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FOREWORD 

Population is at the centre of all planning exercises. 
It is inconceivable to visualise that in a modern society 
meaningful developmental activities can be carried out without 
first considering the population - its size, distribution over 
space, growth and change over time, in addition to 
socio-economic characteristics. Thus, "emographic data 
collection, evaluation and analysis have assumed great 
importance in the day-to-day administration and functioning of 
societies. 

When a large number of countries in Africa attained 
political independence, the leaders were faced with the problem 
of having to plan socio-economic development with very little, 
if at all, of information on their populations. In quite a 
large number of countries, even the total number of inhabitants 
was more of a guess than anything based on hard facts. As 
regards other characteristics like spatial distribution, 
components of population change and socio-economic attributes, 
even wild guesses were not possible. Thus, a major priority of 
African countries was to take stock of their human resources. 
ECA, with the assistance of the United Nations Population Fund 
(UNFPA), has been assisting many countries undertake scientific 
population censuses. Currently, every English speaking African 
country has undertaken atleast one census, and a large number 
have two or more post independence censuses. 

As planning needs became more and more specific and 
demanding, it has been felt that mere knowledge of the size of 
a census-based population is inadequate. Unfortunately, since 
other systelllS of data collection like civil registration and 
vital statistics are incomplete and deficient in most 
countries, much reliance is placed on censuses and sample 
surveys. For efficient planning, it is necessary to have 
information at very detailed geographic areal levels which can 
only be obtained by censuses. A census however, is a major 
operation involving the entire population of a country in one 
way or tbe otber and involves several steps and stages in its 
execution. Witb very little experience in census taking, with 
populations unexposed to statistical enquiries , with a large 
segment of the population illiterate and non numerate, it is 
not surprising that in many countries the quality of the 
information collected leaves much to be desired. Hence, there 
is always a need to evaluate the coverage, completeness, and 
general reliability of data from these sources. 
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To study population dynamics, the census has become the 
lIajor, if not the only source of information; thus several 
types of data must necessarily be collected to understand the 
phenomenon of population growth and change. Indirect methods of 
inferring fettility, IIOrtality and migration are resorted to in 
view of the failure of direct questions to elicit accurate 
information. As BUCh, analytical techniques have become the 
most efficient and common tool used by statisticians and 
dellOgraphers for deriving reliable information from the often 
defective and incomplete data collected. 

The Kilimanjaro Programme of Action on Population (KPA) 
adopted by African countries in 1984 stressed that population 
should be a key factor in tbe formulation of development 
strategies and plans and that population and development are 
interrelated. Accordingly, it recommends that national efforts 
to create greater awareness of the interrelationship between 
population and developaent should include tbe provision of more 
information on tbe dynamics of population change and the impact 
of SUCh change on current and future development. 

Many African countries have embarked on structural 
adjus~nt and economic recovery programmes. With the best of 
intentions, all these exercises would become futile if policy 
makers do not have tbe means of - utilising available data to 
demonstrate tbe impact of rapid population growth on 
development possibilities. 

Lack of trained manpower is also one of the serious 
handicaps faced by African countries; it bas hampered the 
analysis and utilisation of demograpbic and socia-economic 
data. This, to a certain extent, has been ameliorated by the 
establishment of regional demographic training institut$s and 
through inservice or on-the-job training courses, middle level 
training programmes and other related activities. In spite of 
these, it is quite cOllllllOn for much of the data so assiduously 
collected not to be promptly analysed, evaluated, interpreted 
and used. 
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Training courses often cater for only a small number of 
persons. Moreover, even those who have participated in short 
term courses need refresher courses or access to training 
materials and manuals in order to apply the knowledge acquired 
effectively. Even those who are .not fortunate to have had such 
training can benifit if suitable manuals or work books are made 
available. It is in the light of this that it was felt that 
the training materials used at the recently concluded Sub 
regional Training Workshop on Demographic Data Evaluation and 
Analysis at the Regional Institute for Population Studies 
(RIPS) Accra, Ghana would serve such purposes. 

This workshop was one of the training exercises envisaged 
under the Canadian-funded UNFPA Project for Sub Saharan Africa 
for19611-92. A similar workshop is to be organized for 
French-speaking African countries in 1989. Although the RIPS 
workshop dealt only with English-speaking countries, the 
experiences gained will also be useful to French-speaking and 
other countries in the region. At the same time, the 
deliberations of the planned workshop for French-speaking 
countries would also be beneficial to English-speaking 
countc'ies. This workbook may tben be suitably adapted to 
include experiences of all countries in the continent. 

Lecturers from ECA, RIPS and the UN Population Pcogrammes 
and Projects Brancb (PPPB) of tbe Department of Technical 
Co-operation for Development (WCD) partiCipated in the 
training worksbop and prepared training materials. A committee 
of representatives from ECA and RIPS was responsible for 
editiug and adapting the materials for publication as a 
workbook. It is my hope that the workshop will assist Member 
States in exploiting and utilising their demograpbic and 
related data more fully. 

Adebayo Adedeji, 

United Nations Under-Secretary General 
and 

Executive Secretary 
Economic Commission for Africa. 



CHAPTER 1 

USES OF DEMOGRAPHIC DATA IN PLANNING 

1.1 Introduction 

1. Development planning is the complex process through which 
governments lay down procedures for promoting the economic 
objective of growth in the broad macro-economic sense of 
augmenting national production capacity on the one hand, and 
the social objective of ensuring equitable distribution of 
income a.lIlOng the population and also faCilitating the 
development of their potentials on the other. The process 
entails the essential stages of formulation, implementation, 
mo~itoring, evaluation and modification of policies, 
strategies, programmes and projects for local, national, 
sub-regional and regional development. Accordingly, 
development planning has a human, a temporal as well as a 
spatial dimension. 

2. Each stage and dimension of the planning process calls 
for the use of dell109raphic data. Thus initially, population 
data are useful for making feasibility or preliminary 
assessment of the situation at any level (local, national, 
rural, urban etc.). They are useful for implementing 
development goals in the sense of supporting the translation of 
strategies into specific policies, programmes and projects. In 
planning, demographic data can be used explicity (directly) or 
implicitly (indirectly) for the achievement of short-, medium
or long-term objectives. Whatever the time frame, it is now 
becoming increasingly the practice to create an institutional 
framework for integrating demographic data in planning. 

1.2 Need for Demographic Data in Social and Economic Planning 

3. A salient feature of the current literature on 
development planning in Africa is the growing recognition of 
the cardinal role of population as a factor in determining the 
level, pattern and rate of. development. In this respect, what 
is most significant is the recognition accorded to the 
interrelationships between population variables and other 
economiC, social and cultural factors. This growing 
recognition is, after all, germane, if the avowed objectives of 
a man-centred development planning are to be attained. A 
worthy and desirable goal of all economic and social 
development is the imprOVement of the standard of living of the 
population. It is, therefore, crucial that development 
planning should take into account the nature, evolution and 
characteristiCS of the population to be catered for in the plan 
period. At any level of socio-economic planning, there is what 
can be legitimately regarded as the target population, the size 
and composition of which varies accotding to the focus of the 
plan and the nature of'the services to be provided. 
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4, Furthermore, economic-demographic consideration should of 
necessity transcend mere examination of current conditions and 
also deal with future trends and development in accordance with 
national goals, policies and objectives. In this regard, the 
integration of the various sectors of the national economy is 
very important, Recognizing the significance of integration 
and harmonization of all development policies, Africa's 
strategy for development in the 1970s pertinently states that, 
"A strategy for the development and utilization of human 
resources must dovetail with other policies, plans and 
strategies for overall economic and social development, It 
must, in particular, be closely related to national policies on 
population employment and income distribUtion," (BCA, 1973) 
The more recent strategy enunciated in the Lagos Plan of Action 
emphasizes the need for better collaboration between 
demographers, planners and stat~sticians in their work at the 
national level. (OAU, 1981), The importance of population 
variables in development planning has been further articulated 
in the Kilimanjaro Plan of Action for African Population and 
Self-R~liant Development (KPA) as well as the United Nations 
Programme of Action for Economic Recovery and Development 
(UNPAERD) , 

1,3 Nature, Quality and Gaps in Data supply 

5. Population variables are both determinants and 
consequences of the development process. On the one hand, when 
viewed as consumers and producers, in interaction with other 
resources, population can be a means of achieving planned 
development. on the other band, population changes occur 
partly as a result of economic and social development. Thus, 
population serves the dual function of being both desirable 
ends and means for further development. 

6. l>ecisions as to the type of demographic data needed for 
development planning should be based on the reievance of data 
to the aims and objectives to be attained. Selected data 
should be geared to the articulation and achievement of the 
aims, objectives and targets of the plan in both the short- and 
long-term perspectives I they should be such as could support 
and promote the realization of the economic, social and 
political goals set in conformity with the national aspirations 
for the improvement of the quality of life and living 
conditions and for the promotion of balanced development, use 
and distribution of resources. In this connection, importance 
of the link between demographic factors and production and 
utilization particularly agricultural output and the general 
supply of services should be emphasized. 

7. Demographic variables, like many social phenomena, are 
not easy to measure and control. This is mainly because of 
their continuous change and statistical fluctuations arising 
from the unpredictability of human behaviour and the varied 
extraneous factors (physical, economic, social and cultural) 

---------~I~" 
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which influence and often determine the levels, patterns and 
forms of delD09raphic development and processes. Furthermore, 
ease of measurement is hampered by the complex 
interrelationships among demographic variables which are also 
intricately related to other non-demographic factors. Tbis 
situation normally complicates the difficulty with which 
planners and demographers are able to convince others of the 
importance of programmes aimed at achieving certain demographic 
targets. 

8. Apart from censuses, other important source of 
demographic and socio-economic data for planning includes vital 
registration systems, (births, deaths, and marriages) which in 
Africa are incomplete and biased. Sample surveys (delD09raphic, 
social and economic), labour statistics, international 
migration records as well as data on school enrolment, are yet 
other sources. 

9. But although much remains to be done, there is evidence 
that African countries have made some progress with regard to 
data collection. An ECA review shows clearly that since the 
end of world War II, more and more countries have conducted 
censuses. (ECA, 1982). But in spite of these growing use of 
censuses, its frequency has been very irregular in the majority 
of countries when compared to the norm of bolding decennial 
censuses, for example. 

10. Closely related to tbe irregularity of data supply 
(census, 'surveys, vital registration etc.), is the general 
problem of tbe scarcity and poor quality of demographic data. 
Even with the already mentioned progress in establishing and 
promoting census and survey programmes, notably under the 
African census and survey programmes of tbe United Nations 
Economic Commission for Africa, the gap, quantitatively and 
qualitatiVely, remains very wide. The coverage of demographic 
variables during enumerations bas been inadequate and, more 
often than not, collected data in the region have content as 
well as enumeration errors which mar their quality and 
reliability for planning purposes. 

11. The inadequacies of the data call for skill and expertise 
in making sure that, as much as possible, tbe inaccuracies are 
reduced to a minimum without necessarily distorting the basic 
picture. Already, there are a number of tools that could be 
employed in dealing with incomplete and inadequate data. (Brass 
et aI, 1968, Brass, 1915, Som, 1911, UN, 1961 and UN, 1983) 
Some of these have been widely used by planners and researchers 
with some effect and success. However, the use to which the 
techniques can be put in order to improve the data base should 
be made with a great deal of circumspection. Good and balanced 
judgement should be exercised to ensure that the use of 
corrective techniques are not abused and that the adjustments, 
contrary to prevailing cultural, historical, social and 
economic conditions, do not just mechanically smootben away 
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real and relevant irregularities that may be more revealing of 
other significant demographic behaviour patterns. For 
instance, where migrations have occurred on a large scale and 
for some time in the past, the application of stable population 
models to observed age data can lead to some misleading 
inferences and estimates. Therefore, bad use of the techniques 
can impose a greater blight than the originally observed errors. 

1.4 Gomplementarities in the supply and use of Data 

12. In providing demographic data for planning, it is vital 
to bear in mind the complementarities in the process. As well 
as the complementarity between planned projects and needed 
resources in terms of capital, manpower, raw materials, 
technology and many others, there is that between a 
comprehensive, integrated planning for economic and social 
development at the national and subnational levels anCi that 
between the macro and sectoral levels of planning. A 
consideration of these provides a frame of analysis which moves 
from the general to the particular and which promotes 
comprehensive and detailed planning that caters for the 
interest of all sections of the community, especially the 
under-privileged. 

13. Subnational and sectoral planning should be undertaken on 
the premise that generally, subnational units and sectors of 
the economy cannot be planned indepenCiently. For example, 
planning for rural development cannot be Clone apart from that 
for the urban area. Also eClucatlonal objectives cannot be 
divorceCi from the manpower targets of a country just as health 
planning cannot overlook agricultural planning for more food 
and better nutrition. Because of the specific nature and focus 
of sectoral planning, it requires increasingly more refined 
population Clata and other statistics. 

14. sectoral planning should generally cover all areas of 
social policies and programmes as well as human resources 
utilization. Ideally therefore, subjects such as ed~cation, 

health, food supply and nutrition, housing and household, 
manpower and employment should be planned iodividually or in 
related combination. In particular, sectoral services and 
needs of tile economy have to be assessed for population at 
risk. Long-term planning calls for the vigilance of planners 
and demographers in making periodic reviews and adjustments of 
tile relationship between demographic and other variables. This 
exercise should form an integral part of the planning 
programme. It should be done in order to take account of 
periodic fluctuations in data and to be able to incorporate new 
and better data as they become available. 

1.5 A Minimum Data Supply Base anCi Use 

15. Within flexible limits, it is desirable to maintain a 
minimum data supply for social and economic planning. As can 
be seen from Table 1.1 data should be provided for planning the 

~ ------"--------'----------....,-'" 



Table 1.1: 

Basic Need! 
Service 

1. Food and 
Agriculture 

SOQrce and Ose of Data for Planning Some Basic Needs 

Deaographic and 
related Data RegQired 

size and growth of total 
population by age and sex; 
agricultUral population by age 
and sex; economically active 
population. 

Vital rates (births, deaths, 
migration); rate of growth of 
population. 

Agricultural laboQr force; 
e.ployment in agriculture 

Population settlement and 
pattern of distribution of 
land and availability. 

Migration volume and 
direction 

Total and per caput food intake 

Employment pattern (seasORality, 
part-time, under employment) etc. 

Quantity of food produced 

Infrastructure: roads, .. rkets, 
storage, etc. 

Ose of Data 

Determination of food 
de .. nd and supply; 
setting food targets. 

PrOjection of food 
demand and supply; set
ting of food targets. 

supply of manpower; 
determination of output. 

Determination of optimal 
land use pattern; agricul
tural labour migration 

Labour supply, demand 
and movement 

Production targets 

Labour supply, use 
and productivity 

Monitoring and evaluation 
of production targets. 

Adequacy of support 
services 

Source of Data 

Census and surveys; 
agricQltural census 

Vital Registration; 
census; 

AgricultQral census, 
manpower surveys 

Census and surveys; 
special land use 
survey 

Census and surveys, 
agricultural Census; 
D.-ograpbic Survey, etc. 

Census and surveys; 
agricultural surveYI 
nutrition survey 

Agricultural and 
e.ployment survey 

Agricultural censQS and 
survey 

AgricQltural census 
and survey. 

'" 



Table 1.1 (contd.) 

Demographic and auic Need/ 
service related Data ReqU!Ud Use of Data l!IQUtce of Data 

2. Education Size and growth of total popu
lation by age and sex by locality 
and rural-urban residence 

Geographic/administrative 
distribution of population by 
age and sex 

Vital rates (births, deaths, 
migration) 

Size and growth of school age 
population and school enrolment 
by age and sex for first, second 
and third cycle educational 
by locality levels. 

Level of literacy by age and sex 
and by rural-urban locality 

Availability of schools and 
places (primary, secondary, 
university, technical, 
vocational) by locality by 
rural-urban residence, and 
administrative divisions 

Manpower 

Determination of target 
population, level and 
pattern of demand for 
education by cycle 

Optimal allocation 
of education facilities 
i.e. in areas of greatest 
need. 

Ditto 

Ditto 

Determination of met and 
unmet literacy needs 

Determination of met and 
unmet needs for educational 
places and facilities by 
locality and administrative 
regions 

Training and budget alloca
tion 

Census, education 
survey 

Census, education 
survey 

Census, vital registra
tion, Demographic survey 

Ditto 

Census, demographic 
Survey 

Bducational service 
records and statistics 

Census and educational 
surveys, rosters of 
teachers, aa.inistrative 
records, labour force and 
manpower surveys, plans and 
policies. 

'" 



Table 1.1 (contd.) 

Basic Need! 
service 

3. Manpowerl 
Employment 

DeIIIograpbic and 
related Data Required 

Size and growth of total popula
tion by age and sex, locality 
and rural-urban residence 

Vital Rates (births, deatna, 
and migration) 

Number of jobs created or to be 
created by occupational catego
ries, residence, socio-economic 
groups, enterprises, formal and 
informal sectors by locality 

Total number of students enrolled 
in formal education by locality, 
areas of specialization, etc. and 
output from educational institu
tions (bigber, technical, voca
tional). 

Level and rate of emeloyment by 
locality, age ~d sex, education 

Average household income by age 
and sex, locality, and type of 
employment. 

Number of planned capital accum
mulation projects by locality, 
and rural-urban residence 

Use of Data 

Determination of size, 
growth and distribution of 
labour force 

Determination of size and 
projection of labour force 

Potential employment 
opportunities 

Determination of enrolment 
rates and entrants into the 
labour market 

Appraisal of the 
status quo. 

study of prevailing pattern 
of housebold income 
distribution 

Potential employment 
opportunities. 

Source of Data 

Census, manpower survey 

Census, vital registra
tion, sample surveys 

Manpower surveys 

Education survey, census 
and administrabive 
records 

Manpower surveys 

Social and economic 
surveys to Measure 
levels of living 

Development plans; 
Administrative reports 

" 
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Table 1.1 (cont.) 

Basic Need/ 
Service 

4. Health 

IleIIo9rapbic and 
related Data Required 

Size and growth of total popula
tion by age and sex, locality, 
rural-urban residence, etc. 

Geographical/administrative 
distribution of population by 
age and sex; 

Vital rates (births, deaths, 
still births, maternal 
mortality; infant and childhood 
mortality etc;) 

Age-sex specific morbidity data 
(maternal, infant, childhood, 
adult, and old age morbidity) 

Inventory of health problema, 
personnel, services/infrastruc
ture/resources/facilities by 
locality, administrative 
divisions and accessibility 

Inventory of disadvantaged 
groups (mothers, nomads, rural 
and urban poor, children, 
disabled, etc,!) 

Inventory of health, nutrition 
and environmental conditions 
by locality, administrative 
divisions etc. 

Un of Data 

Planning of supply targets 
(hospitals, clinica, 
doc~ors, beds, etc.) by 
locality 

Balanced distribution of 
services 

Projections of future 
needs/ age and sex specific 
analysis of mortality 

Disease pattern 
and incidence 

Planning present and 
future supply and location 
of services 

Problea-targeted health 
and welfare planning 

Planning for social and 
community health and 
welfare 

SOurce of Data 

Census 

Census 

Vital registration, 
hospital records, 
deaograpbic surveys, 
and census 

Hospital records and 
statistics, special 
surveys 

Administrative health 
status report; special 
surveys on health 
facilities and personnel 

Socio-economic and 
health surveys 

Administrative Health 
reports and records 

'" 



Table 1.1 (cont.) 

Basic Need! 
service 

5. Iiousing 
and Shelter 

ne.ographic and 
related Data Required 

Size and growth of total popula
tion by locality, rural/urban 
residence, age and sex 

Size and composition of 
households by age and sex 

Iiousehold headship rates by 
age and sex 

Population/households with 
services, facilities 

Housing stock and future 
requirements i.e. types and 
conditions of available 
housing units 

Annual number of houses 
constructed with basic facilities 
(water, toilet, baths, etc.) 

Use of Data Source of Data 

Iiouse construction, demand Census 
and target setting by 
locality 

Design and planning 
of houses 

Demand and supply of 
new bouses, 
Household income and 
expenditure 

Provision of amenities 

Replacement and renewal of 
old houses and construction 
of new ones 

Ditto 

Census, demograpbic 
surveys 

Housing surveys, 
de.ographic surveys 

Census, bousing surveys 
and house listing opera
tions 

Administrative records, 
registered annual number 
of building plans etc. 
Census, bouse listing 
operations 

Ditto 

'" 
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Table 1.1 (cant.) 

Basic Heed/ 
Service 

6. Transport 
and Communi
cation 

ne-graphic and 
related Data Rllquired 

Size and growth of total 
population by age and sex, 
locality, rural/urban residence 
administrative units, etc. 

Population that use transport 
and communications services, 

population that does not have 
accesa to transport and 
communication services 

Households that have radios, 
T.V.s, telephones, etc. 

