding age groups, that the proportional error

is constant by age. This assumption is critical in countries that have

been improving their methods of enumeration, and thus reducing the overall




coverage error at later censuses. Clearly the effect of a varying

proportional coverage error would be similar to changes in age misstatement,

ibly of a large size,and could lead to badly distorted results from

por

the method.

In practice, the coverage errors vary with age groups because they
are related to different factors, such as migration and sociocultural
aspects, which have a more pronounced effect at some ages than at others.

For example, in some populatiomsmales in the working age groups tend to

be omitted from censuses because of their greater mobility as migrant
reasons.

d, for socio-cultural

labour, and children may not be count
Errors introduced into the estimates by varying coverage may be detected

by comparison with results of the procedure applied to other pairs of
censuses for the same country by tracing cohorts, as has been done in
Tables 6.2 to 6.5 for Turkey. However, in countries where there have
es and in which there is considerable

been no more than two modern censu

doubt about the comstancy of coverage errors. it might be useful to

examine possible changes in such errors to discover how sensitive the

results are to the assumptions.

The assumption of constant proportional age error in the

ponding age groups at two consecutive censuses scems realistic so

8 the method is applied to quinquennial data, but there are difficulties

in using single year and decennial data, Problems arise with the use of

ten-year inter-censal data because the interval is too long to assume minimal
changes in the proportional age error in the light of rapid changes in

social and economic factors. In addition, by use of data from the 1962

and 1972 censuses of the Island of Mauritius, it has already been demon-

strated that applying the method to single-year age data which have

differences in the patterns of digit preference error as a consequence
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of changing collection procedures at succel

ive censuse,
to misleading results.

is likely to lead

In this chapter, a method for estimating real fluctuations and

true age distributions from two comsecutive censuses has been presented
and discussed. The method and its extensions have bee
variety of age data ob

applied to a

ved in censuses that are five or ten years apart.
The results obtained, in age groups of one, five and ten years, show

high consistency and seem plausible.

In general, the method and its extensions make three assumptions.
The first assumptior

that the underlying smooth structure of
distributions at the two consecutive

the age
censuses is fixed, presupposes a
quasi-stability situation in which the changing mortality has a small
effect on the results for a

ixed fertility. The impact
assuaption on the estimates from

of relaxing the
the method has been assessed and found

small. Secondly, the method assumes that the cohort fluctuations are the
same at the two censuses. Although there is a danger o

distorting the results,

heavy
the pattern of

sigration

the estimates may be representative
Of the true situation for tem to fifteen years preceding the vensus
date. Lastly, the method assumes a

constant structure of
age and coverage errors in each census.

proportional
This assumption seems plausible

in countries like Turkey,where the intercensal intervals are short and

Fiji,whose data from the two censuses do not vary greatly qualitatively.




CHAPTER SEVEN

SUMMARY OF THE MAIN CONCLUSIONS AND

The th

csis is an attempt to examine methods to detect, m

and adjust for age and coverage errors in censuses of Africa and other

developing regions. Different methods of error analysis have been

proposed and discussed in such detail that it is impracticable to

summarise them fully, here. In this chapter, therefore, we shall

summarise the main conclusions of each of the preceding five chapters
separately, and make recommendations about future research arising from

the study.
Age Heaping in African censuses

The problem of age heaping in African censuses and surveys was

invescigated in Ghapter two. By the use c

the Myers method, a study
of twenty-six male and female populations from thirteen censuses was made,

in which indice

of age heaping were measured. It was found that in
most of the populatior

in the study, ages

ere heape

on terminal

digits 0 and 5, and that even digits were more favoured

than odd one
These results are in conformity with the outcome of previcus studies
The exceptions to these findings were

traceable to the way in which
the census questions on age had been asked.
On the basis of the conclusions, ages were regrouped and the

distributions for various populations were adjusted for heaping
errors. The adjustment did not, however, eliminate most of the

irregularities in age distributions, because faciviz other th

an digic
preference were responsible for the anomalies.