Localities served bY post 
offices, postal agencies, etc., 
distance to the nearest service 

Use of Data 

Determination of voluae of 
services required by 
locality, etc. 

Detera1nation of volu.e 
and supply of service 

Planning location of new 
services 

Source of Dilta 

Census 

Aaainistrative records 
on transport, 
_nicatiolUl 

Special transport aDd 
ca..unication surveys 

Detera1nation of demand and Special surveys, census 
supply of services 

Ditto 
AdministratiVe records 
special surveys, ceuus 

,... 
o 
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essential basic needs of the population. In the first place, 
each country should be able to obtain, by complete enumeration 
at a census, data on the total population by localities 
especially by urban and rural residence. If condacted on a 
regular basiS, this will facilitate the calculation of the rate 
of growth of the national as well as rural-urban populations 
and planning for their development needs. The collection of 
age and sex data at this stage is highly recommended in the 
interest of enriching the data base for socio-economic analysis 
and planning and for projections. 

16. '1'0 cater for qualitative changes and the dynamics and 
components of the reported population growth, a minimum 
attempt, given the scarcity of resources, should be made to 
collect data on the characteristics of the population on a 
sample basis. such oharaoteristics include sex and age, 
marital status, literacy and educational attainment, economic 
activity, fertility, and mortality. In this regard, it is 
significant that the Strategy for the African Region in the 
International Development Strategy for the United Nations Third 
Development Deoade oalled' for greater account to be taken of 
the high rate of population growth, unoontrolled urbanization, 
high levels of mortality and fertility. the gap in meeting the 
needs of large groups for health, education, shelter, food, 
emPloyment, etc., and greater opportunities for the advancement 
of women and the young. (ECA. 1979) 

17. Now, eaoh of the suggested characteristics can be put 
specifioally at addressing the above issues raised in the 
Strategy and indeed to several other uses. The sex-age 
oomposition which is the produot of past fertility, mortality 
and migration trends influences very much the trend of the 
inorease of the population. It also influences the size of the 
school age population, the labour force and female population 
in the reproductive ages. Also, the sex-age structure is vital 
for making oomponent and sectoral projections. For many other 
variables, age and sex composition provides a good basis for 
in-depth analysis through cross-tabulation. For example, 
tabulation of marital status by age and sex permits an 
objective study of marriage in relation to family formation and 
establishment of new households. Generally, studies of trends 
in marital status are important for understanding fertility 
tcends and variations. 

18. .In order to remedy effectively the high illiteracy 
situation in many Afrioan oountries and in order to assess the 
size of available manpower, data on literacy and educational 
attainment are necessary. In the long-run, such data are 
important for asseSSing and evaluating the success and 
effectiveness of school systems and programmes within regions 
and localities. 
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19. At all stages of the educational pyramid, planning which 
should integrate successive stages, should be made. This 
involves projections of attendances at all educational levels 
and estimating the needs of the systelll' in terms of the supply 
of teachers, equipment and the construction of new schools, 
colleges and universities. The projections and estimates 
require to be fed with data on enrolment at successive stages 
taking account of drop-out and wastage rates. Because 
educational problems differ between sub-regions of the 
countries and in particular between rural and urban areas, 
projections of school age population and attendance should be 
prepared separately for these areas. For these sub-regional 
and local planning, population data are needed for each 
administrative district or local area, depending on the case in 
question. 

20. Collection and analysis of data on economic activity 
have, in the past, been difficult as shown by attempts to apply 
international classifications Qf the active population and of 
occupations. Nevertheless, it seems that with adequate care, 
the determination of the size of the economically active 
population is valuable for measuring partiCipation rates by 
age, the size and composition of available manpower and for 
projecting 1t into the future. Furthermore, data on employment 
status, occupation and industry are valuable assets for 
assessing the utilization of manpower resources and for 
formulating future policies and programmes for their 
development. 

21. Population projections are considered one of the most 
valuable instruments which demograph¥ contributes to social and 
economic planning in terms of programming for the future. In 
addition to the future figures for the total population, it is 
necessary also to consider figures for the country's 
administrative divisions, localities of various sizes, and 
urban and rural sectors. In the African experience, decisions 
regarding the prOjection period and the relative accuracy 
required are heavily influenced by the inadequacy of 
demographic data and knowledge basic for the. projections. 
There is no doubt that the enlightened guesses about the future 
courses of fertility, mortality and migration requires solid 
data bases. In this regard, it should be stated that vibal 
rates estimated from limited data can only be used as stop-gaps. 

Z2. Given the gross inadequacy of facilities, health planning 
in various countries of the region should commence with an 
inventory of resources. Demographic data needed for the 
planning of all types of health services so that populations at 
risk can be estimated both for present and future needs include 
total population numbers, age-sex structures and geographic 
distribution of population. These are also needed for the 

- ________________________ -,1_
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planning of general medical services, and targets for the 
number of doctors, health personnel, hospital beds and other 
facilities usually expressed per 1,000 population. The 
planning of maternal and child health care services need 
accurate data on fertility, still-births, maternal mortality, 
infant mortality, and mortality rates for children up to the 
ages included in the serVice, and also data on morbidity of 
mothers and children, as much as is available. The age and sex 
structures of populations are also important because a number 
of diseases are to some extent age-group or sex-group specific. 

23. Because reasonable access to basic health services is 
essential, all relevant demographic data should be available 
and prOjections made for administrative units. Urban-rural 
classifications are also important, mainly on account of very 
great differences in population size and density, calling for 
special types of rural health services. Adequate provision of 
water supply and sewerage to meet demand also depend on 
population densities. 

24. It should also be noted that demographic data in the 
health sector are required not only for planning but also for 
evaluation of the progress made in implementation since some 
demographic characteristics serve as major indicators of health 
levels. 

25. There are clear indicationll that future demand for food 
in Africa will be determined more by population than income 
growth. The type of data collected and used in analYliing the 
results of agricultural census include variables such as size 
and composition of urban and rural populations, agricultural 
and farm populationll, the economically active population, 
employment in agriculture, and related problems of lIeasonality 
of activity, part-time employment and underemployment. These 
and some others not listed provide some indications of the 
interellt of agricultural planners in demo-graphic measures. 

26. A useful first-step would be to obtain measures of the 
total size of the population and itll rate of growth. On a 
macro level, the rate of increase in the supply of food should, 
resourcell permitting, be high enough to sustain the rate of 
population increalle. Estimates of per caput food intake should 
use the proper total population base projected objectively into 
the future. Both base and projected estimatell of requirements 
should also take account of the age and sex structure. 
Apparently, the amount and type of food consumed vary with 
age. Thus, it ill obvious that the needs of children are not 
generally the same as those for working age and aged perllons. 
In terms of food prodUction, children and very old persons 
contribute little or nothing and yet their consumption needs 
have to be met. 
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27. still on food production, data on the size and growth of 
the agricultural population in relation to land use and arable 
population densities should be made available. An important 
demographic factor which affects the size of the agricultural 
labour force is migration to non-agricultural job centres in 
towns, plantations and mines. It would, therefore, be 
necessary to have data on the volume and direction of migration 
flows and assess their impact on the agricultural labour 
force. Because of the close relationship between the size of 
the agricultural labour force and arable population densities, 
data on subregional and local population characteristics and 
distribution should be handy. The tendency is for people on 
the land to move from rural areas of high arable densities to 
those with low densities. Data on the pattern of population 
distribution will therefore be useful in planning future 
el!pansion of land use and development of resettlement schemes 
for co-operative farming. 

26. Actually, the relevance of rural-urban population 
distribution and characteristics cannot be under-estimated. 
Food production, after all, is carried out in the rural areas 
where the agricultural labour force dwells. The towns produce 
very little or no food for its inhabitants who generally depend 
on the supply from the rural areas. Knowledge of the relative 
size, growth and characteristics of the population in the rural 
area would therefore, be essential in forecasting the level of 
food demand and supply. 

29. The reasons for the importance of long-term planning in 
the education and health sector apply to food with even greater 
force. If food production is to increase faster than the 
growth of population so that increasing future demands would be 
met, then long-term estimates based on reliable projections 
would be required. The future needs, given other constraints, 
should involve -making projections of the total population and 
especially the population dependent on agriculture and the 
agricultural labour force, all of which affect the prOjected 
food demands and supplies. The prOjections, no doubt, would 
also use age and sel! data and also consider regional as well as 
rural-urban differences in population structure and 
distribution. 

---------------------------------------"'1I-··i
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CHAP'rER 2 

DA'rA EVALUATION AND ADJUS'l'MBN'r 

2.1 Data Collection and Collation 

1. Demographic data and estimates, together witb related 
socio-economic statistics, are tbe essential pre requisites for 
effective and objective monitoring and evaluation of population 
trends and development at various spatial levels. 'rbus sucb 
data and their analysis have been recognised as essential in 
the day to day administration and functioning of modern 
societies. 

2. In tbe 1960's, the Economic and Social COuncil of the UN 
requested the Secretary General to develop proposals for the 
intensification of action in the field of economic and social 
development with particular reference to the need to review 
facilities for the collection, collation, analysis and 
dissemination of statistical and other information required for 
charting economic and social devlllopment and for providing a 
constant measurement of progress towards the objectives of the 
Development Decade. 

3. Resolution 1054 B (XXXIX) of 16 july 1965 rec_nded 
that the member States of UN undertake to carry out population 
and housing censuses during the period 1965-1974 and that they 
take into account the international recommendations in order 
that the censuses may meet national requirements and facilitate 
the study of population and housing problems on world-wide 
basis. 

4. For the 1980 round, the Statistical Commission accepted 
the proposal that the Regional Commission should take the lead 
in developing recommendations particularly with respect to tbe 
topics to be covered and the tabulations to be prepared, in 
order that regional needs could be met more effectively. 

5. Considering the fact that most of tbe countries in Africa 
emerged from colonial cule to national independence only in the 
1960's and tbe bard reality that at independence they were 
faced witb the necessity for planning for economic and social 
development of their population with not much information on 
even the total size of the population let alone information on 
spatial distribution, dynamics and cbaracteristics, it is but 
natural that the first priority of the nascent nations was the 
collection of as much data as possible on tbe POPUlation and as 
expeditiously as feasible. 

6. With statistical institutions not developed and the 
population not much exposed to statistical enquiries, it was an 
arduous task to conduct data collecton exercise. 'rhe census 
became tbe only source for data in the absence of other systems 
of data cpllection. This necessitated the loading of censuses 
with all types of items including stock and flow data. With no 
adequate ttained manpower, with a population not exposed to 
teporting on various demographic and socio-economic aspects, it 
was but to be expected that the data collected will not be 

________________ • __________________________ ooil .... l> 
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without errors, biases and other deficiencies. Hence it was 
imperative that the data collected should be evaluated and, if 
necessary, adjusted. 

7. The collection of data being mainly focussed on its 
eventual use in planning and policy formulation, required to be 
analysed, interpreted and disseminated. Thus the importance of 
fuller utilisation of information collected was kept in focus 
even thou'lh the experience has not been commensurate with the 
requirements. 

2.2 TypeS of data collected and collated 

8. The UN and ECA recommendations on the topics to be 
covered and the list of tabulations are 'liven below both for 
1970 and 1980 rounds. Also given are illustrative lists of 
topics covered by Anglophone countries in the reqion in their 
1970 and 1980 rounds and tabulations prepared in a few selected 
countries to highlight the situations in the region as to 
demographic data collection and collation. 

~ist of topics recommended by UN 

1970 round 

I. Geographic and migration characteristics 

(a) Place where found at time of census, (b) Place of usual 
residence, (c) Place of birth, (d) Duration of residence, (e) 
Place of previous reSidence, (f) Place of work. 

II. Demographic and social characteristics 

(g) Sex, (h) Age, (i) Marital status (j) Citizenship, (It) 

Nationality/ethnic/tribe. 

III. Fertility and mortality 

(1) Children born alive, (m) Children living, (n) Age at 
marriage, (0) nuration of marriage, (p) Marriage order. 

IV. Household characteristics 

(q) Relationship. 

9. Among these 17 topics, the items d,e,f,j,k,n,o and p were 
only suggested as useful topics but others were recommended as 
priority items. African countries adopted a very similar set 
of topics but excluded items e,g, j and p. However they added 
five additional items as follows: 
(i) Births during last 12 months, (H) Deaths during last 12 
months, (iii) Survival of parents, (iv) Form of marriage, and 
(v) Number of spouses. 

10. The African recommendations included items a to c, f,h,i, 
k to m and q among priority list and items n and 0 as useful 
categories for collection. Among the additional items, numbers 
i to iii wer~ priority and iv and v as useful items. 
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U81} round 

11. The UN recommendations were given in two lists -A and B -
depicting respectively priority and useful topics. Compared 
with 1970, two topics viz., £ and p were deleted but: place of 
residence at a specified date in past; Live births within the 
12 months preceding the census; and Deaths of infants within 
the 12 months preceding the census and maternal orphanhood, 
were added. 

12. The African recommendations did not include topics e,j 
and p. However, several other topics given below were included: 
(i) Survival of parents, (ii) Form of marriage, (iii) Number of 
spouses, (iv) Deaths during last twelve months, (v) Births 
during last 12 months, and (vi) Deatns of infants born during 
the last 12 months. 

13. In 1980 round, the UN recommendations included items a to 
e, 9 to j, 1, m and q as also place of residence at a specified 
time in past among priority listing. All other items were 
considered as useful. 

14. The African recommedations included items a to d, f to i, 
k, m and q as also topics (1), (iv), (v) and (vi) among 
priority listing and others as useful. 

15. Thus we note that the African countries in their regional 
recommendations reflected tfle dearth of data in the continent 
and the quest for filling up gaps in information. As evidence 
of their genuine desire to collect a wide variety of <lata on 
demographic, social and geographic topics, Table 2.1 gives the 
types of data collected during the 1970 and 1980 rounds on 
these aspects in the 18 Anglophone countries. Not only has 
there been an increase in the number of topics included in tbe 
censuses, it has also been noted that the depth and breadth of 
the scope of the topics were also widened from 1970 experiences 
and the ever increasing needs for data for planning and policy 
making. It is also noted from Table 2.2 that at least the 
quality of age-sex reporting as measured by digit preference 
indices and joint scores have certainly improved. 

·~----'------------------------"""I-t 



Table 2.1 TOPICS CANVASSED DURING 1970 AND 1980 ROUND CENSUSES IN ANGLOPHONE COUNTRIES 

COUNTRY 1970/1980 Relation- Marital Age at II~ ChUd- ChUd- Most Sur vi-
round Cen- ship Status marriage of ren ren recent val of 
sus years !duration wives eVer living! birth! recent! 

of marriage born dead birth last 
last year 
year birth 

Botswana 1971 X X X X X X 
1981 X X X X X 

Ethiopia 
1984 X X X X X X 

Gambia 1973 X ,~ X X X X 
19113 X X X X X X 

Ghana 1970 X 
..... 
'" 1984 X 

Kenya 1969 X X X X X 
1979 X X X X X 

Lesotho 1966 X X 
1976 X X X X X X 

Liberia 1974 X X X X X 
1984 X X X X 

Libya 1973 x X X X X 
1984 X X X X 

Malawi 1966 X 
1977 X X X X X X 



Table 2.1 (con.) 

TOPICS CAlllVA8SED DURING 1970 AlII) 1980 ROUIlJ) CBHSOSES IN AliGLOPIIOliE COUNTRIES 

COUNTRY 1910/1980 Sllrvi- Sllrvi- Deaths in Disabi- Resid- Place Ethnic/ Citizen 
round cen- val of val of hOllsehold lity/ eDt of tribe/ ship 

SIIS years parent spouse physi/ status birth nation-
cal sta- aUty 
tus 

Botswana 1971 X X X 

1981 ]I. X 
Ethiopia N 

0 

1984 X X X ]I. X 
Gambia 1973 X X x 

1983 X X X X 

Ghana 1910 X X 
1984 X X X 

Kenya 1969 X X X 
1919 X X X 

Lesotho 1966 X 
1976 X X X X X 

Liberia 1974 X X X X 

1984 X X X X X 

Libya 1913 X X X X X X 

1984 X X X X 
KIllawi 1966 X X 

1911 X X X X X 

1, 



fable 2.1 (CONT.) 

COIDlftlC 

Botswana 

Bthiopia 

Gambia 

Ghana 

Kenya 

Lesotho 

Liberia 

Libya 

lIalawi 

fOPICS CUVASSBJ) DUIWIG 1970 AIID 1980 :ROOD ClDISUSBS 
lli1 AIIGLOPBOHB COOII'rRIBS 

1970/1980 Place U8ual prev-
round cen- of re8- r&8- iOU8 

sus years idence tdence res
idence 

1971 
1981 'l 

1984 
1973 
!t83 
1970 
1984 X X 
1969 
1979 X 
1966 
1976 X ¥ 
1974 
1984 
1973 X 
1984 X 
1966 
1977 

Dura
tion of 
resi
dence 

~ 

X 

l( 

)t 

lC 
)( 

" 

llesideace 
at a spe<l
tied time 
in past 

)( 

X 

Place 
of work! 
study 

Jl.e.bers 
outside 
COIIDtry 

X 

X 

X 
X 

'" ,... 
1 
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Table 2.1 (CON'.!'. ) 

'l'OPICS CAllVASSBU IlOlUJIG 1970 AJU) 1980 RODIm CBRSOSBS Ilil .l1IGLOPIIOIlJI COUJrrlUBS 

COIlN'.!'RY 1970/1980 Survi- Survi- Deaths in D1eabi- aesid- Place Bthnic/ Citizen 
round cen- val of val of household lity/ ent of tdbe/ ehip 

sus years parent spouse pbysV status birth nation-
cal sta- al.ity 
tus 

Mauritius 1972 X X 
1983 X .., 

Nigeria 1973 X X w 

a/Leone 1974 X X X 

Sudan 1J73 X X X 
1983 X X X 

Swaziland 19" X X X 
1976 X X X 

Tanzarlia 1967 X X X X 
1978 )( )( X 

Oganda 1969 )( X 
1980 X X X 

ZUlbia 1969 X X X X X 
1980 X X X X 

Zilllba.bwe 1969 X X X 
1982 X X X 



Table 2.1 (CONT. ) 

TOPICS CANVASSED ~URING 1970 AS~ 1980 ROU~ CENSOSES 
IN AllGLOPJ!ONE COUNTRIES 

COUNTRY 1970/1980 Place Usual Prev- Dura- Residence Place Melllbers 
round cen- of rell- res- ious tion of at a spec- of work! outside 

sus years idence idence res- resi- fied ti_ study country 
idence dence in past 

Mauritius 1972 x 
1983 x 

" )( 

Nigeria 1973 

S/Leone 1974 X IV 
". 

Sudan 1973 
1983 X X 

Swaziland 1966 
1916 • Tanzania 1967 x 
1978 X 

Uganda 1969 
1980 

Zambia 1969 X 
1980 x 

Zimbabwe 1969 ')(. X X X 
1982 X 

J 
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Table 2.2 
COMPARATIVE EVALUATIOIi 01' QUALITY 01' AGE-SBli: REPOR'lIIiG 

ANGLOPHONE COUNTRIES Iii 1970 AND 1980 ROUND CENSUSBS 

country 'lear Age ratio Sel( Joint Myera Index 
Male Pemale Matio score Male Peaale 

Botswana 1971 5.7 5.6 7.1 32.6 8.5 9.6 
1981 3.4 5.2 3.6 19.4 7.1 6.8 

Gallbia 1973 15.1 25.3 14.7 84.5 44.7 51.0 
1983 15.1 24.9 14.2 82.6 42.9 50.7 

Ghana 1970 8.3 11.6 7.6 42.7 26.8 31.2 
1984 9.0 10.3 5.7 36.4 27.4 33.4 

Kenya 1969 5.1 7.4 6.7 32.6 21.2 22.2 
1979 3.6 4.0 4.2 20.2 12.4 15.4 

Lesotho 1966 10.0 9.7 6.5 39.2 11.8 12.8 
1976 9.2 8.7 5.3 33.8 10.4 9.6 

Liberia 1974 11.2 14.6 11.8 61.2 27.5 29.4 
1984 7.5 11.1 7.3 40.5 20.0 26.8 

Libya 1973 5.6 11.0 6.1 34.9 9.8 25.8 
1984 

Malawi 1966 15.1 16.1 5.3 41.1 
1977 14.4 9.2 8.3 48.5 12.9 16.6 

Mauritius 1972 5.5 5.2 3.0 19.8 2.0 2.7 
1983 5.2 4.9 3.2 19.6 2.1 2.3 

Sieera 1974 13.0 16.1 8.5 54.6 44.4 47.2 
Leone 1985 

Sudan 1973 17.7 20.7 9.6 67.2 48.2 56.0 
1983 

Swaziland 1966 11.6 11.4 9.4 51.2 15.4 16.2 
1976 8.9 6.2 5.6 31.9 14.1 14.7 

Tanzania 1967 16.6 15.1 11.8 67.1 31.4 39.0 
1978 10.0 9.0 8.8 45.4 25.2 32.1 

uganda 1969 8.3 12.3 8.9 47.3 24.6 33.3 
1980 

Zambia 1969 14.4 8.0 14.6 66.2 14.1 15.3 
1980 5.5 9.4 7.7 38.0 

Zimbabwe 1969 10.0 9.9 8.8 46.3 
1982 13.7 8.6 8.7 48.4 
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16. Again, tbe tabulations prepared by countries on the basis 
of the data collected, have been IIIOre in line with analytical 
needs unlike in tbe past wben analysis was an after thought. 

Tabulations reco.aended by UN (Basic demographic characteristics) 

1970 round 

A. Geographical and migration characteristics 

(a) Total population and population of major and minor civil 
divisions, by sex. 

(b) population in localities by size class of locality and sex. 

(c) Population of principal localities and of their urban 
agglomerations by sex. 

(d) Native and foreign born population by age and sex. 

Ie) Foreign born population by country of birth, age and sex. 

(f) Native population by major civil division of birth, age 
and sex. 

(g) Population by duration of residence in locality and major 
civil division, age and sex. 

(h) Population by place of usual residence, place of previous 
residence and sex. 

B. Demographic and social characteristics 

(i) Population by single years of age and sex. 

(j) Population by five year age groups and sex. 

(k) Population by marital status, age and sex. 

(1) Population by country of citizenship, age and sex. 

1m) Population by nationality and/or ethnic/tribal group, age 
and sex. 

C. Fertility and mortality characteristics 

(n) Female population 15 years of age and over by age and 
number of Children born alive. 

(0) Female population 15 years of age and over by age and 
number of children living. 

(p) Female population 15 years of age and over, in first 
marriage, by age at marriage, duration of marriage and 
number of Children born alive. 

_____________________ • _________________ ""II-."'I~ 
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D. Household characteristics 

(q) Population in housebolds by relationship to head of 
housebold, marital status ana sex. 

17. AIIIong these tables f and q were recommended but were 
given lesser priority and tables g,b,l,m, and p were suggested 
as 'other useful tabulations.' Thus only a basic list of ten 
tables were recommended as first priority tables to be produced 
on demographic variables from the 1970 ~ensuses. 

18. For the African region, the list included only tables a 
to e, 1,J, nand o. These were in line with tbe major 
objectives of tbe census of that period to, 'determine tbe 
number and present distribution of tbe population' and to a 
certain extent to 'determine population structure based on 
selected socio-economic characteristics.' 

1980 round 

19. The tables suggested for 1980 included all those 
recommended for 1970 in addition to the following: 

(i) Population ••••• years and over by place of usual 
residence, place of residence at a specified ~ate in the 
past, age and sex. 

(ii) Female population •••• to 49 years of age, number of live 
births within the 12 months preceding tbe oensus, and 
deaths among these live births. 

(iii) Population by maternal orphanhood and age. 

20. There were also more details inoluded in tbe tables in 
respect of geographic specifications and age groupings. Also 
duration of residence was tagged on to table h of the 1970 
recommendations. 

21. The African m1n1mum recommendations were very similar to 
those for 1970 but added tbe tables k and m from tbe 1970 
recommendations ana thus exoluded only table f,g,b,l, p and q. 
However, quite a large number of additional tables were 
suggested whioh were not included in tbe 1970 series. Tbese 
are: 
i). Population by sex, age and relationship to bead of 

household. 

iil Population by sex, age, region of birth and region of 
enumeration. 

iii) Population by sex, age, plaoe of usual re$i;ience and 
place of enumeration. 

iv) Population by sex, age, plaoe of birtb (in relation to 
place of enumeration) and duration of present residenoe. 
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v) Population •••• Years of age and over by sex, age, place 
of work and place of usual residence. 

22. One can easily note that the African recommendations 
included a wide variety of questions on migration and the 
tabulation plan reflect the concern of the region in regard to 
mobility and spatial distribution of the population. 

23. We shall now take a few case studies from 1970 and 1980 
round censuses and see what kind of tabulations were made and 
how changes have occured. AS we have already noted that 
between 1970 and 1980 there was also a general improvement in 
the scope of a census in terms of items being canvassed, it is 
but natural to expect that the types and varieties of tables 
produced also should reflect this explosion; especially since 
the census is the only source of national data and most 
countries rely on the census to collect all types of 
information. 

A. Liberia 

1974 census 

1. Summary population totals at national and 
county/territory level. 

2. Broad population characteristics by county/territory and 
clan. 

3. Population by SeX by county/territory by district and 
clan. 

4. population by sex: citizens and aliens born in Liberia; 
citizens of Liberia; citizens born abroad; tribal 
affiliation. 

5. population by sex, by citizenship, by place of birth (in 
Liberia and outside) by tribal affiliation. 

6. Population by county/territory, district and sex. 

7. Number of localities by size, population and by sex and 
county/territory. 

8. Population by single years of age and sex, by 
county/territory and district. 

9. Persons born in Liberia and elsewhere by age and sex. 

10. Place of birth of persons born in Liberia by place of 
residence, and SeX. 

11. Foreign born population by citizenship, place of birth 
and sex, county/territory. 

12. Citizenship of the Population by age and sex by 
county/territoIY· 

-
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13. Length of residence in county/territory of enumeration by 
age and sex, county/territory. 

14. Marital status of Population 10 years plus by age, sex 
and county/territory. 

15. Number of households and population by size of household, 
county/territory. 

16. Relationship to head of household by age and sex. 

11. Number of children ever born for women 15 plus by current 
age, county/territory. 

16. Number of children surviving by women aged 15 plus by 
current age, county/territory. 

19. Number of births between February 1, 1973 and January 31, 
1974 by age of women, county/territory. 

1964 census 

1. Number of localities, by size, population and sex. 

2. population by single years of age and sex. 

3. Persons born in Liberia and born elsewhere by age and sex. 

4. Place of birth of persons born in LiPeria by age and sex. 

5. Foreign born population by country of birth, citizenship 
and sex. 

6. Citizenship of population by age and sex. 

1. Length of residence in county/territory of enumeration by 
age and sex. 

8. Population by length of residence in county/territory of 
enumeration, place of birth and sex. 

9. Marital status of the population 10 plus by age and sex. 

10. Number of households and population by size of household. 

11. Heads of households by sex, age and activity status. 

12. Relationship to the head of household by age and sex. 

13. Ethnic affiliation of the population by age and sex. 

14. Religious affiliation of the population by age and sex. 

15. Religious affiliation of the population 10 plus by 
marital status and sex. 
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16. Religious affiliation of the population by ethnic group 
and sex. 

17. Religious affiliation of women 10 plus by number of 
children ever born, and current age. 

18. Number of children who died for women 10 plus by current 
age of women. 

19. Number of children surviving for mothers 10 plus by 
current age of mother. 

20. Number of births between Pebruary 1, 1983 and January 31, 
1984 by age of· women. 

Sudan 
1973 census 

Provincial level (10 provinces) 

1. Population by place of residence, mode of living and sex. 

2. Population of towns by sex. 

3. Population and households by size of houshold and 
institutions. 

4. Population by age and sex. 

5. Population by marital status, age and sex. 

6. Population born in Sudan and outside by age and sex. 

7. Population by place of birth, age and sex. 

8. Population by nationality, age and sex. 

National 

1. Population by relationship to head, marital status, sex 
and province. 

2. Population by place of birth and province of enumeration. 

3. Socio-economic characteristics for 35 selected towns 
(urban). 

4. Urban population by sex and size class to towns. 

1983 census 
Provincial level (18 provinces) 

1. Population distribution by mode of living, area and 
peoples councils. 

------------------------------11--" 
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2. Population by single and five year age groups, sex 
urban/rural aha nomadic. 

3. Households by size and population, urban/rural, nomadic. 

•• Households by size, po~lation and number of family 
nucleus. 

5. Population 12 plus in private households by sex, 
relationship and marital status. 

6. Heads and other members of households by age, 
relationship, urban/rural and nomadic. 

7. Population by sex, age, marital status, urban, rural. 

8. Ever lIIarried wollen 12 plus by age, nUlllber of children 
ever born, urban/rural. 

9. Ever married women 12 plus by age, number of children 
surviving, urban/rural. 

10. Mothers 12 plus by sex and survival of last birth during 
3 years preceding the census, urban/rural. 

11. Population by age, sex and survival status of mother, 
urban/rural. 

12. Usual residents by province of birth (urban/rural), sex 
and broad age groups (urban/rural). 

13. Non Sudanese by continental origin by sex, broad age 
groups and place of birth. 

14. Usual residents of large towns (50000 plus) by sex, broad 
age groups and place of birth (urban/rural). 

National (proposed) 

In addition to the 18 provincial table volumes, it is proposed 
to aggregate the provincial tables to produce regional and 
national tables. Also additional tables at national level are 
envisaged. Tentative list 1s given below: 

1. Urban population by province of birth and province of 
usual residence (urban/rural) and sex. 

2. Population (urban/rural) by duration of residence in 
province, age and sex (urban/rural). 

3. Ever married females by age, children ever born by sex of 
children (urban/rural). 
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4. Ever married females by age, number of children surviving 
by sex of children, (urban/rural). 

5. Mothers 12 plus with at least one child under 15 years of 
age living in the same household, by age of mother and by 
age of children (urban/rural). 

24. A look at the types of analyses carried out during the 
1976 and 1986 rounds also will give us an idea as to the 
widening scope of demographic and related data analysis and the 
importance countries have attached to such detailed studies. 

A. Liberia 
1974 census 

1. Land and Life 

Historical background; geographic 
social life; education, health 
government, economy. 

features; people 
and religion; 

and 
the 

2. Quality of census data 

Introduction, coverage error; content error; collection, 
processing! and presentation error; comparability of data 
of censuses of 1962 and 1974. 

3. Population distribution, urbanization and migration 

4. 

Introduction;population distribution and density by 
counties; population growth by counties; urbanization; 
urban population growth; concentration of urban 
population growth; international migration; internal 
migration. 

Sex and age composition 
General; overall sex 
observed overall sex 
reported and adjusted 
and sex, 1974. 

ratiO; spatial distribution of 
ratio; observed age distribution; 
distribution of population by age 

5. Fertility 
Introduction; level and pattern of fertility. 

6. Mortality 
rntroduction; level and pattern of mortality; rural/urban 
differentials. 

7. Ethnic affiliation and citizenship 
Ethnic groups-components and growth; spatial 
concentration of tribes; urbanization; age; sex 
situaions; citizens and aliens-size, 9rowth, spatial 
distribution; citizens and aliens by sex and age. 

8. Population projection 
Introduction; total populations; sex and age structure, 
rural/urban differences; components of growth of 
projected population. 

----------------------------------------------------~I~ 
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1964 census (proposed outlines) 

1. Evaluation of Data 

Evaluation and appraisal of data collection system, 
instruments and procedures. Pilot testing, training, 
quality controls, field checks etc. Data proceSSing and 
tabulation. Coverage evaluation. The PES and findings 
and results. Content evaluation. Age and Sex. Single 
year and five year group data. Digit preference, age 
preference, omission, duplication, shifting. Indices for 
digit preference. Age and sex ratio and UN Joint 
scores. Comparison with 1974. Cohort comparison-
survival ratios (cohort and overall). Age-sex 
distribution-percentage distribution, cumulated 
percentage distribution. Derived ratios like child 
women, dependency ratios. Mean and median ages by sex. 
Growth rates by age group and seX. Population pyramids 
and other pictorial representation of age sex data. 
Manipulation of reported (adjusted) age sex data. 
Reverse survival, forward survival methods. Comparison 
with models. Derivation of fertility and mortality 
parameters from age-sex data. One census and two census 
methods. Comparability of parameters with estimates from 
past and current data and information available from 
other sources. 

2. Population size, growth, and age-sex structure 
Population size as from 1964 census. PES results and 
adjustments. Comparison of 1984 population with 
projections and estimates. National projections, other 
projections from UN, RCA, other international agencies. 
Growth rate of population. Growth of age-sex segments. 
Implications on dependency, youthfulness of population, 
old age groups and working ages. Sex composition and 
changes over time and space. Implications of age-sex 
distribution for population growth, fertility, mortality 
and migration. Effects of age-sex composition on needs 
for education, health, food, housing, employment etc. 
Comparison of growth rate with past and with other 
African and developing countries. Implications of growth 
rate and age sex distribution of future population growth 
size, structure etc. 

3. Ethnic and religious composition 
Socio-cultural patterns of thl; v<lrious ethnic and 
religious groups. Spatial distribution and changes in 
size, age-sex structure. Attitudes and beliefs impinging 
on education, economic activities and way of life. 
Kinship groups, marriage, polygamy, divorce. Attitudes 
and practices relating to child bearing and child 
rearing. Health and living conditions. Migration and 
movements. Internal and international migrations. 
Housing patterns and amenities. Estimates of fertility, 
mortality and population change. 
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4. population distribution 
population distribution over space. Changes over time. 
Growth and declines of localities. Causes and 
consequences. Density and land utilization. Spread of 
population and impact on aocio-economic development 
planning. Size class of localities. Lorenz Curve and 
Gini Concentration Ratios. Rural development programme. 
Availability of education, employment opportunities, 
housing amenities, health facilities etc., by rural 
residence. Changes over time. Density charts and dot 
diagrams. 

~. Nuptiality and fertility 
Socio-cultural factors in nuptiality, fertility and 
family formation. Value of children and other societal 
norms affecting level of fertility. Proportions married, 
mean and median age at marriage. Polygyny, divorce, 
widowhood and separation. Childlessness. Perception of 
high infant and child mortality. Role of childr:en in 
economic pursuits. Influence of education. Changing 
pattern and age at marriage. 
Level and pattern of fertility. Use of current (past one 
year births) and retrospective (children ever born) data 
to estimate level of fertility. Comparison with previous 
esti~tes. 

Differentials by soeio-economic and geographic 
characteristics. Education, religion, ethnic group, 
economic activity, rural-urban etc. 
Family planning and contraceptive practices-traditional, 
other. Perception of large family size among 
population. Population policy indications and 
governmental perceptions and pronouncements. Fertility 
prospects. 
Estimates of fertility from other sources-age-sex 
distribution. One census and two census methods. Coale 
Demeny, Reverse survival Methods. 

6. Health, morbidity and mortality 
Hospital and health facilities. Food and nutrition. 
Economic and social conditions affecting health, 
morbidity and mortality. Maternal and child health 
programmes. Immunizations. Provision of safe water 
SUpply, improvements of living conditions - toilets and 
other environmental improvements. Morbidity and causes 
of death. Vital and health statistics. 
Level of infant, child and adult mortality frolll child 
survival and mother survival data. Comparison with 1914 
data on age sex composition, child survival. Deaths in 
household by sex. 
Life tables by sex. Comparison with 1914 and previous 
information. Trend of mortalIty. 
Mortality differentials - socio-economic and geographic 
implications for future course of mortality. 
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7. Migration and urbani;ation 
Estimates of internal migration by growth rate method. 
Place of birth data and duration of residence 
information. Life time and intercensal migration using 
two census age, sex and place of birth data. 
Sources and destinations of internal migration, Causes 
and consequences. Depletion of population in rural and 
remote areas and fast growth of urban localities, towns 
and especially Monrovia. Selectivity of migration by age 
and sex. Trend of migration over time. 
Urbanization and growth of towns. Trend of urbanisation, 
characteristics of urban and rural populations. Changes 
over time. 
Impact of rapid urbanisation on urban areas - housing, 
provision of education, health facilities, employment, 
food etc. 
Future prospects of migration and urbanization in 
Liberia. Policies and programmes to modulate migration 
and urban growth. 
International migration. Role of international migration 
in manpower needs. 

S. Population projections 
Evaluation of basic demographic parameters-age, sex, 
fertility, mortality and migration. Adjustment of base 
age sex data and parameters. Assumptions of scenarios on 
fertility, mortality, migration. Projections ~f national 
population by age and sex. Urban-rural projections and 
other sub-national projections, e.g. for counties, 
districts and other lower level administrative ecological 
regions as needed. Sectoral projections like school, 
economically active, households etc. Estimation of food, 
health and housing requirements. Implications of 
alternative and speculative projections. Policy 
implications and choices. COmParison of projections with 
other international projections. 

B. Sudan 
1973 census 

1. Land and people 
Introduction; the land; administrative aspects; 
transportation, communications; the people-beliefs, 
tradition, culture, population size, fertility, mortality 
and migration; population growth and prospects. 

2. Population count, age sex and other characteristics - an 
evaluation 
Introduction; the 1955/56 count; other data; the 1973 
census; census questionnaire and enumeratioDi population 
count; population distribution; the nomads; the cotton 
pickers; sex ratio; survival ratios; age distribution; 
fertility, mortality and migration; population size; 
conclusions and recommendations. 
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3. Mortality analYsis 
Introduction; past findings and other data on mortality; 
data from 1973 census; mortality level; mortality 
differentials; summary, conclusions and recommendations. 

4. Fertility analysis 
Introduction; past data and findings; -data from 1973 
census; fertility level; fertility differentials; age 
pattern of fertility; fertility trends and prospects; 
summary, recommendations and conclusions. 

5. population distribution, migration and urbanization 
Introduction, past data and findings; data from 1973 
census; estimates of migration by age, sex and province; 
urban growth; urbanization by province and growth of 
towns; causes and determinants of migration; consequences 
and some implications of migration; external migration; 
future prospects of migration, urbanization and 
settlement; policy recommendations; conclusions. 

6. population projections 
Introduction; brief review of previous population 
projections; projections based on 1973 census; estimates 
of 1975 base data; assumptions; total population by 
single calendar years; population by age, sex and by 
single calendar years, 1975-85; population by provinces; 
city populations; summary and findings. 

1983 Census (proposed outlines) 
Brief Outlines of Analytical Reports 

1. Evaluation and Adjustment of Basic Demographic Data 
Introduction; Importance and need for data evaluation; 
quality checks and controls in the various stages of data 
collection, data preparations and tabulation of data; 
types and varieties' of data collected. Quality of 
age-sex data collected; Cover.age of population and of 
various age-sex groups. sampling in census. Comparison 
with 1973 census, surveys etc. (SFS, data from education 
ministry etC.) I adjustment of data and lessons learnt 
from the 1983 census. 

2. Fertility Analysis 
Introduction; Data situation quality; Socio-cultural 
factors - marriage, nuptiality and value of children; 
level of fertility. Childlessness, sub fertility; 
patterns of fertility age, marital status; 
differentials I socio-economic, regional (rural/urban, 
provincial) I fertility and family structure; fertility 
trends. Cohort fertility; fertility prospects. 
Population policies and family planning implications of 
fertility. Summary and conclusions. 
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3. Mortality Analysis 
Ifttroduction; Health situation, hospitals and housing 
conditions. Environment. Nutrition and food 
consumption. Attitude and practices. Causes of death, 
morbidity. Sources and quality of data; level of 
mortality. Infant, child and general mortality; 
mortality patterns. Age-seX patterns; mortality 
differentials-sex, age, socie-economic, regional 
(rural/urban, provincial); mortality trends. Changing 
pattern of diseases and oauses of death; prospects of 
mortality deoline and changes; health polioies and 
planning for development. Health for al1 by year 2000. 
Population policies and their impact on health, nutrition 
and mortality. Implications of mortality on population. 
Summary and conclusions. 

4. Migration Analysis 
Introduction; Spatial distribution of population in 
Sudan. Environmental, socio-economic situation and 
political faotors of movements; data availability and 
quality; population distribution, dispersion and 
density. Causes and implications;. estimation of 
migration - Direction, volume and characteristics; causes 
and consequences of migration. Urbanization and growth 
of towns. Employment, housing and environment. Health 
and diseases, drought; trends in migration: age-sex, 
direotion and volumes; prospects of population 
movements. Implioations on agriculture, land 
utilization, employment; implications of migration on 
population policies. summary and conclusions. 

S. Household and Housing 
Introduction; Problem of housing-big cities and 
migration; housing quality in rur~l and urban areas; 
sources and quality of data. Household and housing data 
from censuses, surveys and admini$~rative operations. 
Master plans for cities; socio-economic determinants of 
housing. Households and families. Migration and its 
impact on housing. Family size. dousing amenities and 
facilities in towns; projection of households and 
housing. Estimation of housing need. 

6. Population Projections 
Introduction; Importance and need for population 
projections. Types of Projections. Period and frequency 
of projections. Available population projections and 
their evaluation in respect of results of 1983 census. 
Lessons learnt from the comparison. Sources and quality 
of data. Components of population change. Assumptions 
for base data and future periods; projection 
methodology. Mathematical and other methods. Component 
method. Projection of sub-national, sectoral 
populations. Variants of fertility. Hypothetical 
projections. Impact of dynamics of population change and 
their implications; implications of population 
prOjections for social, economiC, regional planning and 
policy-making. Summary and conclusions. 