7.2. Patterns of Age and Coverage Errors in Africa

In Chapter Three an attempt was made to determine whether

there were discernible patterns of age and coverage errors in tropical

African censuses. Age percent distributions of forty-three African
populations, observed at censuses and surveys held between 1950 and

1973, were averaged to provide a standard with which to
investigate deviations of individual populations from the overall
pattern. By the use of the logit transformation to compare curves for
individual populations with the overall average, it was established

populations from the average

cviations of individual

that patterns of
could be classified into four groups. A closer examination of censuses

and surveys in each group revealed that similar survey methods had
Also, the study showed a close agreement between the error

been used.
inquiry.

pattern of the male population and those for females in the s.

fferences, the study showed some

In addition to revealing
broad similarities of ercor patterns, a finding consistent with the idea

that there is basic African error regularity with superimposed

variations.

7.3. Sex Differential Errors

contains discussion of the sex differential in

Chapter Four
age errors in African censuses and surveys. By the use of data in
which questions on orphanhood were asked, direct and analytic methods
were applied to examine whether males ages were misreported differently
from females. The study demonstrated that young females tended to

in later

overstate their ages relative to males, while the reverse held




periods of life.

Hovever, the methods employed in the analysis have shortcomings
that arise from some of the assunptions that are needed. Firstly,

s for

the assumption made in the direct method that the proporti
both sexes together with surviving parents are accurate, implies that
when males reported higher ages, the females reported lower ages
than the true values. Such a proposition is unrealistic, since there
is nothing to prevent both sexes reporting ages with errors in the

ssumption made in both methods, that

same direction, Secondly, the
there is no differential survivorship of parents according to the

8cxes of their children, cannot be verified by the available data.

Nevertheless, the assumptiong that the reporting of the

Proportions of parents alive have the same relative error for both

sexes, seems plausible in some surveys. Also, the pattern in the

estimates of deviations is consistent. This provides furt
£or the broad validity of the conclusions about the characteristics

of the errors.

Ihe Demeny-Shorter method and the Three-Censuses Analysis

In Chapter Five, a critical examination of the assumptions
©of the Demeny-shorter method, in relation to its applicability to

African data and to its flexibility, was made. It was found that the

technique is sensitive to changes in coverage at su

and that it is not very suitable for the analysis of African data.

A more flexible mothod is proposed, which uses three successive




censuses. This technique relies on two of the theee assumptions

made in the Demeny-Shorter method, namely that the selected model
life table is applicable and the total population is enumerated

urately. However, it has three disadvantages. First, like the

hod, it depends on selected life table survivorship

Demeny-Shorter
ratios, which introduces some rigidity in the operation and in the
results. Secondly, the technique involves many more computations

than the two census Demeny-Shorter method. Thirdly, the applicability

of the three-census analysis to data from developing area

o a few countries and cannot be extended to any of the African

countries, owing to the lack of the requisite data

nt of the third Demeny-Shorter

Nevertheless, by the replacem

assumption of constant error by a regular reduction of error at

successive censuses, the three census technique is likely to be more

the efforts of census organisers in

realistic. This follows fri

thods of

developing countries to reduce errors by adopting better

data collection. In addition, the results from the application of the

ries, including

three-census method to data of some developing coun

Turkey, the Fiji Islands and Mexico, were consistent, especially at

younger ages.

7.5. A New Two-Census Method

real fluctuations and true age

A new method for estimatin
distributions from two successive censuses was presented and discussed

in Chapter Six. The technique and its extensions were applied to a

variety of age data reported in censuses held five or ten years apart.
The results, for data from Africa, Latin America, Euro-Asia and

Oceania were consistent and plausible.
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In the two-census method three assumptions are made. The first,
that the underlying, smooth structure of age distributions at the

two consecutive ceususcs is constant, was tested experimentally by

introducing mortality trends while holding fertility constant. The
effect of changing mortality was found to be small. Secondly, the
assumption that cohort fluctuations are the same at the two censuses
seems normally reasonable, particularly for the young ages, although

s sensitive to substantial migration in the census-interval.