2.3 Sources of Errors and Biases 

25. Evaluation or appraisal means the measurement of 
achievement against goals. Evaluative tools are often 
necessary to gauge success or failure of efforts made in regard 
to massive and multipurpose data collection. Involving as 
they do several enumerators, varied types of respondents, 
variety of topics, difficult logistical problema and a wide 
range of procedures and processes, they provide ideal ground 
for evaluative studies because at every step and stage of data 
collection, compilation and presentation there are 
possibilities to introduce errors, biases, deficiencies etc. 

26. It is not possil:ile to avoid completely every type of 
error etc, but what one attempts to achieve is to minimise 
these deficiencies and, in fact, what we usually need is an 
indication of the range of variation (perhaps not too wide) in 
the, data. Thus an evaluation and appraisal of the data is a 
pre-requisite before they are interpreted, utilised etc. 

27. Evaluation has three main objectives ,- (1) to identify 
the types and sources of error or biases in order to know which 
groups, items or methodology produced these deficiencies so 
that appropriate preventive measures can be taken; (ii) to 
measure accuracy, i.e. provide the range of, variation of the 
data for the users in the appropriate analysis and applications 
of the statistics and (iii) to adjust the data taking account 
of the varieties and amounts of errors in the data. 

Types and sources of errors and biases 

28. Evaluative studies probe into the quantitative and 
qualitative aspects of the data. Hence two types of errors 
being investigated by such studies fall under the broad 
headings:- coverage and content errors. coverage deals with 
the completeness and quantitative aspect of the enumeration 
whereas content pertains to qualitative characteristics like 
age, sex, marital status etc. There could' be overlap of 
content and coverage as when one wishes to evaluate sub 
populations of given age-sex groups where not only size but 
characteristics play a part. It is noted that coverage may be 
affected by or affects content characteristics. The usual 
omission of young children from enumeration is a case in 
point. ConVersely, content might affect coverage. For 
instance, if a question on military service is asked or any 
other question which might have connotation like conscription, 
taxation etc., then it can result in omission of the affected 
group. Omission or wrong reporting also might be caused by the 
questionnaire designs as when some detailed questions are only 
for certain segments of the population. For example, questions 
on labour force, marital status, fertility and so on which are 
for specific population groups, might induce the enumerators 
either to omit some of the persons in order to avoid additional 
work or shift them to groups which do not require such extra 

------------------------"-'11-" 
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labour. Exaggeration, on the other hand, can arise when some 
benefits are involved as in rationing, old age benefits, 
medical aid, voting rights etc. Enumerators might also be 
tempted to bloat up the groups if payments are according to 
numbers canvassed. 

29. One common feature of most census questionnaires has been 
that tbey bave ten lines for a possible ten-member household. 
Wben tbe number exceeds ten in any household, tbe instruction 
is to note down in the schedule tbat it is being cont.inued in 
tbe next schedule, write identification part.iculars in the next 
schedule and number the members as 11, 12 •••• Instances bave 
been noted of enumerators or respondents not proceeding as 
intended because of fatigue or inertia. This results in either 
complete omission of some members of large householdS or in 
putting tbe additional members as if they constitute a separate 
housebold. These would result in coverage and/or content 
errors in _data as observed in the 1973 census of Sudan and in 
the pilot census of Kenya, 1979. Inspite of the fact that such 
an error was noticed in the 1970 pilot census of Botswana and 
accordingly tbe 1971 quest.ionnaire had 12 lines, in 1981 again 
the questionnaire was prepared with 8 lines and a similar error 
has been noted in the dat.a. 

30. Another common observation is the one on questionnaire 
design whereby some items are relegated to obscure corners of 
the schedule. For instance, current. fertility and mortality 
from bouseholds are usually put in a corner or at the bottom of 
the questionnaire. Enumerators eitber ignore these as in the 
1973 census of Ioibya or do. not care to matcb them with otber 
information in the schedule like infants in the household, 
survival status of last years birth etc. In some cases usual 
members of households might have given birth during the year, 
but at enumeration time might have left the household either 
due to migration or death. If information is collected on 
usual members present, then information on t.hese births would 
be lost, especially if the mother is dead. If the infant also 
died, then that event also would not be reported. 

31. Pre-coding of a questionnaire has a lot of advantages but 
some problems may. arise, if care had not been taken at the 
preparation of the questionnaire. As an example, in the 1978 
census of Tanzania children ever born was pre-coded and the 
code for • not applicable' and • 8 or more children' was the 
same. This resulted in difficulties in analysis and 
interpretation. Also pre-coding, unless carefully planned, may 
result in much loss of information and definitely will restrict 
analysis. 

32. A salient point to keep in mind while preparing survey 
schedules is that it should be as clear as possible, should 
contain only what is essential for the purpose in hand, should 
not be loaded with questions which may arouse fear, suspicion, 
anger or hatred and should be easy to administer. Proper 
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education of both respondents and enumerators will go a long 
way 1n ensuring good quality data. 

33. Geographic preparation is an important element in data 
collection. If enumeration areas are not demarcated and 
identified, it is possible that enumerators may either omit or 
duplicate some areas, resulting in coverage and content 
errors. In this connection it is necessary to mention that 
listing of structures, dwelling units etc. would go a long way 
in ensuring accuracy of data. 

34. A common observation in surveys has been the omission of 
one person households. This would vitiate the data both 
quantitatively and qualitatively. Enumerators should call back 
these households where nobody is found at time of visit and in 
case all efforts fail, then they must try to obtain as much 
information as possible from neighbours. The problem of remote 
area dwelilers, nomads, mobile groups, sparsely populated 
hamlets, difficult terrain and environment and so on make 
enumeration indeed very difficult and must be planned well in 
advance. Ignorance, superstition, fear, hostility, anger and a 
general feeling of insecurity all could mar an enumeration and 
every effort must be made to ensure coverage and quality of 
information. Education, publicity and creation of rapport 
between the data collection agency and the respondents are 
channels for assuring cooperation and improving quality of 
data. In this vein, avoidance of questions which may arouse 
suspicions, fear etc. should be kept in mind. It is better to 
plan ahead and avoid bottlenecks than to adjust the data after 
collection. No amount of doctoring will cure the data of the 
errors, biases etc. 

35. The method of administering the questions, interpreting 
and recording them are important elements in ensuring data 
quality. Since the population may not understand the language 
or subject matter of enquiry, it is essential that training 
manuals and translations be used in local language to assist 
understanding by respondents and interpretation by 
enumerators. Care should however be taken that the questions 
are not mutilated in translation and information biased. In 
the Fiji fertility survey it was noticed that since the word in 
local language for 'former' and 'first' being similar (pahale) 
there was interchange in translation resulting in probl~s. 

36. Since there are usually many languages spoken in most 
Anglophone African countries, the census questionnaire is 
usually in English or at the most in one of the major language 
necessitating translation. But translations are always liable 
to be misinterpreted; this risk is all the greater when the 
translation is destined to be addressed to respondents with 
varying levels of competence in the language concerned. There 
are also instances of misunderstanding of questions. It looked 
from a perusal of census schedules of the 1975 census of 
Somalia that since the question on fertility was addressed to 
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only females aged 14 years and above, some enumerators 
interpreted that only female children should be recorded and 
actually in some areas only female children were noted down. 
Another instance of misinterpretation because of d~fficulty in 
translation seems to have occured in the 1973 ~census of Sudan 
where a child was literally taken as to be naturally very 
young. This resulted in mothers being reported as childless 
even in cases where from the schedule it was obvious that she 
was living with a grown up son or daughter. Here another 
miSinterpretation was due to ~the question on 'children living 
with you here.' A mother staying with her son or daughter was 
staying with them and not they with her. It also looked that 
some enumerators interpreted that the question on children ever 
born etc. was only for the wife of head and not for other 
members of household, 'especially if they are old, widowed, 
separated etc. These resulted in large proportions of females 
being not reported regarding the number of children ever born 
to them and they were all categorised as 'not stated.' Even 
genuinely childless women got milled up with the 'not stated' 
:md the problem 0f 'zero error' as noted by E1 Badry occured 
but with a di,rference and that is, there were only few cases 
re1>ort .. d as :''''[0 parity and there was no variation over age, 
making ~lio preblern of estimation of the 'true childless woman' 
extremely difficult. In this connection the questionnaire 
design of the 1980 census of Zambia looks superior, as it 
requires all eligible women to be relisted and their fertility 
history recorded. 

37. The ~ethod of data collection plays an important role in 
data quality. For instance whereas it may be easier to carry 
out a de facto count, in some cases it may be advisable to 
utilize the de jure concept in enumeration. Many times 
compromises are to be made. Again, in certain 8i tuations a 
reference date is adhered to ~whereas in others a floating 
reference date is used. Criteria for inclusion/exclusion of 
members of households also should be clearly spelt out so as 
not to vitiate results. In the 1955/56 sample census of Sudan, 
the de jure concept was utilized and the enumeration lasted for 
several months. Obviously no specific reference date could be 
fixed. It is suspected that these contributed to an inflation 
of the population. In the 1973 and 1963 censuses therefore the 
de facto concept with fixed reference date was adhered to. If 
a census is taken on the de facto concept and then a PES is 
conducted, even only after a very short interval, using de jure 
concept as in Swaziland 1986 census, the problems of matching 
and coverage evaluation becomes difficult. In the 1980 census 
of Zambia, in addition to de facto concept, there was a problem 
of no reference date in census. An instance of effect of 
looseness in the use of inclusion/exclusion criteria is the 
1978/79 labour force and migration survey of Lesotho. 
Apparently, absentees, were excluded if they were away for a 
month and included if they were to return soon (soon was 
instructed as one Week). The result was an omission of school 
children and those temporarily away (poSSibly looking for work) 
and thi~ vitiated the main focus .of the survey. 
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38. An important stage of data preparation is coding. Great 
'care is needed at this stage, as otherwise, the quality and 

usefulness of the data collected are reduced. The question of 
special coders for specific items versus one coder for all 
items, the method of payment - either per items coded or number 
of hours worked - all can affect data quality and should be 
evaluated. Another problem is that once an item is coded and 
transferred to the tape, it will not be possible to draw any 
additional information except by referring to the original 
sched,ules themselves. An illustration is the coding of place 
of birth in the 1973 census of Sudan which resulted in loss of 
valuable information. This could have been avoided by USing a 
three instead of the two digit code used in order to 
distinguish between intra district urban-urban and rural-rural 
migrants. Another instance is the omission of relationship 
column while coding data from the 1976 census of Lesotho 
depriving analysts of a valuable piece of information. 

39. An interesting example of coding errors vitiating data is 
that from the 1976 census of Lesotho. Examination indicated 
that most of those coded as 'not stated' were in fact 'zero 
parity, women reported with 88 children WaS due to wrong coding 
etc. At the -punching stage further errors are introduced, 
which if not checked and rectified could foul up the data. In 
the 1976 census of Lesotho and in the 1975 census of Somalia, 
it was observed that in many cases zero parity which should 
have been '00' got punched as '10' inflating number of 
children. Shifting of columns while punching, skipping lines 
etc.' also resulted in queer results. Verification should be 
thorough in order to escape from such situations. At least 
there should be no further deterioration of data quality once 
it has been brought to the office. An interesting problem 
noticed in data processing especially wbere the data processing 
expert does not know statistics or demography and the 
demographer/analyst did not instruct the data processing expert 
fully about the various terms and coding of data is that 
noticed in Sierra Leone at the 1985 census. Here the number of 
children ever born and those who died were coded numerically in 
two digits such as 00, 01, 02, •••• The 
not stated was given the code 99. In tabulating the data. the 
code 99 was considered as 99 children ever born or those who 
died vitiating both the parity and proportion of surviving 
children. An Observation in this connection is .in order. It 
was noticed in several cases that record keeping, especially of 
in and out flow of census or survey schedules was not 
satisfactory and this can result in loss of information. 
Another observation pertains to identification numbering of 
individuals wQile transferring information to cards, tapes 
etc. There should be uniqueness SO that identification becomes 
easy and accurate. This also will ensure that there is no 
duplication or omission of records while keying in data and it 
also assists in matching exercise. 

_______________________________________ .,1_ .... 
1
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40. A most important but difficult logistical problem is to 
ensure adequate stock of questionnaires in each of the 
enumeration areas, especially when terrain is difficult, 
transportation inadequate and COIIIIIIunication takes a long time. 
80th too much and too little numbers of schedules would be 
costly. This is valid for all other aspects of data collection 
in the field as well. A problem noted in the 1916 census of 
Lesotho was that there was shortage of questionnaires in SOlIe 
areas inspite of total number printed being adequate. This 
happened obviously because larger numbers were dispatched to 
outlying areas and hence less were left behind in Maseru. At 
the last minute while the enumeration was in progress, 
reprinting was resorted to but a mistake seem to have been made 
in respect of forgetting that the census booklet should have 
every tenth "page as a long qUestionnaire. only the short 
questionnaire was apparently printed and used in some parts of 
Maseru culminating in reduced sampling fraction, non 
representative nature of sample, etc. In the 1985 census of 
Sierra Leone, instead of the revised" questionnaire, only the 
pilot questionnaire was printed and used at the main censu.s. 

41. Before we conclude this section it is in order if we talk 
a little bit about the crucial role of the enumerator and 
supervisor. In addition to training and providing manuals 
etc., the enumerator should be impressed about thl1l necessity 
for good quality work in the short time usually aVailable for 
data collection. Close and continuous supervision is essential 
in order to avoid poor quality ot" information. Bspecially in 
the earlier stages of data collection, there is need for 
checking all the completed schedules and errors, mistakes etc. 
pointed out and investigated. If several enumerators make 
similar mistakes, then it may be adVisable to have group 
meeting for discussions and clarification of doubts. 

42. Since it is difficult, if not impossible, to assign 
cnatacteristics in the office after the data have been brought 
from the field and imputation should be avoided sa far as 
feaSible, it is necessary to impress on enumerators and 
supervisors that all of the information should be ftlled in the 
schedule in the field itself and not left blank, before they 
are turned in to the office. It may be easier and more 
reliable to assign the particulars while still in the household 
than after leaving the locality because the information could 
be corraborated with other members of the household, 
neighbours, physical or physiological factors, social status 
and a host of other variables related to the information one is 
looking for. In the 1914 sample census of Zambia age was not 
recorded for about a fifth of the population making the data 
of very little value. Another type of omission is brought out 
by enumerators who leave the sex column blank because to them 
the deciphering is easy from the name. This results in errors 
at the later stages of data processing when the sex has to be 
assigned. This is due to the fact that not only are names same 
in some cases, many times they are similar and the difference 
may be in the last vowel as in Spanish names like Francisco 
(male) Francisca (female) and in Arabic names the female name 
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is same as the IIIIIle one but witb II. vowel 'a' at tbe end as in 
Zuhair (male) Zuhaira (female). When handWriting is illegible 
or the writing is affected by atmospberic factors smudging the 
writing, tben assignment of sex may result in errors. 

43. In any enumeration there will be cases with missing 
entries for cbaracteristics - usually called '.not reported, 
'unknown' etc. Tbere are 'several metbods 'of imPuting values 
for sucb characteristics wbicb are consistent with other 
characteristics. Hot and' cold deck metbods are well known. 
However, serious reservations have been raised about 
imputations etc. and hence every effort must be made to collect 
all information in the field itself (Banister, 1980). 

44. Finally a word or two about the kingpin of any survey -
the respondent - is essential in the understanding of data 
quality and quantity. It is the respondent who supplies the 
inforllllltion and be plays a vital role in tbe success or failure 
of a survey. His cooperation is essential to achieve the aims 
of an investigation. However, due to ignorance, superstition, 
fear or other feelings or. again sometimes deliberately tbe 
respondent may supply incorrect or biased information. 
Instances of respondent resistance in supplying information to 
enumerators or wilfully falsifying the data are noted when the 
data collection is 'associated witb governmental activity like 
taxation, conscription or allocation of benefits as was 
reported during the 1964 census of Libya and same is suspected 
at the 1962 census of Nigeria. But generally the,experience in 
developing countries is 'that very rarely does the respondent 
deliberately try to give false information or refuse to provide 
information. Mostly it is ignorance or, superstition which 
affect data quality. Publicity, education campaign and otber 
avenues have been applied to improve the reliability of data 
collected. In this connection the role of young persons, 
especially school or college cbildren bas been noted to be 
wortb trying. 

45. flven thougb it may be difficult to see all the reported 
members in a housebold either because they are pbysically' 
absent from the bousehold or are present but cannot be seen 
because . of ill bealtb, socio-cultw;al reasons (purdah), Age 
(infancy) etc., it may be a good idea to see as many as 
feasible and get information from individuals particularly on 
personal characteristics. 

46. Several methods of preventing errors and biases at tbe 
planning and data collection stages have been indicated in the 
previous discussions. There is need also to control the 
quality of tbe data after it is collected especiallY at the 
subsequent stages like storage, editing, coding, keying, 
processing, tabulation, publication etc. 'Quality' refers to 
fitness for use; or the degree to which a specific product 
satisfies the wants of the users and 'control' means the 
planned cycle of activities by means of which intended 
objectives and quality standards are achieved. Quality 

_______ ... _________________ -,1_ 
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control, thus encompasses the entire collection of activities 
by which fitness for use is achieved (POPSTAN, 1979). 

47. A quality control system encompasses the following: (a) 
establish"ing Quality standards, (b) determining verification 
techniques, (cl'<measuring quality through record keeping, and 
(d) taking timel~ and appropriate action to maintain the 
desired quality. since a census involves a complex arrangement 

" of people and machines "~rating on material and information, 
there is enough scope to '~"roduce quality control at various 
stages of data production 'and especially at the editing, 
coding, keying. processing, tabulatipn and publication stages. 
It is recommended that countries pl~n to integrate quality 
checks and controls at various levels from the early stages of 
preparing for a census so that a good quality product can be 
ensured. Prevention is better than cure. 

48. We have listed the various channelS and avenues through 
which errors and biases in the data could enter, what types of 
deficiencies result tberefrom and what preventive and remedial' 
actions need be taken. These are only illustrative and do not 
claim to cover the entire gamut of types and sources of defects 
in the information collected. What is really aimed at is to 
pOint out that any slackness or negligence in anyone of the 
several aspects of data production can lead to deterioration in 
data quality and at the same time stressing the importance of 
quality assurance. 

49. Since the cure should be specific to a disease, so is the 
case with data adjustment or correction. Once the source and 
types are identified and the error and its magnitude detected, 
appropriate remedial measures could be instituted to make the 
imformation usable. This also enables one to plan future data 
collectioA in a better way. The more one knows about the 
problem, the easier it becomes to take care of it. 

50. In the next section we present methods, techniques and 
tools for the detection and evaluation of possible errors, 
biases and deficiencies in a given data with particular focus 
being put on basic demographic data, i.e., population size, its 
structure (age and sex) and dynamics (fertility and mortality). 

2.4 Methods of data evaluation and error detection 

51. How do we evaluate demographic data] There are two broad 
types of techniques of data evaluation and error detection -
the direct and the indirect methods. Among the direct method 
are the reinterview surveys through post-enumeration checks. 
Internal and external consistency checks, analytical tools for 
deriVation of parameters leading to consistency-convergency 
criteria (i.e., the derived parameters should be consistent 
with each other and with the other types of data and 
information "available and they should form a convergent set and 
not differ "too w~ely among themselves) constitute the indirect 
methods. 
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52.. Even though it is difficult to utilize indirect methods 
efficiently to estimate coverage error, therq are several 
instances where such coverage errors were in fact detected by 
these methods. 

Direct Method - Reinterview Surveys 

53. Surveys conducted shortly after the field operations are 
completed are generally referred to as post-enumeration 
surveys. They are carried out on representative sample areas 
taking account of the heterogeneity in the data and keeping in 
view that one should be able to generalise and get information 
on important special segments of the populaion. Thus 
population clusters, EA (enumeration areas) or other 
identifiable geographical units are utilised. These surveys 
are carried out for coverage and content error checks and for 
collecting additional inforllllltion. For evaluating content, a 
sample of househ<>lds or persons enumerated in the enquiry can 
be reinterviewf;d. For evaluating coverage, however, an area 
sample is requ:r~d. Two basic designs have been used - (a) one 
which stresses attaining high accuracy by using better 
qualified enumerators, choosing the most knowledgeable 
respondents to provide inforllllltion, better interview Jllethods 
etc., and (b) one which strives for an independent repetition 
of the first enquiry under essentially the same conditions. 
Matching and reconciliation is then carried out. Evaluation of 
coverage is thus more difficult with a de facto census and it 
is more so when there is no reference date. 

54. The timing of the PES should be such as not to be too 
close to the enquiry or too far from it. For independence of 
the operations, it is essential that all field data are 
received back in the office. PES has been used as a single 
system to replace the figures obtained in the first enquiry or 
as dual system for corre'.:<:ion and adjustment. 

55. Very few African countries have utilised the PES as an 
instrument for checking the' quality of enumeration in terms of 
coverage and content. According to BeA, of the Anglophone 
countries that completed the 1970 round of censuses in Africa, 
no ad hoc PES was undertaken in: Botswana (1971), Gambia 
(1913), Lesotho (1976), Libya (1973), Mauritius (1972.), Sierra 
Leone (1974), Somalia (l975), Sudan (1973), Swaziland (1976), 
Tanzania {1967- only a regional study was madel, Uganda (1959) 
and Zambia (1969). In the 1960 census of Ghana, the content 
and coverage evaluation survey was combined with a 
supplementary enquiry to collect much needed additional 
information and on the basis of experience, the 1970 
supplementary enquiry put mOre stress on collecting additional 
infOrmation. 

56. Some of the countries, however, succeeded in getting 
conclusive results from PES. Liberia (1974) and Cameroun 
(1976) are important among them who could assess the coverage 
of population by sex and broad age segments. In the case of 

• ----______________________________ -·f~ ,-
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Kalawi (1966) and Kenya (1969), the PES clearly indicated 
underenumeration in the census and these formed the basis for 
correcting census totals. 

57. In Libya (1973) and Mauritius (1972) there were no PES 
but data quality and coverage were evaluated by analytical 
tools. In Sudan (1973), on the other hand, in addition to 
analytical tools, there were resurveys and check surveys 
carried out in specific areas and among groups where doubts 
were raised on enumeration quality. The resurvey in Nigeria in 
1963 consequent on the census of 1962 is well known for the 
controversy it generated. Such surveys might have serious 
implications. Any group not satisfied with an enumerated 
population figure might demand a recount and stop only when its 
expectation is fulfilled-however unscientific the expectation 
be. It is thus essential that no scope be given for such a 
contingency. 

58. The general recommendation by EeA during the 1970 round 
of population censuses in African countries was that ad hoc 
post enumeration surveys should be done for evaluating the 
census data. It was stressed during the second meeting of the 
African Census Programme country experts held in Addis Ababa in 
1974 that the census evaluation should consist of coverage 
rather than content checking when a PES is undertaken to 
evaluate data. For errors of content, the data~ should be 
evaluated by using methods of demographic analyses. 

59. For the 1980 round of censuses, the working group on 
recommendations for the 1980 population and housing censuses in 
Africa (July 1978) urged that, "a post enumeration survey for 
coverage evaluation should be planned, organised and executed 
as an integral part of a population census." (BeA, 1986) 

60. Despite this recommendation, only 15 out of 47 countries 
which carried out censuses between 1975 and 1984 carried out 
coverage evaluation surveys as part of their census 
programmes. These are: Algeria (1977), Botswana (1981), 
Burkina Faso (1975), Burundi (1979), Cameroun (l976), Cote 
d'Ivoire (1975), Equator ial Guinea (1983), Ghana (l984), Kenya 
(1979), Liberia (1984), Madagascar (l975), Mozambique (l980), 
Senegal (1976), Zaire (1984) and Zambia (1980), 

61. From the evidence available so far on the post 
enumeration surveys carried out in the 1980' s, it appears that 
the main objective of coverage evaluation may not be 
attainable. In the case of Zambia (1980) the sample design of 
the post enumeration survey 'was found to be defective and the 
results cannot therefore be used to detect coverage and/or 
content errors.' As such the PES data was "used for training 
in coding and other aspects of data processing" (zambia, 
1987). In the case of Botswana (1981) although the PES results 
have not been published, problems faced by the PES included 
"fatigue on the part of the field staff," "refusals by 
respondents" and 
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quality of enumerators· andsu{>el:vtslng staff 
those used for the census enumeration." 

62. The results of the Ghana (.1984) pES have not yet been 
published. According to "the preliminary report of the census, 
it is stated that although "the enumeration was somewhat 
prolonged" (having lasted from 11-30 June 1984 compared to the 
census which lasted from 11-22 March 1984) and there were some 
"difficulties in accessibility" due to rains, field enumeration 
presented few problems. (Ghana, 1984) 

63. Concerning the use of other methods of evaluating census 
coverage, "the current situation in the region regarding 
household sample surveys and administrative records seem to 
indicate that the PES would be, for the present, the only 
feasible source of data for census evaluation stUdies." (ECA, 
1987) It appears that thes':! same problems faced by the 1980 
Round PES· were similar to those faced by the 1970 Round PES 
also. There was general lack of enthusiasm j.n many African 
countries during the 1980's for the use of a PES to evaluate 
census coverage. This situation can be improved by eliminating 
the problems facing PES in Africa. Improvements in census 
cartographic preparations, better delimitation of enumeration 
and sample area boundaries and training of enumeration staff in 
map reading can minimize problems associated with identifying 
the areas to be covered by field staff. The problem of 
matching households and persons names can also be nelped by 
RIOre thorough identification specifications. There is also 
need for adE<,.;;ate budgetary provision and remuneration of 
staff, and thorough training of evaluation technical staff to 
ensure high quality execution of the PES after the exacting 
demands and resultant fatigue from the census. Among the 
problems associated with PES discussed by the working group on 
recommendations for the 1990 Round of population and Housing 
Censuses in Africa, were the following, (a) Manual matching 
resulting in considerable delays: (b) inadequate provision on 
the questionnaires for identifying householdS and housing 
unitsl (c) recording on names of respondents, (d) inability of 
enumerators to read maps thus failing to cover selected sample 
areas accurately, (e) failure to achieve independence between 
the PES and census, and (fl importance of the timing of the PES. 

64. As regards use of data from PES/Census comparison, the 
Working Group telt that estimates of coverage error should not 
be used to correct the total count obtained from census but 
could be used in adjusting the age and sex distribution of the 
population for purposes of population projections. However, 
the Working Group noted that use of the PBS for content error 
evaluation was ga1n1ng acceptance. As the accuracy of 
estimates derived through evaluation using analytical 
techniques can be adversely affected by errors in the ,census 
data it was suggested that African countries might consider 
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using the PBS not only for coverage error evaluation bUt also 
for evaluation of content error. For the future however, it 
appears 'that African censuses will rely more heavily on the PBS 
as the best way of evaluating coverage errors. For content 
errors use of demographic analysis techniques can be 
supplemented by the PBS data. 

65. EVen though the experience of African countries in 
carrying out PES is still inadequate, the common feature of 
those few PES carried out is that they utilised the available 
area frames and maps and did not attempt to evaluate the 
adequacy of the cartographic and other ,areal preparations of' 
the census. Thus, it seems that What Was done WaS an appraisal 
of population count within the delimited areas and there WaS no 
attempt to check completeness of areal coverage. 

66. Some of the major factors contributing to the failure of 
PES were: (i) Population mobility; Iii) unrecognisable 
boundaries of sample areas or inadequacy of geographic 
preparationl (iii) varying names of persons and also many 
common names, different ways of spelling names etc., and; liv) 
general fatigue of enumerators and perhaps of the repondents. 
An example of, the last factor is shown by the PBS conducted 
after the 1981 census of Botswana. 

61. With the experiences from the 1910 and 1980 rounds of 
African censuses, the 1990 round census recommendations on 
coverage evaluation included post enumeration surveys as a 
desirable component in the census evaluation programme bUt 
keeping in view the experiences of the past, it was stressed 
that unless tests show that the technical problems involved in 
matching and other important aspects of a PES could be 
controlled to ensure satisfactory results and adequate 
budgetary prOVision and the necessary technical expertise would 
be avail4ble, the exercise should not be attempted. It further 
re-emphasized that in view of the relatively limited experience 
of African countries with t.he PES and the known problems in 
carrying it out, countries which opt to include it in their 
census evaluation programme may use it to evaluate only the 
census coverage. Content error should be evaluated by 
teChniques of demographic analysis and the PES should 
positively avoid being a vehicle for collecting supplementary 
information. (BCA, 1987) 

Indirect Methods - Analytical Techniques 

68. AIIIOng the indirect methods we have two broad categories -
the external and the internal consistency checks. In the 
former, we compare the enquiry result with other external 
eVidences to arrive at the relative acceptability of the 
former. Ill' the internal cot;lsistency checks, we analyse the 
data and check whether a broad picture of the reliability of 
'the various information collected emerges. The reliability or 
otherwise is measured by the criteria of consistency and/or 
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covergency of the parameters derived from the data and other 
tools of analyses of data like the age ratio, sex ratio and 
joint score methods of age-sex data evaluation, consideration 
of growth rates, survival ratio, child women ratio, dependency 
ratio, proportions under various ages by sex, mean age of 
population (by sex), mean age of fertility, mean age of mothers 
at birth of children and also progression of age data over the 
age range. Vital parameters derived from the data by the 
application of dlYerse analytical tools, especially developed 
for the analyses and interpretation of defective and incomplete 
data are compared for consistency Ii.e, not conflicting with 
each other and with other evidences) and convergency (1.e., 
lying within a reasonably narrow margin of variation). Stable 
and quasi stable models, analogy etc and similar techniques 
also are powerful tools for data evaluation and error detection. 

69. Even though, as indicated earlier, indirect methods are 
not very powerful in the evaluation of coverage, still under 
certain conditions these tools could be used with care to 
arrive at possibilities of errors in coverage in addition to 
content error evaluation. 

External Consistency Checks 

70. One of the most important external consistency check is 
through the use of what is called the 'balancing equation.' 
Since a population changes by births, deaths and migration, 
this method utilises any information on these to appraise 
population figures. Por example, if there are two 
enumerations, one could utilise data from vital statistics and 
migration figures to obtain a ualancing equation: 

PI S Po + B - D + I - E, where 

PI and Po are respectively populations at the second and 
first enumerations. a, D, I and E are respectiVely the births, 
deaths, immigration and emigration figureS during the interval 
between enumerations. This equation can be applied for age-sex 
groups provided such detailed data are available. 

71. The table below compares, for each sex, the 1983 
enumerated population with the expected population based on the 
1972 census enumeration, registered births and deaths, and 
total international arrivals and departures for Mauritius. 
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Table 2.3 Intercensal population chanqe, 1972-83 

.!!!!!. Female Total 

Enumerated population 30.6.72 413,580 412,619 826,199 
Births July 1972 - June 1983 126,186 121,944 248,130 
Deaths July 1972 - June 1983 41,433 31,001 72,434 
~rivals July 1972 - June 1983 908,066 674,062 1,582,128 
Departures July 1972- June 1983 935,931 688,624 1,624,561 
Expected population June 1983 470,462 489,000 959,462 
Enumerated population 481,368 485,495 966,863 
Excess of enumerated over 
expected +10,906 -3,505 +7,401 
Excess as " enumerated 1983 
population +2.3 -0.7 +0.8 

72. It is observed that the total enumerated population is 
about 7,400 more than expected. The evaluation of the 1972 
census had shown a deficit of about 10,000. Their survivors in 
1983 would be about 8,500. It is therefore reasonable to 
assume that, on the whole, the 1983 enumeration has been better 
than that of 1972. However, whilst the deficit in 1972 was 
observed in both sexes, the gain of 7,400 in 1983 is made up of 
a gain of 10,900 males and a loss of 3,500 females. This 
finding appears not only unacceptable on its own, but also 
inconsistent with the estimated deficit of 5,900 males and 
4,100 f_les in 1972. There seems to be a problem with the 
sex distribution of one or more of the components entering the 
balancing equation. 

73. A systematic sample of 5,000 census questionnaires, 
selected from 55 enumeration areas chosen with probability 
proportional to size, was checked for errors in coding of sex. 
The sample, representing about 2.5' of all questionnaires, 
indicated that sex had been properly coded at the census. 
Coding of sex on live birth and death cards was also checked on 
a sample basis by matching the name of the person with the sex 
code on computer print-outs of births and deaths records. 
Again there was no indication of erroneous coding or punching. 
It was finally found that the problem was coming from the 
international migration data. Sex is not asked explicitly on 
the embarkation-disembarkation card and has to be deduced from 
the name of the person if the title (IIr., Mrs., Miss) is not 
clearly indicated. 

74. More reliable results are perhaps obtainable if, the 
analysis is carried out for Mauritians only, representing 99.5' 
of the enumerated population. The advantage of considering 
Mauritians only is two-fold: firstly, the international 
passenger traffic data are more reliable, because sex coding is 
better for Mautitiansl and secondly, the flow data can be made 
to refer only to the Population that really matters. All 
births and deaths relate to the Mauritian Population, and it is 
reasonable to consider only mauritian arrivals and departures 
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in the balancing equation, especially since total arrivals and 
departures are disproportionately large when compared to the 
population. For about a million Population, with 250,000 
births and 72,000 deaths for the intercensal period, there were 
more than one and a half million total arrivals and about the 
same number of departures. The number of arrivals of 
Mauritians only was 327,000, that is about 21' of all arrivals, 
and the number of departures was 372,000, constittuting about 
23' of all departures. 

75. The balancing equation method applied to the Mauritian 
population only shows (Table 2.4) that the enumerated Mauritian 
population is about 10,400 in excess of the expected 
Population, the gain being 5,300 for males and 5,000 for 
females. This sex breakdown looks more acceptable than the sex 
breakdown obtained above with the total population. Although 
these figures for Mauritius only are not strictly comparable 
with the findings of the 1972 evaluation on the total 
population, it is ~nteresting to note the close agreement 
between the 1983 gain of 5,300 and the 1972 deficit of 5,900 
for males, and the 1983 gain of 5,000 and the 1972 deficit of 
4,100 for females. Generally speaking, the balancing equation 
method shows that the 1983 enumerated population is consistent 
with the 1972 census data, and with vital registration data, 
and migration statistics, if one allows for the observed 
deficit of 1972 and also that the coverage has significantly 
improved. 

Table 2.4 Intercensal chanqe in Mauritian Population, 1972-83 

Male Female Total 
Enumerated Mauritian Population 

30.6.72 410,696 409,979 820,675 
Births July 1972 - June 1983 126,186 121,944 248,130 
Deaths July 1972 - June 1983 41,433 31,001 72,434 
Arrivals of Mauritians 

July 1972-
June 1983 207,859 119,517 327,376 

Departures of Mauritians 
July 1972-
June 1983 229,816 142,468 372,284 

Expected Mauritian Population 
June 1983 473,492 477,971 951,463 

Enumerated Mauritian Population 478,814 483,010 961,824 
Excess of enumerated over expected + 5,322 + 5,039 + 10,361 
Excess' as , of enumerated + 1.1 + 1.0 + 1.1 

_______ , __ -_____________ --,I-'!' 
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76. Vital registration data on births by sex and deaths by 
age and sex are available for the inter-censal period, as are 
also international arrivals and departures by age and sex. It 
has therefore been possible to survive the 197~ census 
population to obtain the expected 1983 population by sex and 
single year of age. The exercise has been done for both the 
whole population and for Mauritians only. Comparison of the 
enWllerated with the expected population is shown only for the 
Mauritian population, because of the problems in migration data 
for non-Mauritians. 

77. It is seen that the census population is larger than the 
expected survivors of the 1972 population except for ages 0-4, 
5-9, 45-49 and 55-59 for males, and ages 0-9, 50-54 and 65-69 
for females. Underenumeration is probably the explanation for 
the young ages, but otherwise this observation confirms finding 
of evaluation of 1972 census that the deficit was not 
restticted to specific age-groups. The deficit. of males at 
ages 45-49 and of females at ages 65-69 may be due to slight 
overenWlleration in the corresponding ages noted in 1972. The 
same explanation does not seem to hold for the deficit of 
females aged 50-54, this is probably due to some over 
statement of age especially since the deficit in ages just 
below 55 is compensated for by gains in ages 55 and just 
above. Hence, if allowance is made for the deficit noted in 
1972, and. for some age errors which must be present, then the 
enumerated and expected population show a striking consistency 
with each other (Table 2.5). For more details refer to 
analytial report Vol l(Maritians 1985). 

Table 2.5 Comparison of 1983 enumerated population with expected 
Population based on 1972 census (five Year of ages and 

by sex) - Mauritian population 

Male Female 
Age EnWlle- Expected Ditfa- EnWlle- Expected Ditfa-

Group rated rence rated renee 

All ages 478814 473492 5JU 483010 417971 5039 
0-4 55981 56941 -960 54911 55569 -578 
5 - 9 52261 52291 -30 51424 51877 -453 

10 -14 47953 47182 171 46489 46206 283 
15 -19 51303 56209 1094 56193 55774 419 
20 -24 52972 52601 671 52069 51441 628 
25 -29 44533 43005 1528 44450 44448 2 
30 -34 39021 37665 1356 38456 37573 883 
35 -39 26779 25694 1085 27624 26104 1520 
40 -44 19786 19329 451 20352 19846 506 
45 -49 19161 19411 -250 19439 19225 214 
50 -54 16053 15846 207 15961 16574 -613 
55 -59 17209 17670 -461 17449 16631 alB 
60 -64 11793 11637 156 12634 11831 803 
65 -69 8593 858B 5 9947 10048 -101 
70+ 9416 9123 293 15532 14824 708 
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78. Most of the countries in the region however, lack such 
detailed data but approxiJllations could be applied as in the 
following modification of the equation 

- Po + KG + KG, Where 

KG and KG denote respectively natural and migration 
growths, illlPlying that instead of the four colll/;lOnents we need 
only the net effect of natural and migration growth. Yet 
another modification is when migration is negligible giving the 
eq)llltion t 

Pl • Po + 

HG Pl - Po 
Hence .. ------

nPO nPO 

2(Pl - PO) 

HG, ie NG • 

.. IA (arithmetic growth rate per 
year, if n is the inter 

censal interval) 

or ---- -_ .... _ ... - ;: ----------.- IG (approximate geometriC 
n(Pl + PO) 

year, 
n(Pl + PO) growth rate per 

if n is the inter 
censal interval) 

In all cases the equation can be considered for age-sex groups, 
provided such detailed data are available. Unfortunately such 
information are rarely available and one can apply the method 
only for the total populatlon,perhaps by sex. 

79. For instance, the non Libyan population at the censuses 
of 1964 and 1973 were 49000 and 210000 and immigrants and 
emigrants during the period respectively 2367000 and 2223000. 
Vital statistics are not available for the entire period, but 
for the period 1972-73 the natural growth rate is known from 
rO!l9istration figures and is 1.4'. since the age-sex balance 
was better in the period previous to 1973, it is possible that 
the growth rate was higher. The balancing equation implies a 
growth of 1.9' which looks reasonable and hence the figures 
look consistent. 

80. For Ghana between 1948-70 and for Libya between 1954-73, 
three census figures are available and the following table 
(Table 2.0) shows the growth rates. Migration could have 
affected the values but only in the Case of libya, do we have 
figures but not by sex. 

Table 2.6 Intercensal Growth Rates [Annual Geometre: 
Ghana and Libya (Libyans) 

Ghana Libya Libya (adjusted for 
migration) 

Female 1948-60 1960-70 1954-64 1964-73 1954-64 1964-73 

Male .0417 .0225 .0385 .0332 
.0365 .0333 

Female .0418 .0263 .0378 .0354 

_____________ M ________ " _________________ ... _,,~ 



- S5 -

81. Obviously, the growth rates in the earlier !;>eriod are 
higher than in the latter per iod, contrary \10 expec:tatloos 
unless out migration was heavier in the latter ~h<vl the former 
period or immigration heavier during the first than the 
second period. In Ghana it is known that. migr~tion was 
heavier between 1948/1960 and in Libya we ·trav~ adjust,:,d, fo, 
migration. Thus it indicates that the 1948 census of Ghana was 
an underenumeration as compared with census of 1960 ah.d t~iS ~ 
admitted. In Ghana between 1960 and 1970 there was an exodus 
of Non Ghanaians and this is responsible' for the observed lower 
growth rate. Actually the growth rate of the Ghananian 
Population during 1948-70 was very consistent and thus 
indicates that the enumeration were resonably good. In Libya, 
the 1954 cen·sus was the first attempt in a vast and 
climatically difficult country· and a huge underenumeration 
was known to have occured. In. 1964, on the other hand, due 
to an impending election, there is reported to be an 
overenumeration. The growth rates depict the picture very well. 

82. A related method using survival ratios of groups (either 
in specific ages or in groups of specific ages) is yet another 
tool, but will be considered later. 

83. Other types of external consistency checks are those 
based on comparisons of specific age-sex groups in one 
enumeration with data from other independent sources. For 
example, children of school age, schooling population, persons 
of voting age, working age etc. could be compared with data 
from school statisl:.ics, electoral rolls, labour bureau, 
rationing authorities, registration of vital events, other 
civil registers etc. However, one has to be cautions in 
interpreting the findings, as sometimes, it is known that the 
independent external sources used might be subjected to similar 
types of errors as the enumeration or may have different types 
and magnitudes of erros and biases and hence may not be 
comparable and will lead to wrong conclusions. 

84. As an illustration, the non Libya workers from 1973 
census of 111524 is compared with statistics from manpower 
division which was 117344 on 20 June and 126000 on 20 September 
1973. Census was on 1 August and the figures agree very 
closely. Another data is primary school children. Ministry of 
education gave 259729 boys and 196131 girls in schoola in 1973 
as against census values of 250556 boys and 184329 girls. 
Timing difference explains most of the discrepancy, which is 
anyway not large. 