it

Finally, the method requires the assumption of

a constant structure

of proportional age and coverage errors at the two censuses, which is
acceptable in countries where the interval is short and the technique
the two occasions.

of collection are similar on

ions for Future Research in Age Errors

In addition to the summary of the main conclusions, it is
desirable to make recommendations about some of the areas future research
to investigate. There

workers in the field of age errors may need

was inevitably not enough time in the present study to investigate

these topics exhaustively. The first area concerns the size of age
errors. Although our study established distinct patterns of age

and coverage errors in African censuses and surveys, it paid relatively

little attention to the sizes of the errors. Efforts to establish

levels of age and coverage errors in previous African demographic

inquiries would be worthwhile because this knowledge is important for

the field demographers who will be concerned with reducing errors

in the future.

A second topic for research is the use of data on spouse

and sibling survival. An investigation into the development of methods




based on data on the survival of spouse and siblings would help

in the analysis of sex differentials of errors. K. Hill (1975) has

of

developed a technique that uses widowhood data for the estimati,

mortality. Although the widowhood technique has not yet been widely
used, it may be possible to adapt it to throw light on sex differential
errors, much as the orphanhood method was in Chapter Four. Hill(1977)
has also begun to develop a method that uses data on the survival of
siblings (brothers and sisters) to estimate child and adolescent

mortality. It could be adapted similarly. These two approaches,
widowhood and surviving siblings, would yield errors estimates that
could provide a check on the consistency of the findings from the
orphanhood method. A difficulty at present is that there have been few
censuses or surveys where questions on widowhood of first spouse have been
asked, and fewer still which provide data on surviving siblings.

n established, questions on these

However, once these methods have be
topics are likely to be included in future demographic inquiries.

A third recommendation for future research arising from our

study, is on the modification of the two and three-census analyses

in Chapter Five. Since the results at young ages are consistent and

plausible, it may be worthwhile to assume approximate equality of true
numbers in the first few five year age groups for the two sexes. This

would give extra equations which might enable other assumptions to be
relaxed. The results from such an exercise could provide a check
on the estimates derived from the original forms of the techniques.
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APPENDIX: TABLE 3.3(a): Logit deviations

for the additional surveys

Under GUINEA BISSAU IVORY COAST SPANISH
Age st.Survey

1950 57/8 1967

N

5 041 -.124 =-.341 =.327 -.002 -.020
10 -.168 .13 -.030 -.019
15 016  .108 -.023  .009
20 156 195 .021  .027
25 94 123 .027  .009
£ 43 .03 .006 -.005
3 093 -.010 -.001 -.029
0 031 -.066 -.010 -.034
4s -.012 -.050 -.032 -.048
50 -.051 -.028 -.019 -.006
55 -.026  .065 -.014 =.000
60 -.034  .089 .076 .118
65 063 206 .109 .093
Under ZATRE ZAMBIA
Age

N N ¥
5 -.008 -.185 031 -.049
10 —.116 -.026 -.051
15 -.010 -.035 =.006
20 076 -.017 .03
25 116 015 .036
30 18 .03 .035
35 .060 .041 .02
40 032,023 .006
45 004 .027 .0l0
50  -.009 -.017 -.000 -.010
55 =.100 =-.074 .001 -.013
60 -.062 =-,005 -.092 -.018 .013 .068
65 =.013 046 -.075 .016 <051 .110
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APPENDIX: TABLE 3.3(c): Logit deviations for the additional
surveys of Group 3

CENTRAL SOUTH  TOTAL LOGIT
Under AFRICAN AFRICAN  DEVIATIONS
Age REPUB. BANTU D)
1966 1951
¥ N ¥ N ¥
-.060 155 .107
-.025 028 .014
15 -.001
20 .o18
25 L031
30 .037
35 037
40 .031
45 019 -.004 -.012 =-.023 .004
50 .03 .000 -.015 ~-.005 ~-.004
55  -.018  .004 -.025 -.005 .002
60 .020 080  .031 .084
65 .069 18 .067 L1590
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APPENDIX: TABLE 3.3(d): The logit deviations (reported-estimated)
for additional surveys of Group 4