85. Comparing the student population by age and also by grade 
both frOJll census and school statistics for Mauritius given in 
the following table, we can notice that the differences .are 
marginal. However, a salient point to note 18 that the census 
figures are consistently higher than the school statistics, 
when considering age but is the reverse while considering grade 
data. The discrepancy is explained by the fact that school 
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statistics includes children under 5 and over 20 between grades 
PI to 86. Also the timing of the two systems DIllY not be 
strictly comparable. But the differences are quite smal •• , 

Table <1.7. 
Age group 

05-09 
10-14 
15-19 
05-19 
05-12 
13-19 

Grade 

Primary 
(I-VI) 
Secondary 
(I-VI) 

Co!DP'rison of 
Male 

SChool Stat. 
50496 
3776~ 

18840 
107105 

75045 
32060 

67509 

40057 

school and census statistics, 1~83 
Feule 

Census 
51438 
38082 
1~456 

108976 
76392 
32584 

67156 

39916 

School 
49686 
34<126 
16160 

100012 
72534 
27538 

65746 

35906 

Stat. Census 
50632 
34992 
16758 

102382 
H130 
28252 

65155 

35685 

86. It is important to point out that all the above metbods 
are not conclusive and even if perfect agreement is shown 
between the two sets of data, it cannot be concluded that they 
are acceptable. This is because of compensatory errore. '!'hese 
are necessary conditions for acceptability of data but are not 
sufficient. One has to carry out other exhaustive t~sts before 
final conclusion can be drawn. Some of these will be described 
below, but they too are not entirely free from similar defects. 

Internal Consistency Checks 

87. Among internal consistency checks are those based on 
patterns in age, sex and other data, reasonableness or 
acceptability of some of the observations and deriVed 
parameters over time and space etc. 

Age (Vertical Consistency Checks) 

88. One of the most important items collected in all 
demographic enqUiries is that on age. Not only ate demographic 
phenomenon like fertility, mortality and migration closely 
related with age, even socio-economic and other characteristics 
are highly correlated with age. Also,age can be used as a tool 
for estimatin9 some -of the demographic parameters and in 
developing societies without direct data on vital parameters, 
it is data on age whioh are generally utilised to arrive at 
such parameters. Age is also important in using indirect 
information on fertility and mortality like children ever born, 
children surviving, survival of parents, spouses, siblings etc. 

89. Thus, not only is it true that age is one of the few 
information collected in all demographic enquiries, it is also 
one of the more thoroughly examined, analysed and adjusted 
characteristics. This perhaps is due to the apparent easiness 
of measuring techniques and the practical needs and uses of age 
data. 
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90. Though age is an easy concept to understand, when it 
comes to measurement, there are several problems. First of all, 
age could be in completed years, age nearest or next birth day 
etc. what is a year? To a Western man or to one familiar with 
that system it connotes a solar year. But to a Muslim it means 
a lunar year and to a Chinese it may be according to their 
traditional calendar. To yet others, it may be quite different 
from all these. Again, what is a birth day? Very few people 
in developing societies celebrate birth days and little 
importance is put for the event. Age reckoning, if it eXists, 
is based on other criteria like seniority, number of harvests 
since birth, seasons, floods of rivers, position of planets and 
so on. 

91. Even though there are tremendous variations in age 
reckoning among societies, it is possible to convert 
(approximately) age in one system to that in another. Thus the 
real problem in age estimation is not the different systems 
adopted, it is ignorance or indifference as to when a person 
was bOrn. Deliberate misstatements of age due to one reason or 
the other, is yet another dimension, and this could create 
problems. 

92. When ages are not known to respondents, they are 
estimated by them or by others (including the enumerator). The 
first approximation is to put persons into one of the 
appropriate decennial group-thus a large number are reported as 
aged 10, 20, 30 years. When efforts are made to estimate age 
more closely, then mid point of the range is used culminating 
in persons being reported as 15, 25, ••• years. This results 
in digit 5 becoming the second preferred digit. Still further 
approximation within Five year ranges brings in reported ages 
ending in digits 2 and 8 with minor peaks at ages 4 and 6. 
This is also brought in by avoidance of odd digits like 1,3,7 
and 9. This kind of digit preference or age heaping has been 
noted in most countries in the region. However, the tempo 
varies over the age range-becoming more and more as age 
advances, so much that very few are reported at ages other than 
60, 70, 80 etc, In Ghana, for example, in 1984 around 30% of 
persons are reported with ages ending in digits 0 and 5 but 
among these aged 60-69 it was near 60', 

93. Many methods have been tried to arrive at better quality 
of age data. one method is to ask for age next birthday or age 
nearest birthday. Experience with such dodges has been to 
shift preference to other digits. Year of birth brings in 
preferences in digits ending in 0 and 5 in year reported. 
Another problem' in asking for year of birth is the possibility 

. of several 'not stated' persons, as observed in 1974 sample 
census of Zambia. At the same time in 1969 census of Zambia, 
year of birth brought in digit preference for 9 and 4 in ages 
as year of birth was rounded, However, if enumerators are 
,cautioned about digit preference, then it may lead to complete 
omission of ages ending in 0 and 5, as noted in a demographic 
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survey of Guinea. Use of historical calenders, documents etc. 
can bring in yet another type of digit preference or age 
preference or age preference pattern. AS an instance, in Libya 
during the 1973 census, ages were estimated either from a 
document issued in 1964 or were estimated otherwise. Anlysis 
showed that whereas the former produced digit preference for 9 
and 4 the latter had the usual preference for 0 and 5. Even 
thou9h there was error in the data so obtained, one important 
finding was that for youn9 children this method of using 
document might not be too much in error and hence in the future 
this method mi9ht improve data quality. Also there will be 
more consistency on age data over time even for the others 
whose ages in the document might be in error. 

94. In addition to digit preference and age preference 
resulting from use of documents, calender of events etc., there 
are certain cases of aversion or preference for certain ages. 
For example, usually age 13 is avoided and instances of 
preference for age 30 are not rare. In the Chinese culture the 
word for digit 4 (cha) also means 'death' and hence ages ending 
in digit 4 are avoided. Such aversion has been noted in Korea, 
Japan and among the Chinese population of Mauritius in the 
past. The use of historical calenders also may result in large 
number of persons being reported as born during specific 
important events. Certain legal rights and privileges bring in 
reporting ages in these specifiC ages and sometimes a cut off 
point either in data collection or in certain categories of 
social groups might result in ages being shifted to that age 
from neighbouring ages. 

95. For instance, in many countries the age at entry into 
school is 6 years and a marked tendency for a large number of 
children to be reported as 6 years is noted. Again, the cut 
off point for fertility enquiry being 49 years, there is a 
marked tendency for shifting large number of women to the next 
age i. e. 50 years to avoid the extra labour. Such shifting Qf 
persons either below or above certain specific ages has been 
reported especially in regard to detailed queries on labour 
force, marriage and fertility_ Thus single year of age data 
are affected by several types of errors and biases, but all the 
same it is highly recommended that every effort be made to 
collect such information. 

96. To detect errors in 81n9le year of age data, we can use 
graphical method or algebraic methods like Whipples, Bachis, 
Myers, Carrier, Ramachandran or Similar indices. Since, age 
estimation error comes in at older ages and selective under 
reporting vitiates data at young ages, it is rec_nded to 
deal only with the age range 10-69. 

97. Whipples index is obtained by sUDing the age returns 
between ages 23 and 62 inclusiVe and finding what percentage is 
borne by the sum of the returns of years ending with 0 and 5 to 
one fifth of the total sum. The result would lie between 100 

---___ • ____ , _________ ' ___________ ..... ____ -I!""'''' .. ; 



- 59 -

and 500. The method can be lIIOdified to seperately study the 
incidence of preference for digit 0 and 5 by including in the 
numerator only the sum of ages ending in digits 0 or 5. These 
sums are then divided by one tenth of sum of ages 23 to 62. 
The procedure is illustrated using data from 1984 census of 
Ghana. The digit preference index IDPI) introduced by the US 
Bureau of the census. is a simple method of studying the 
incidence of preference or otherwise of each of the digits 
0.1 •••• 9. It consists of aggregating populations with end 
digits 0.1, •••• 9 sepe~te1y and ca.paring it with the sum of 
population in the total are range, usually taken as between 10 
and 69. Thus the UPI is a better method than Whipples, in that 
one is able to discern the preference/rejection of each of the 
digits 0,1, ••• 9. 

98. BowevElr, the DPI has the defect that since the age range 
considered is 10-69 and this range has the dig1t 0 as the 
starting digit, populations ending in age 0 will automatically 
be larger than those in ena digits 1,2, ... 9. Kyees introduced 
his index (KI). to take care of this lacuna in the DPI. Tile 
method consists of calculating the digit preferences within 10 
age groupings having startlng digits 0,1, ••• 9 respectively. 
Thus the procedure to calculate KI is the same as that for UPI. 
but involves calculation of "10 digit preference indices within 
age r.anges 10-69 (as for DPI). 11-70, 12-71, .... 19-78 to 
assure all positions to all the digits 0,1, •• 2. If one wished 
to restrict oneself to age range 10-69, then one should start 
with 10-59, and proceed to 19-68. The procedure can be 
presented in a simple fashion as follows: 

Let AO' Al' ••••• A9 be the population with end digits 0, 
1, •••• 9 in the age range 10-59 and BO, Bl' ••• ,ag be the 
corresponding populations in the age range 20-69, then the 
blended sum at digit i ( i-O,l, ••• 9) is obtained by the 
forlllUla: 

Ci - (i+l) Ai + (10-1-1)B1' i - 0,1 •••••• 9 
Tbe blended percentage at digit i is then, 

The Kyers index is defined as the sum of the absolute deviation 
of the blended percentages from the expected 10'_ 

99. Sometimes it is also defined as the absolute value of the 
sum of positive (negative) deviations only. In such case the 
value will be half of that obtained by summing all the absolute 
deviations. In the former, the index will lie between 0 and 
180, whereas in the latter case it will be between 0 and 90. 

100. Even though the KYers method removes the bias introduced 
because of the starting digit in the DPI, still one can easily 
note that the method suffers from the fact that it is 
insensitive to the structure of the population and hence cannot 
be used for comparative purposes between populations. A method 
which standardises for age structure is that proposed by 
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Ramachandran. In this method, instead of absolute numbers Ai 
and Bi used by Myers method, corresponding proportions within 
respective age ranges are utilised to obtain the blended values. 

101. Illustrations of the calculation of digit preference and 
Myers indices ate given in Table 2.8 utilising the single year 
of age sex data from the 1984 census of Ghana. 

102. From the single year age data from table 2.8 we can 
obtain the population aged 23-62 as: 

71481 + 92147 + ••• + 63302 + 8333 + 15594 • 2042071 
Population aged 30,40,50 and 60 = 136241 + ••• + 63302 

= 375439 

Population aged 25,35,45 and 55 = 118513 + ••• 36053 
= 346020 

Whipples index 
(digits 0 and 5) 

Whipples index 
(digits 0 only) 

Whipples index 
(digits 5 only) 

375439 + 346020 
= ----------------X 500 

2042077 
= 176.7 

375439 
= ----------------X 1000 = 163.9 

2042079 

346020 
= ----------------X 1000 • 169.5 

2042077 

103. Even when data are presented in five year or other age 
groupings, certain undulations are noticed for several 
reasons. sometimes there are omissions of persons of certian 
age groups and other times, this may be due to pushing persons 
acrOS3 critical age boundaries for one reason or the other. 

104. One of the commonest observations in developing countries 
is the relative shortage of infants and children in 
enumecation. Deliberate omission, misunderstanding of the 
scope of enumeration, age estimation error etc could be the 
reason. Some duplication could result from de jure counting in 
extended family systems. Direct evidence of this phenomenon is 
few and difficult. In the 1974 census of Liberia, the PES 
indicated that the 0-4 age group was under enumerated to the 
extent of 5.4% for female and 1.3% for males. The indirect 
method is to use reverse surviVal technique to estimate births 
in the past year or past five years and compare with estimated 
birth rates. Calculation of sex adjusted birth rate may be 
better in view of effect of age distribution. If mortality 
estimate is not known, an appropriate model life table with 
reasonable life expectation may suffice for practical 
purposes. For one year projection backward, perhaps rate of 
growth might work. The. estimates are not very sensitive to 
mortality level, if the entire population is carried backward. 
Yet another tool is that based on stable models or analogy. 
Por this purpose one needs estimates of fertility and mortality 
or growth rate and one of fertility/mortality parameters. 

·-··---------·-----------~--------------II·-, 



Table 2.8 
Digit Preference (DPI) and Myers Indices (MI) - Ghana 1984, Males 

Di!jit 10-19 20-29 30-39 40-49 50-59 60-69 10-59 20-69 10-69 , Dav. 
0 iaaBOl 142023 136241 96500 79396 63302 642961 517462 706263 18.3 8.3 
1 115176 81261 40385 23133 17196 8333 277151 170308 2a5484 7.4 -2.6 
2 190396 97078 84163 52998 33161 15594 457796 282994 473390 12.2 2.2 
3 135373 71461 38831 27442 16927 .8907 290054 163588 298961 7.7 -2.3 
4 145076 92147 52062 25969 26575 11604 341829 208357 353433 9.1 -0.9 
5 157714 118513 96661 94793 36053 36522 503734 382542 540256 14.0 4.0 
6 137661 82397 57983 30616 26807 7490 335464 205293 '342954 8.9 -1.1 
7 102437 81995 39741 -23999 13647 7988 261819 167370 269807 7.0 -3.0 
8 146944 94780 54478 43084 19766 12457 359052 224565 371509 9.6 -0.4 
9 91843 55900 33490 24727 10811 6049 216771 130977 222820 5.8 -4.2 

r-------------------------------------------------------------------------------------------------
SUlII 3864877 29.0a DPI 

"'" I-' 

Digit Age Group Coeff Product Age Group Coeff Product Blended Percent Dev. Abe. DeV. 
SUIll: 10-59 SUIIl:20-69 Popn. , from 10' from la' 

--------------------------------------------------------------------------------------------------
0 642961 1 642961 517462 9 4657158 5300119 17.1 7.1 7.1 
1 277151 2 554302 170308 6 1362464 1916766 6.2 -3.8 3.8 
2 457796 3 1373388 282994 7 1980958 3354346 10.8 0.6 0.8 
3 290054 4 1160216 103588 6 981528 2141144 6.9 -3.1 3.1 
4 341829 5 1709145 208357 5 1041185 2750930 8.9 -1.1 1.1 
5 503134 6 3022404 382542 4 1530168 4552572 14.7 4.7 4.7 
6 335464 7 2348248 205293 3 615879 2964127 9.6 -0.4 0.4 
7 261819 a 2094552 161370 2 334740 2429292 7.8 -2.2 2.2 
8 359052 9 3231468 224565 1 224565 3456033 1l.1 1.1 1.1 
9 216771 10 2167710 130977 a 0 2167710 7.0 -3.0 3 

----------------------------------------------------------------------------------------------
Sum: 31033639 27.3-HI 
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105. The reporting of age of males and females differs when 
they reach puberty and post puberty ages. Young unmarried 
girls usually are reported as younger and those married and or 
have children are reported older, but with a noted tendency to 
be within the reproductive age. For males, the tendency is to 
exaggerate age of adults. Deficits in reproductive age for 
males also might result from their mobility, migration, work 
status etc. Omission of young unmarried girls is noted in some 
societies in Northern Africa. As marital status and fertility 
status are blamed for affecting age data, they conversely are 
affected by age misreporting as can be noted from the following 
table. 

106. Relatively high parities at ages 20 and 25 and lower 
value at 40 is suspected to arise from relating parity with 
age. Single year tabulations of proportion ever-married, 
percentage of those entering first marriage and other similar 
tabulations of characteristics by single years of age would 
show up the effect of these factors on age reporting and 
vice-versa. 

107. An idea of age exaggeration within the reproductive age 
span by females can be gauged from the comparatively very high 
values of the mean age of fertility schedule and of mother. In 
most of the countries in the region, they are near 29 or 30 
which look too high in view of early and universal marriage, 
early child-bearing and little child spacing. Tabulation of 
proportion married, birth rate,' parity, widow (ers) all could 
point to age reporting errors. We have already noted the 
situation in respect of parity. The understatement and 
exaggeration of ages according to marital status and parity is 
given in the following table based on ~ata from Nigeria. 



Table 2.9 Reported Average paritx (PI, Ghana 1971 (Aahanti Region) 

Age 1!; 16 17 18 19 20 21 22 23 24 25 26 27 28 29 

Parity 0.02 0.07 0.22 0.45 0.65 1.11 1.45 1.72 2.06 2.41 2.84 3.07 3.46 3.91 4.08 

Age 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 

Parity 4.66 4.81 5.33 5.45 5.84 6.00 6.16 6.46 6.71 6.94 6.71 6.91 7.13 1.65 7.55 

Source: Table 5 from D.C Ewbank, Age misreporting and age selective under 
enumeration Sources, patterns and consequences for demographic 
analysis, Report 4, National Academy Press, Washington, D.C., 1981. '" '" 
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Table 2.10 Percentage.ofage misreporting by age. marital status and 
Females parity-aged 15-24 years, Nigeria. 1969 

« 

Marital status and parity 

True age Reported age* Single 
parity=O 

Married, parity-O 
& Single, parity-I 

Married, 
parity=2+ 

15-19 

20-24 

* 

Exaggerated 7 16 
same 83 79 
Understated 10 5 

Exaggerated 5 11 
Same 81 81 
Understated 15 8 

Ages exaggerated or understated differed from the true 
age by at least one five year age group. 

27 
70 

3 

14 
71 

9 

Source, Caldwell, J.e., and Igun. A.A., An experiment with census type age 
enumeration in Nigeria: Population Studies Vol. 25(2), 1971. 

108. It is clear that single women aged 20-24 tend to be 
reported in a younger age group and women aged 15-19 and to .. 
lesser extent those aged 20-24 tend to be reported at older 
ages if they are married or have at least one child. 

109. One of the usual phenomenon in age reporting is the 
exaggeration of age by persons especially at older ages, 
because of prestige, physical appearance, fertility status 
etc. However, for females, the tendency is to report a younger 
age so as to be still included in the reproductive age group. 
The high proportion of old persons found in developing 
societies inspite of the rather high levels of mortality is 
indicative of the exaggeration of ages. Another idea of age 
exaggeration can be obtained by calculating the mean age of the 
population. In several instances, it has been noted to be one 
or two years above the expected. 

110. Yet another test for age exaggeration is by use of 
forward and reverse projections. In the forward projection, 
the old age population shrinks Whereas in the reverse 
projection it becomes so large as to overwhelm even younger age 
groups. 

111. It is reported that in the 1974 Liberian census a very 
large proprotion of the ages of individuals had to be estimated 
by the enumerators. Inspite of all efforts to estimate ages 
using historical or other calender of events, physical 
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appearance, . physiological changes, social customs like age 
grade, circWllCision and other grading docUlllents and so on, 
still it is possible that a large nUlllber of cases remain where 
age estimation is impossible. Age not stated or unknown 
category will then be the result. So long as this group is not 
large, there is not much of a problem. In most cases, prorata 
allocation may suffice. If other informations are available to 
allocate these into specific age-sex groups, then this could be 
done. Cold and hot deck methods of imput~tion are well 
known. But it shOuld be remembered that imputation may create 
problellS in data analysis, interpretation and utilistation and 
hence should be avoided, as much as possible. As mentioned 
earlier, it is easier and perhaps more accurate, if information 
are collected at the household itself however rough they may 
be. Any strand of evidence may be helpful in estimating age 
and other characteristics in the field rather than in the 
office. AS mentioned earlier, the more than 20' of not stated 
pases in Zambia 1974 made the data virtually useless. 

112.. When age data show undulations, they could be genuine 
reflections of past behaviour of fertility, mortality and 
migration. In most cases, if these factors could be assumed 
not to have much effect on specific age groups, then the 
progression of population from one age group to the next should 
be more or less smooth. An age pyramid distinguishing males 
and feaales would be a good graphical representation and would 
oompare not only progression, but also sexwise differentials. 

113. For quantification, the calculation of age ratios would 
be useful. Here the Zelnik or Ramachandran modifications could 
be utilized. Iibereas the UN defined age ratio as the ratio of 
population in an age group to the average of population in the 
two adjaoent age groups, the modification of Zelnik and 
Ramachandran used the population of the group being considered 
also in denominator. In cases where digit preference is 
predominant, the Ramachandran modification would work better 
and remove some of the biases in the other two methods, because 
whUe the Zelnik method gave equal right to the 3 age groups, 
the Ramachandran method assumed double weight for the mid-age 
group and hence equalised weights for all digits, thus removing 
digit preference biases. Also this index approaches 100 when 
the data is good, as it should, see table 2.11. 

114. These ratios are calculated seperately by sex and of 
neoessity the groups should all have the same number of 
individual ages in them. These ratios generally should not 
fluctuate too far from 100. Thus, an index of vertical 
consistency can be taken as the arithmetic mean of absolute 
deviations of age ratios from 100 and is caUed the 'Age Ratio 
Score.' Age ratios can be calculated by single year of ages 
also but these ratios will show more the digit preference than 
age shifting errors. 
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llS. Sex is yet another most important demoqraphic 
charact~,tics. Many demographic, socio-economic attributes 
are sex specific. Data classified by sex not only bave 
analytical importance, many ti.es they could be used as 
evaluative tools and a classification is essential in certain 
situations because of biological differences. 

ll6. Even though the definition and classification of sex are 
easy and sex is generally ascertainable, still field data have 
their due share of problems arising from classification of data 
by sex. As mentioned earlier, there are several reasons Why 
one sex or the other is either misreported, wrongly reported or 
not fully reported or even over reported. 

111. The sex ratio of a population should not fluctuate from 
one age to another unless migration or other factors are 
responsible. Thus the calculation of sex ratios by a91,1 will 
give clues to defects in sex data by age. Sex ratio can be 
defined either as males per 100 females or as females per 100 
males. Here we use the former definition. Some authors use 
the latter definition and ,one has to keep this in mind while 
interpreting data. The sex ratio' at birth is one of the few 
stable parameters of a population and lies in a narrow range of 
between 100 and 108. It is stated that the sex ratio at birth 
in African countries lies in the range of 101-104. If only 
fertility and mortality have effect on a population, then the 
sex ratio of the population will not deviate much from sOllie 

,stable value. In most cases, male mortality is higher than 
female mortality and bence the sex ratio of the population will 

_____________________ --,1-
1 



Table 2.11 Calculation of Age, ratio, sex ratio and UN joint scores: Ghana 1984 

Age 
group 

00-04 
05-09 
10-14 
15-19 
20-24 
25-29 
30-34 
35-39 
4U-44 
45-49 
50-54 
55-59 
60-64 
65-69 

SCORE 

Male 

1015167 
1012187 

174822 
636599 
483990 
433585 
351682 
282353 
226042 
217219 
173255 
107084 
107740 

70506 

Female 

1014915 
989038 
128387 
609791 
572011 
511526 
391121 
301946 
247212 
210988 
179429 
105997 
118036 

74803 

U.N. Method 
Male Female 

113.2 113.5 
94.0 91.1 

101.1 93.8 
90.4 102.0 

103.8 106.2 
98.2 16.2 
97.7 94.6 
90.5 96.4 

108.8 9B.9 
106.8 113.2 

76.2 71.3 
121.3 130.6 

Note, The age ratios are defined as follows: 

Age Ratios 

Ze1nik Method Ramachandran Method 
Male Female Male Female 

108.4 108.6 106.2 106.3 
95.9 93.9 96.9 95.4 

100.8 95.8 100.6 96.8 
93.4 101.3 95.0 101.0 

102.5 104.1 101.8 103.0 
98.8 97.4 99.1 98.0 
98.5 96.3 98.9 97.2 
93.5 97.6 95.0 98.2 

105.7 99.3 104.2 99.5 
104.5 108.4 103.3 106.2 

82.8 78.8 86.5 83.2 
113.3 118.5 109.6 113.3 

200Px , x + 4 

Deviations 
(absolute values) 

Sex ratio 

100.0 
102.4 
106.4 
104.4 
84.6 
84.8 
89.9 
93.5 
91,,",:., 

103.0 J 

96.6 
10,J..0 
91.3 
94.3 

Age 
ratio 
(UN) 

M F 

13.2 13.5 
6.0 8.9 
1.1 6.2 
9.6 2.0 
3.8 6.2 
1.8 3.8 
2.3 5.4 
9.5 3.6 
8.8 1.1 
6.8 13.2 

23.8 28.7 
21.3 30.6 

9.0 10.3 

UN method: ---------------------------; 
(Px-5, x-I +P x+5, x+9) 

300 Px,x+4 
Zelnik method: --------------------------------

(Px-5,x-l +Px,x+4 +PX+5,X+9) 

Ramachandran method: 
400 Px, x+4 

--------------------------------
(Px-5,x-l +2Px,x+4+Px+5,x+9) 

sex 
ratio 

2.4 
4.0 
2.0 

19.8 
0.2 I 

5.1 '" 
3.6 " 
2.1 

11.6 
6.4 
4.4 
9.7 
3.0 

5.7 
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be somewhere between 94 and 98. If male mortality is 
abnormally high due to occupational patterns, then the sex 
ratio could be, say 93. On the other hand, when males have an 
edge over females in mortality through socio-cultural reasons, 
then the sex ratio of the population could be more than 98 and 
can go up to 101. Again, if mortality iDProvement occurs 
normally, then it is noted that the sex ratio would fall 
because females have an advantage over males in most cases. 
However, the decrease in sex ratio could only be slight. 

118. Table 2.11 gives the sex ratio of the population of Ghana 
as o"ta'"ned from the 1984 Census. AS expected, the sex ratio 
at age 0-4 is slightly above 100 and increased to 106.4 by age 
10-14 and then declined. Male mortality is generally higher 
than female at almost all ages excepting perhaps the 
reproductive ages. At very young ages there could be excess 
mortality for either sex depending on socio-economic and 
cultural factors like child care etc. The low sex ratio at 
very young ages could also be a reflection of relative coverage 
or reporting of children. Fear of evil eye, preference for 
children of specific sex and other behaVioural factors could 
also affect relative coverage of children. An important 
observation in African data is the relative shortage of males 
at reporductive ages. This could be due to the twin factors of 
pushing girls across age 10-14 to ages 15+ and women pest 
reproductive ages to ages below 50 or age exaggetation by 
males, omission of males because of their mobility, work status 
or migration or deliberate under reporting of adult males 
because of conscription, poll tax, head tax etc. 

119. Sex 
highlight 
digit.s by 

ratios by single lears also can be calculated to 
the relative preference or avoidance of specific 

either sex. 

120. To quantify the error, an index, called the 'Sex Ratio 
Score' is calCUlated by summing the absolute deviations of 
successive sex ratios and dividing it by the number of such 
deviations. Since sex ratio may not change linearly, it seems 
better t9 obtain an average of the absolute second difference 
appropriately weighted. A large score indicates that there is 
some error or bias in the data. From the data presented in 
table 2.11 the sex ratio score is 5.7. 

121. Normally sex ratios should be calculated for only the age 
groups up to 60 or 69, as otherwise fluctuations would be 
tremendous. Also it is advisable that the age groups for both 
sexes should not only be similar, it is preferable to have the 
same five year or ten year age groups for both sexes for the 
entire age range. 
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122. The sex ratio score is an index of horizontal consistency 
,0.: ••• 

of data and could be used to appralse data quall.ty. Combl.ned 
with the age ratios, it can be converted to a single index of 
data quality by appropriate weighting. The UN noted that the 
variability of sex ratios is much less than that for age ratios 
and hence apportioned a greater weight to this score than to 
age ratio scores. Obviously the age ratio scores were given 
equal weight. Based on studies on age - sex data in the 50' 13, 

the UN defined a Joint SCore as: 

• 
where 
ratio 

Joint score • A.R.M.S + A.R.F.S + 3 S.R.S., 
ARMS and ARFS are respectively the male and female age 
scores and SRS is the sex ratio score. 

123. Experience indicates that if the joint score is less than 
20, then the data would be considered reliable. Between 20 and 
40 the data may be usuable with adjustments, between 40 and 60 
it is considered deficient and care and caution should be 
exercised in the use and interpretation of the data and massive 
adjustments might be necessary. Beyond 60, the data is 
considered grossly erroneous and it may be risky to utilize 
such data for any inference. 

124. The joint score for Ghana 1954 from table 2.11 is 
- 9.0 + 10.3 + 3 (5.7) - 36.4 

Since the score is between 20 and 40 we can conclude that the 
data is usable with appropriate adjustments. 

Diagonal Consistency Checks 

125. The age and sex ratios give the two dimensions-vertical 
and horizontal - in the evaluation of the consistency of data. 
When more than one enumeration is available there is yet a 
third dimension which can be considered, le., diagonal 
consistency - based on survival ratios of cohorts. These 
ratios could be for specific age groups or for open ended 
ages. The latter type of ratios are not much affected by age 
reporting, but this becomes their wea~ness as a tool for 
evaluation. Survival ratios for single years of age could 
rather show the digit preference errors and only to a lesser 
extent the other age reporting errors. 

126. The intercensal (10 year) survival ratios are given in 
Table 2.12 for various five year age cohorts frOID the 1969-1979 
censuses of Kenya. The first pOint to note is the tremendous 
fluctuation of these ratios frOID one age to another for both 
sexes and especially for females, where we even observ« an 
impossible ratio higher than unity. The ratios for the age 
group 0-4 for both sexes are too high and this is more for male 
than female contrary to experiences in other parts of the 
world. Another observation is the rather high values at older 
ages and comparatively low .ones at middle ages. 
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Table 2.12 Ten Iear !intercensa1! survival ratios, KenIa, 1969-1979 

Age group 0-4 5-9 10-14 15-19 20-24 25-29 30-34 
in 1969 

Male survival ratio .9932 .9318 .8974 .9451 .8302 .8302 .9307 
Mortality level 23.5 10.3 4.9 10.0 16.0 3.3 16.0 

Female survival ratio .9785 .9937 1.0334 .9934 .9169 .7912 .9146 
Mortality level 20.2 22.0 24+ 23.6 9.5 '* 12.0 

Age group 35-39 40-44 45-49 50-54 55-59 60-64 65+ 
in 1969 

Male survival ratio .8682 .9431 .8161 .8131 .8713 .6477 .4259 
Mortality level 10.1 21.1 U.O 14.9 23.6 15.2 23.1 

Female survival ratio .8352 .9459 .8211 .7875 .8140 .6617 .4683 
MOrtality level 5.6 U.S 8.2 9.6 17.2 13.7 24.0 

* Less than the lowest available level, 1. 

Table 2.13 Overall !Oeen ended) survival ratiOS, Kenla 1969-79 

Age in 1969 0+ 5+ 10+ 15+ 20+ 25+ 30+ 

Male ratio .8971 .8749 .8600 .8504 .8333 .8068 .8011 
Level* 58.3 42.9 42.9 48.9 50.0 47.1 61.5 

Female ratio .9230 .9099 .8886 .8550 .8223 .1995 .80HI 
Level ., 77.8 71.6 65.0 52.1 42.3 42.2 61.9 

Age in 1969 35+ 40+ 45+ 50+ 55+ 60+ 65+ 

Male ratio .7101 .7433 .6901 .6510 .6003 .4995 .4259 
Level* 63.4 71.4 70.8 80.1 88.3 87.2 100.0 

Female ratio .1725 .7529 .6959 .6565 .6088 .5337 .4683 
Level * 64.8 75.8 73.2 81.8 90.8 96.7 115+ 

. 
• The levels are taken from table A.U of Garrier N.H, and Hobcraft, J. 

Demographic estimation for developing SOCieties, London, 1971. 

~ ________________________ ' _______________ -II"'·1 
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127. Tllere are two ways to analyse these ratios. The first 
one is to calculate the ratio of these values to corresponding 
values from a reasonable life table. Here for example, we 
could compare the survival ratlo~ with corresponding values 
from North model level 13 or 14. For ease of comparison a 
ratio of these values would do well because, if the observed 
values are acceptable, then the calculated ratios should not 
deviate much from unity. Yet another method illustrated in the 
table is to write down the levels implied by these ratios from 
Nortn model life tables. It can be noted that the ratios 
fluctuate, they are high for the very young and old ages and 
low for middle ages. For females, one value is even below the 
lowest available level and one above the highest and generally 
the female levels are lower than the male levels. To remove 
some of the age shifting errors we have presented also in Table 
2.13 the values of overall (open ended) survival ratios for the 
same data. 

128. It is evident that the wide fluctuation depicted by the 
cohort survival ratios have subsided implying that grouping 
makes the data much more smooth and acceptable. Here also the 
level at younger and older ages are much high and at middle 
ages lower. One value for female, ie., at age 65+ exceeds the 
highest level in the table. 

129. In table 2.14 we present a picture similar to what is 
shown in table 2.12 by calculating the ratios of census to life 
table survival ratios (using an appropriate model life table 
and level of mortlity). We can note that the ratios deviate 
from the expected value of one, fluctuate from one age to 
another, are high at young and old ages, are more erratic for 
females and are on the whole not smooth. Any otner level 
(higher or lower) would indicate very similar patterns. So is 
tne case witn use of another model life table (North versus say 
west). 

130. There are several other ways of testing the acceptability 
of the survival ratios like those using logit transformations, 
calculating life expectation or life table values and so on. 
Some of these will be considered in the later section dealing 
with techniques of analytical manipulation of data. 

Table 2.14 Ratio of intercensal (Kenya 1969-791 to life table (North 
level 14) Survival ratios 

Age 0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 

M 1.091 .977 .942 .976 1.013 .894 1.013 .960 1.069 
Ratio 

F 1.068 1.039 1.077 1.042 .970 .844 .985 .912 1.043 

* Coale A. and P. Demeny, Regional model life table and stable 
populations, Princeton University Press, 1966. 
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Other Internal Consistency Checks -Structure of population, 
Comparison with Models, Calculation of Ratios. Differences 

and so on 

131. One attempt worth trying is to match observed age-sex 
data with models or analogies. Either the ratios of 
percentages at various ages or differences of cumulated 
percentages could be considered. In the first case, the sum of 
absolute deviations from unity could be the criterion, whereas 
for the latter, it could be the sum of absolute differences 
themselves. It may also be worthwhile to try if an improvement 
would result, if we consider the standardised absolute 
deviations using the expected percentages in the denominator. 
Also sum of squares of deviations of observed and expected 
percentages has been suggested. 

132. Yet another approach would be to calculate ratios of 
population in adjacent quinary ages and study the progression. 
Undue fluctuations, deviation from unity, very low values and 
so on could be interpreted as evidence of errors in data. By a 
suitable modification of a method proposed by Stolnitz, these 
ratios could be converted to life table values and the overall 
reliability of the data could be assessed, based on the 
observed ~xpectation of life. 

133. Still another method is based on several types of ratios 
obtained from the reported data. Since a ratio is less 
susceptible to certain types of errors, this may not be an 
ideal procedure to follow in many cases, but one should 
manipulate the data in several ways before one can come out 
with some ideas about its quality. For example, child woman 
ratiO, child adult ratio, dependency ratio and so on could be 
computed and· compared with model values. Sometimes these 
values can be calculated for the two sexes seperately and 
compared for differential errors. Some results from the 
application of the method to the 1973 Sudanese census data are 
presented in table 2.15. The closeness of male values to 
expected~female values in most cases indicates the poorer 
quality of female age reporting, inspite of the fact that the 
ratios, obliterate to a certain extent, some of the inherent 
errors and what is shown is a residual. Most of the ratios are 
higher than the model values and point out the inconsistency 
between the derived demographic parameters and the age-sex 
structure. 

134. Even though these methods are labourious, it looks that 
the computer can be used for carrying out the matching process, 
once the inputs are fed into the computer. Several other 
ratios or proportions could be tried. 

-------------------------"11-·' 
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Table 2.15 Seecial Ratios Based on 1973 Census of Sudan and from Models* 

Ratio Bex Budan lIIodel Ratio Bex Sudan Model 

Ps -14 .M .3S8 .320 PO-4 II .441 .419 -- ----
PS+ J! .333 .313 PIS-.... P .389 .412 

Ps - 9 II .512 .397 PO-9 II .815 .694 
---

20-49 P .4 .... .389 PlS-49 F .724 .681 

Po - 14 II .808 .792 M 1.079 .944 
Dependency catio 

PIS+ J! .809 .163 P .955 .936 

(PO-14+P65+) 

(P15-64) 

* The .adel was selected after several trial and erroc and is the 
Coale-Demany North Model Stable Population with level 11 and growth 
rate of 2.51. 

135. Anothec sillilar procedure worth trying is that suggested 
by Brass (Brass et aI, 19681. In this method the age 
equivalents of the deviations of the cUIDulated percentages of 
the reported population at ages upto age 5,10,15, •••• are 
plotted and the highest and lowest deviations are utilized to 
select an upper and lower stable population. It seems that an 
average of the upper and lower levels sight fit the data on 
band, in many cases. 

llethods Based on Analytical llanipulation of Age-Bex Data 

136. We have already referred to the application of 
projections (reverse and forward) for the evaluation of data. 
There is yet another important application of forward 
projection technique suggested by Coale and Demeny. Various 
life tables are used to project cohorts such that the projected 
figures tally with enUlDerated figures at least approximately. 
Fluctuation in the levels frolll age to age and by sex would 
indicate the types and magnitudes of errors. This method also 
can be used to arrive at a level of mortality depicted by the 
enumerated populations and its consistency with other 
information would be an index of data quality. Since survival 
ratios are readily available for five year age groups and in 
five year intervals, it is better to deal with such age groups 
and periods which are multiples of 5. See chapter 3 for 
details. 
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137. A similar procedure proposed by Ramachandran and Nair 
(Ramachandran and Nair, 1970) is based on tables of overall 
survival ratios which could be compared with observed ratios. 
The additional information needed is the intercensal growth 
rate and also some idea of changes therein. Tables have been 
presented using Coale-Demeny family of life tables. Carrier 
and Hobcraft present such tables based on Brass model life 
tables. If the intercensal growth rates are known and is 
either constant over time or its variation over time is known, 
then this method seems easier than the method of Coale-Demeny 
requiring several trial and error projections. 

138. An allied method which can be used to evaluate data is 
due to Hardy. In this method the difference between those aged 
say, 10 years and above in the second enumeration and the total 
population at the earlier count ten years ago is used as a 
measure of mortality from which the total number of deaths and 
consequently death rate is obtained. This is done by sex. It 
seems possible to extend this method and deal with all ages: 
those aged 5 years and above, those aged 10 years and above and 
so on, at least for 5 or 7 consecutive quinary ages. The 
acceptability of the death rate will indicate the quality of 
data by age and sex. 

139. An important method for checking consistency of age-sex 
data is that based on cumulated age distribution. We have 
already noted its use in comparing observed with model values. 
Another application when approximate stability can be assumed, 
is that based on growth rate, gross reproduction rate, 
mortality level or any other fertility/mortality information. 
The method can be used to estimate mortality level given the 
values of eithe. the growth rate, or gross reproduction rate 
GRR. Conversely, given a mortality level, estimates of Y or 
GRR can be obtained. The acceptability of the estimates and 
(growth ratio), the fluctuations over age and sex will all give 
ideas about data quality. See chapters 3 and 4 for details. 

2.5 Some Methods of Data Adjustment 

140. Based on the findings of the evaluation and appraisal of 
the various types of basic demographic data, it is obvious that 
before they can be utilis.ed for projections and other 
analytical purposes, it is necessary to adjust and smooth the 
data to remove some of the inherent errors, biases, 
deficiencies and other defects in the data. However, the 
adjusted data should not only be smooth, they should .. lso be 
consistent with each other and with demographic, socio-economic 
realities 1n the past. Thus consistency with the various 
demographic parameters should be vouchsafed and not sacrificed 
at the altar of the SO caUed smoothness of data. Also, the 
adjustment shOUld be minimal and be specific to take care of 
the types, Varieties and magnitudes of the erron and 
deficiencies. 

-------------------------------------------"'11-1 
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141. There are several methods of achieving smoothness in 
data. in addition to using information from extraneous sources 
like post enumeration surveys, mathematical methods are the 
easiest and need only very little information and can be 
carried throush mechanically. But, one should be cautious in 
such simplistic models submerging some of the peculiarities 
inherent in the data. Moreover, the types and magnitudes of 
errors and biases may not be the same or even similar from one 
age to next or one section to another or even over time. Thus 
one mathematical formula might compromise some of the 
specialities and bring forward other biases into the data. 
Alternatively, there are several demographic 
techniques-borrowing from other experiences, models etc. and 
sometimes a combination of these-mathematical and demographic 
which might work well in many situations. 

Adjustment of Age Sex Data 

142. Since age-sex data are paramount in demographic analyses, 
most attention has been devoted to adjust these. Two broad 
types of methods will be considered-the direct and the 
indirect. In the direct method, additional information-more 
reliable than the one being adjusted-is used to adjust the 
former. Usually, age-sex data from post enumeration surveys 
oeing based on more carefully planned and collected information 
might be used for adjusting the observed information. 

143. Table 2.16 presents the effect of adjusting the male age 
data from the 1974 census of Liberia. It can be noted that not 
only did: the age distribution become nearer to stable model, 
the estimated birth rates also were close. The sum of squares 
of deviations from 1 of the ratios of stable to observed was 
reduced. Thus if PES or other extraneous information of a 
better quality are available, it seems useful to use these to 
adjust observed age-sex data. Adjustments can be for 
under/over enumeration in count, ase misreporting, sex wise 
distribution of population and any other. types of deficiencies 
in data. Hence detailed information on marital status, 
migration status, relationship and other relevent factors 
affecting data quality should be collected both in the 
enumeration and the PES or other sources. 