Survey GAMBIA GHANA LIBERTA
1973 1970 1962 1971
Up to
Age M ¥ M F F N ¥
5 .009 -.030 .073 .03 -.025 -.117 .022 -.069
10 -.050 -.062 -.081 =-.034 =-.064
15 -.015 .008 -.017 .033 -.037 .010
20 023 .042 016 .072 -.013 .054
25 .028 041 047  .069 .032 .06
30 -.002 -.010 0641 .023 .031 .009
35 -.021 -.038 032 -.012 .030 -.011
40 -.021 -.035 016 -.033 -.042
45 -.024 -.047 -.019 -.035 -.010 -.044 -.041
50 -.002 -.002 -.011 -.010 -.023 -.028 -.016
55 -.001 .00l -.001 .012 -.028 .012 .006
60 .068  .121  .064 .102 .013  .105 104
65 087 .166 .113 .170 .017 .151 164
Survey NIGER NIGERIA  SIERRA-LEONE TOTAL LOGIT
Ut 1gs0/s0 1963 63 b
Age J 2 )
M ¥ M ¥ M ¥ M
5 017 -.048 -.030 -.121 -.044 -.088 .015 .010
10 -.052 -.043 -.035 -.055 -.073 -.053 -.008 -.016
15 -.024 .050 .001 .050 .002 .065 =.007 -.003
20 .005 .05 .052 .103 .031 .062 .006 .015
25 043 .041 .021 041 .055 .033 .009 .007
0 010 -.050 -.009 -.017 .030 -.019 -.015 -.012
35 022 -.019 -.041 -.076 .012 -.055 =-.021 -.024
4  -.015 -.065 -.030 -.053 ~-.007 =-.059 -.029 -.036
45 014 -.013 -.060 -.083 -.024 -.056 =-.021 -.032
50 -.024 -.027 -.012 -.005 -.027 =-.016 -.013 -.011
55 -.000 .043 .00l .020 -.015 .033 .04 .018
60 .003  .082 .l41 .197 .062 .153 .07l .086

65 .057  .192  .180 .255 .086 .208 .125 .143




APPENDIX: TABLE 3.4:

Logit deviations of

Populations

MAURTTANIA

BURUNDT MADAGASCAR MALAWT
to 1965 1971/72 1964/65
Age ¥ M M M ¥
S .05 .063 .2 .042 .125 .050 .016 .037
10 -.039 -.032 .023 .004 .026 .005 -.007 .005
15 -.012 -.024 -.050 -.020 -.035 =-.009 =-.019 =-,017
20 .005  .000 -.051 -.020 -.056 =.011 =-.005 =.010
25 -.029 -.000 -.041 =-.025 .006 =-.006
30 -.005 -.005 -.020 ~-.011 .008 =.009
35 .009  .006 -.003 -.006 .012 =-,003
40 .008 =-.004 .003 -.001 .0l0 =-.004
45 -.000 -.008 -.017 .003 000
50 -.005 .00 .012 -.004 .003
55 .006 -,008 -.015 -.013 005
60 -.003  .007 .027 -.007 =-.000
65 091 .043 014 050 - -- .00l -.023
up RHODESTA RWANDA TANGANYTKA

to 1969 1970 1967
Age M ¥ F

5 .058 .016 .073 .072 .081 .03

10 -.021 -,024 .035 .033

15 -.039 -,022 -.021 -.018 -.028 .008

20  -.028 .002 -.046 -.047 -.023 .016

25 .005 .012 -.031 -.029 .005 .009

30 .025 015 -.010 -.011 -,017 -.035

35 .029 013 .008 .006 -.021 -.044

40 .021 -.002 .016 .017 -,038 -.050

45 .027 .009 ,024 .024 -.011 -.022

50  -.005 -.025 .020 ,019 -.023 -.013

55  -.026 -.015 -.003 -.003 .003 .0l4

60 019 -.066 -.064 .089 .1l4

65 BULEE - .85 204
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the Three-Census Method, in Chapter 5 4
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