144. Ewbanks succintly puts the problem of adjusting census 
data usinS PES information as follOWS: PES studies usually 
provide only a good measure of the variance of the content 
error. This suggests that frequently the results of a PES will 
not be very useful for adjusting the data prior to analYSiS, 
since such an adjustment requires estimates of the biases in 
reported ages. For example, adjusting age data before applying 
stable population analYSis requires an estimate of the net 
errors. For some types of analysis, even more information is 
needed; for example, adjusting individual observations for USe 
in analysing differences among individuals requires information 
about gross errors and adjusting the data prior to applying the 
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Brass techniques for estimating fertility and mortality 
requires information about the characteristics of those who 
report age incorrectly. Unless the results of reinterviews can 
be regarded as correct, they will prove to be of little value 
in adjusting the data prior to the application of such 
analytical techniques. 

Algebraic (Mathematical) Methods 

145. Graphical methods or free hand drawing and the use of 
mechanical aids such as a F~ench curve or a spline and weights 
might be tr led, but the subjective nature of these should be 
borne in lIIird while interpreting the results. The oblique axis 
method of Carrier seems useful in certain cases. In this 
method the first step is to find the groupings most nearly 
correct (for this single year values are needed). For 
instance, when digits 0 and 5 are highly preferred, it has been 
noted that either the 2-6 or 3-7 groupings would give lower age 
ratios and sometimes also sex ratios. As a general principle, 
the groups should be chosen to 1II1n1m1Se crossing of 
boundaries. This will frequently imply splitting a single year 
of age group, which may be achieved with sufficient accuray by 
dividing the number in the single year age into equal halves 
keeping in mind that the patterns of preference are likely to 
be different at different parts of the age scale. 

Table 2.16 
Evaluation of ajusted data bj! using PES information-Liberia, 1974 (Males) 

Age 0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 

CIa) 15.18 30.28 41.81 51.77 56.94 66.02 72.22 76.46 63.22 
C(A)* 15.39 30.55 42.14 52.75 60.13 67.24 73.45 79.65 64.24 
CBR 39.77 43.93 43.30 42.71 40.30 39.35 36.45 38.61 38.14 
CBR· 40.39 44.43 43.80 44.07 41.83 40.90 40.13 40.63 39.98 
CBR Mid rang" 4.53 3.41* 
Sum of squared deviations .098 .081''' 

These pertain to adjusted values • 
Source: Ewbank. D.C., Age misreporting and age selective underenumeration: 

Sources, patterns and consequences for demographic analysis, 
National Academy Press, Washington. D.C., 1981. 
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146. Since other types of errors are found at very young and· 
older ages, it is suggested that this smoothing technique be 
restricted to ages 10 to 59 or 64 or at the most to 69 years. 
A minimum of about 30 years resulting in sufficient number of 
points for carrying out this procedure should be ensured. 

147. The method consists of cumulating the population from the 
s.t.art of the age range (here 10 as an example) and continued by 
the five year groupings till the last group, say 69 years. 
Thus we get cumulated populations from 10 onwards for ages 15, 
20, 25, 30, 35, 40, 45, SO, 55, 60, 65, 70, assuming that the 
groupings are in the conventional five year age groups, 10-14, 
15-19, •••••••••••• , 65-69. If the age groups are in the 2-6 
pattern, then the first age will be 12 and the first group 
12-16 and the cumulated valUes will be for ages 12-16, 12-21, 
12-26, ......... , 12-66 or perhaps 12-71. Suppose 69 is the 
last age selected and 10 the starting age, then there are 60 
single year ages in this range for Which the cumulated 
population comes as p(lO-69). An average for each age is thus: 
P(10-69)/60. This average need be ~alculated only 
approximately, say to the nearest ten or even hundred depending 
on the size of the population being considered. This average 
is denoted as 'A'. The next step is to calculate expected 
populations upto the various ages, 14,19, ••••••••• ,69 by the 
formula: O(x) - PIx) - (x-9) A for x = 14,19, ••••• ,69. 

148. The O(x) values are then plotted against x and this graph 
is the oblique axis ogive. The O(x) values are then smoothed 
by visual inspection and a curve is drawn through the smooth 
values and are denoted as 0' (x). Prom these smoothed values, 
we revert back to p' I x) the smoothed values of the cumulated 
populations at various ages by the equation: p'IX) - O'(X) + 
(X-9) A. From P' (X) We can then get the populations in five 
year age groups by differencing_ 

149. Graduation formulae like those proposed by the United 
Nations or a three point version of it, moving averagei, 
Carrier-Par rag ratio method, Newtons halfing formula (quadratic 
interpolation), oscula tory interpolation formula and other 
curve fitting methods are some of the other mathematical tools 
in data adjustment. 

150. The United Nations five point smoothing formula is a 
moving average method utilising five consecutive five year age 
groups with the value to be smoothed in the middle and two 
groups above and two below it. The weights and method are 
given by the formula: 
Vx,X+4-(l/l6) (-UX-lO,x-6+4Ux-S,x-l+l0Ux,x+4+4Ux+s,X+9-UX+IO,x+l4) 

where Ux,x+4, •••• are the reported populations at ages x to 

x+4, ••• and Vx,x+4 is the corresponding smoothed value. 
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151. This formula can be conveniently denoted by the notation: 
Vx xH - (1/16) (-1, 4, 10, 4, -1) where the weights -1, 4, 
10: 4 and -1 are to be applied respectively to the group 
populations starting with the group 10 years younger than the 
group being smoothed and continued till the group 10 years 
older also is included. 

152. A milder version of the above formula is represented by: 
Vx ,x+4 = (1/36) (-1, 4,30,4, -1) 
In case the age groups are affected by migration, it is not 
advisable to include a large number of age groups in the 
smoothing at one time because then the formula will spread the 
migration into adjacent groups considering the true migration 
as an error in the data. In such cases, a three point version: 

VX,x+4 =(1/4) (1, 2, 1) is used where only three five year 
age groups are considered at a time with the population of the 
age group being smoothed being flanked by the preceding and 
succeeding five year groups. 

153. The Newton's halfing formula or quadratic interpolation 
method is applied to split a ten year group into two five year 
groups. The assumption is that by grouping a population into 
ten year groups some of the undulations brought in by digi.t 
prefernce and other errors would be reduced. The grouping also 
could be in such a way as to include ages Which are supposed to 
be affected. For instance with zero being predominantly 
preferred in most cases, the ten year groupings which could be 
considered are 2-11 or 3-12 Which then would be split into 2-6, 
7-11, or 3-7 and 8-12. Then by suitable interpolation, we can 
obtain the conventional ages 5-9, 10-14 •••• 

154. The formula for getting the first half of the ten year 
group is: 
Px,x+4 -(1/16) (Px-lO,x-l+8 Px,x+9 -PX+lO, x+19)' 

Tbe second half can be obtained either from the formula: 

Px+S,x+9 = (1/16) (-Px-lO,x-l +6 Px,x+9+Px+lO,x+19) or 

by subtracting the first five year value from the ten year 
group value, i.e., 

Px+5,x+9 = Px,x+9 -Px,x+4 

155. Karup-King give interpolation coefficients to split even 
these five year groups into single year values. 
Sprague gives similar multipliers for splitting ten year groups 
into five year or single year values using five ten year 
groups. The weights are: 

-.0117, .0859, .5000, -.0859, .0117 
to obtain. the first five year group and 

.0117,-.0859, .5000, .0859, -.0117 for the second five 
year group. 

The Karup-King and Sprague methods are known as 
osculatory interpolation formulae. 

~--------------------------------------'--------------~I-
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lS6. The carrier Par rag ratio method is yet another procedure 
for splitting a ten year gI'OUp into two five year groups. In 
this method, appropriate t.en year groups are calculated and 
ratios of consecutive values obtained by keeping the younger 
age groups in the numerator. For instance the first ratio can 
be: 

PO-9 !PlO-l9' Usually since the age 
affected by underenumeration, it is advisable 
For the consecutive ten year groups, similar 
calculated. 

group 0-4 is 
to exclude it. 
ratios can be 

lS7. TO obtain the smoothed value of the five year age groups, 
we take the fourth root of these ratios and apply them to the 
ten year groups as follows: 

4 
Let Kl -(PS-14)!{Pl5-24)' t.hen PlS-19=Kl P15-24!(1+Kl) 

and hence P20-24· P15-24 - P15-19 = P15-24! (l+Kl) 
and so on. 

158. t;et us illustrate the ap11ication of some of these smoothing 
techniques to the data from Ghana. For instance, if we want the 
smoothed value of the population aged 20-24 we 
have to have several five year age groups above and below that age 
group depending on the formula used. Since the male age 
distribution may be affected by migration in addition to age 
reporting errors, we shall use the techniques to the female 
population. 

159. From table 2.11 we have the five year age distribution for 
females. From the UN five point formula we have 
(II 1 

- [-P10-14+4Fl5-l9+10F20-24 +4P25-29-F30-34 1 
16 

1 
= - [-728387+ 4(609791)+ lO(572011}+ 4{5115261- 391121] 
16 

1 
= - [-728387+ 2439164 + 5720110 + 2046104 -391121) 

16 

1 
= - [9085870J = 567867 

16 
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160. Similarly the mild version of the formula will give: 

(2) 
1';W-24 

1 
= - [-728387 +4(609791) + 30(572011)+4(511526) -3911211 

36 

.L 
= - [-728387+ 2439164 + 17160330+ 2046104 -3911211 

36 

1 
• - [20526090] = 570169 

36 

The three point formUla will give: 
(3) 1 

1'20-24 - - [-609791 +2(572011) + 511526J 
4 

1 
= - [609791 + 1144022 + 511526] 

4 

1 
= - [2265339] = 566335 

4 

161. For the Newtons halfing formula we have to form ten year 
age groups with age group 20-24 included in one of the groups. 
Since population aged 0-4 is usually suspect, we start only 
from age 5-9 or 10-14. Let us form the ten year groups 
starting from 5-9. 

1'5-14 = 989038 + 728387 = 1717425 

1'15-24 = 609791 + 572011 = 1181802 

1'25-34 = 511526 + 391121 = 902647 

162. Since the group 20-24 is in the second half of the group 
15-24, we use the formula: 

(4) 1 

1'20-24 = - [-1'5-14+ 81'15-24+1'25-34 1 
16 

1 
= - 1-1717425+ 8(1181802)+ 9026471 

16 

1 
= - [-1717425+ 9454416 + 902647J 

16 

1 
= - (8639638) = 539977 

16 

~-----------------------------------"""1'-,. 



- 81 -

163. To use the Carrier-Farrag ratio method, 
we calculate 

F 
5-14 1717425 

K4= ------- = -------- s 1.4532 
F15-24 1181802 

and K = 1.098 

Then (5) F15-24 1181802 
F20-24 = -------- = ------- - 563299 

1+K 2.098 

164. We can apply these methods to other age groups so long as 
there are sufficient numbers of points to carry through the 
calculations. For instance, tbe UN five point and mild 
formulae cannot give smootbed values for tbe first two age, 
groups as also for at least 3 of tbe last age groups including 
tbe open age group wbere as tbe tbree point formula misses only 
the top one and bottom two groups. Tbe metbods also can be 
applied only so long as all tbe relevant populations are in 
five year age groups. On tbe otber band, tbe Newton and 
Carrier-Farrag methods are specifically meant for splitting ten 
years into five year group. 

165. A combination of appropriate grouping, preliminary 
smoothing and oscula tory interpolation migbt work in some 
cases. It is ,advisable to carry out most ot these metbods 
before decidini on tbe most appropriate smoothing. On the 
wbole tbese metbods are risky and will bave to be used witb 
care and monitered tborougbly. 

Demograpbic Metbods 

166. Under this c<ttegory, tbere are a whole host of metbods. 
Tbe best known is tbe one based on models or analogies. In the 
former, tbe age-sex distribution of tbe country is assWIled to 
fit in witb an appropriate model population based on 
demograpbic parameters. In some cases, tbe age-sex 
distribution is borrowed from the experience of anotber country 
or area which is anticipated to have similar demographic 
evolution but has better quality data. 

167. A combination of mathematical and demographic methods is 
sometimes preferable. For example, for the younger and older 
ages tbe adjustments may be based on models but for the other 
ages, moving aVerage or otber mathematical metbods may be 
used. The Brass logit method is anotber technique utilising 
models, mathematical tools and at the same time trying to 
utilise available information to the maximum. The model chosen 
should, as far as feaSible, be near the demographic situation 
in tbe area being studied. 
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168. Where more than one enumeration is available, the 
survival ratios and qther details available should be used. 
One approach to obtain an average age distribution tried in 
Tanzania, 1978 is to take the averages of persons reported as x 
and x+11 at the 1967 and 1978 censuses respectively and 
attribute an age midway between the two. For example, those 
aged 6 in 1967 and 17 in 1978 are related through mortality and 
an average of the two will depict population at exact age 12 
and so on. The survival ratios also can be used first by 
smoothing these ratios and applying them to the enumerated age 
distributions. 

169. UN Manual ~ gives yet another method based on a quadratic 
regression equation of transformed cumulated proportional age 
dustribution utilising standard population values. 

170. The method consists of calculating 

1 + C (x) 

[-----~--), where 
Y(x) = 1n 1 - e(x) 

e(x) is the cumulated proportion upto age x in the observed 
population. 

171. The regression equation suggested is: 

2. 
Y(x) = A Ys (x) + B Ys (x), where 

Ys ( xl is calculated from a chosen standard population. The 
standard chosen should be near to the expected situation for 
the observed population. 

172. The parameters A and B are estimated by using the method 
of selected points. Usually the numbers of available age 
values are divided into 2 equal groups and the means of the two 

groups are utilised If Yl' Y2' YS1' and YS2 are 

respectively the mean of the first and second groups for the 
observed and standard populations, then 

1 Yl Y2 
A· [--------------] [---

YSl - YS2 1(Sl 1(S2 

and Y2 
B = A 1(S2 

YS2 
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173 Using these values of A and B, the expected values of 
Y(x) can be obtained from the quadratic regression equation. 
The values of C(x) are then obtained as 

eY(x) - 1 

e(x) • ------------
eY (x) + 1 

Table 2.17 
Smoothing of age data by Manual X method: Ghana 1964 -female 

Age e(x) Y(x) Calx) Ya(x) Y*(x) C*(x) c*(x) 

5 .163 .329 .161 .366 .363 .179 .179 
10 .322 .668 .327 .679 .669 .323 .144 
15 .438 .939 .450 .969 .951 .443 .120 
20 .536 1.197 .553 1.245 1.217 .543 .100 
25 .626 1.476 .640 1.516 1 477 .628 .085 
30 .710 1.774 .713 1.186 1,733 .700 .072 
35 .773 2.055 .774 2.060 1.991 .160 .p60 
40 .821 2.320 .825 2.345 2.251 .811 .051 
45 .aOl 2.594 .861 2.642 2.533 .a53 .042 
50 .895 2.893 .902 2.966 2.830 .889 .036 
55 .924 3.231 .930 3.317 3.149 .918 .029 
60 .941 3.493 .952 3.705 3.498 .941 .023 
65 .960 3.892 .970 4.185 3.923 .961 .020 
70 .972 4.255 .983 4.159 4.424 .916 .015 

NC>\(. : The Calx) values are from Coale-Demeny North stable , 
populations with level 14 and growth rate 3% 

C*(x) and c*(x) are the estimated cumulated and actual proportions 
corresponding to age x. 

2 
Y (x) - A Ys (x) + B Ys (x) 

1 Yl Y2 1 
A =[-------------] (---- - ~---- ] =[---- ] [.978 - .948) 

-2.185 

= -.0137 

B = - A YS2 = .948 + .0137 (3.417) = .9948 
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114. The adjusted populations at each age group can then De 
obtained by successive differencing of the estimated cumulated 
proportions. Table 2.11 illustrates the use of the method to 
the female age distribution of Ghana, 1984. 

115. Admitting that some of these techniques ate time 
consuming and that it is many times necessary to try all 
methods before accepting any particular method, it is 
gratifying that soft wares are now available to carry out these 
procedures quite expeditiously. The UN five point and carrier 
Fa~rag, Newton quadratic difference and Sprague osculatory 
formulae are available in the US Census Bureau programmes 
UNSMll, and SMOTS programmes. 

176. The US Bureau has also another method PWDRV which 
utilises 2 enumerations to adjust population distribution. In 
addition, the Demeny - Shorter method and the Preston (PRESTO) 
method produce adjusted age distributions when one has data 
from two enumerations. PRESTO is available in MORTPAK. 
Another programme in MORTPAK is CENCT which adjusts one census 
against another enumeration. 

Experiences and observations on basic age-sex 
data adjustments during 1910 and 1980 round 

117. Age sex data from selected African countries (Anglophone) 
were smoothed by the various mathematical and demographic 
techniques and results for some of these are presented in table 
2.16. An index of dissimilarity was calculated comparing the 
reported against the smoothed. The largest index was taken as 
indicative of better smoothing. 

178. Some of the methods do not deal with the young and old 
ages where the problem of en.lmeration and reporting are quite 
serious. It is only the oscula tory interpolation formula which 
technically can smooth young ages and old ages other than the 
open ended ages. 

179. A study by ECA concluded tbat Brass method of smoothing 
is recommended for African data but cautioned about its use 
because the intercept and slope derived on the basis of the 
reported and reference standard age distributions are used t.o 
adjust the age distribution. Thus like the quasi or stable 
population models which are used to smooth data, the Brass 
method also depends on the adequacy of the selected reference 
standard. To the extent that there is some subjectivity in 
this selection, it is suggested that care should be exercised 
in its use. 

Adjustment of Pertility and Mortality Data 

180. Since the biggest problem in fertility and mortality data 
is the large omission of events, any, information on coverage 
would be useful to adjust the data. The Brass PjF ratio method 
to a large extent takes care of under reporting of births 
during the past year as compared with retrospective 

_____________________________ -,1_
1

" 
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information. The Chandrasekar-Deming method of adjustment 
should be used only when all the conditions needed by the 
method are fulfilled. The method 01 adjusting for recall lapse 
by using a memory decay curve might also produce reasonable 

Table 2.18 Reported and Adjusted female age distributions for 
Tanzania, 1978 

Age 
Groups 

Repor
ted 

0-4 
5-9 

10-14 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80+ 
Index 
of diss
imilarity 

18.1 
15.6 
11.6 

9.8 
8.3 
7.9 
5.7 
5.0 
3.9 
3.5 
2.7 
2.0 
2.0 
1.3 
1.0 
0.8 
0.6 

UN 
Method 

16.9 
15.3 
11.9 

9.6 
8.5 
7.4 
5.9 
4.8 
4.0 
3.4 
2.6 
2.1 
1.8 
1.4 
1.3 
0.7 
0.4 

2.2 

Oscula
tory 
Inter
polation 

19.2 
14.7 
11.6 

9.8 
6.7 
7.5 
5.9 
4.8 
4.1 
3.3 
2.6 
2.1 
1.6 
1.5 
1.1 
0.5 
0.6 

2.3 

Brass 
10git 

difference 
method 

18.4 
14.3 
11.9 
10.2 
8.7 
7.1 
6.0 
5.1 
4.2 
3.5 
3.0 
2.4 
1.9 
1.4 
1.0 
0.6 
0.3 

2.9 

Quasi 
Stable 
Model 

18.3 
14.3 
11.9 
10.0 
8.4 
7.1 
6.1 
5.2 
4.4 
3.7 
3.1 
2.5 
2.0 
1.4 
0.9 
0.5 
0.2 

3.1 

Carrier
Farraq 

18.2 
15.8 
11.8 

9.7 
8.8 
7.4 
5.9 
4.8 
4.1 
3.3 
2.5 
2.1 
1.8 
1.4 
1.0 
0.5 
0.8 

results. A method proposed by Ajit Das Gupta for adjusting 
parity at older ages might work in certain situations. To 
adjust for the so called 'zero error' the method proposed by El 
Badry may be useful but one should ascertain that the 
conditions for using the technique are fulfilled. Where the 
proportion of zero parity reported is extremelY small and does 
not vary over age, this method might not work. Fitting of 
curves to parity or cumulated fertility data might also be 
tried. the Gompertz curve or logistic curve have been noted to 
be appropriate. The method proposed by zaba may also be useful 
in certain instances. The Coale-Demeny formula and the Brass 
modification based on parity at young ages to estimate TFR seem 
to work in certain situations but large variations may be shown 
by these and in such cases an average may depict the situation. 
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181. For adjusting mortality data, the Brass, Sullivan, 
Trussel and preston-Palloni methods might indicate directions 
of errors and deficiencies. Adult 1IIOrtality methods, in view 
of age misstatement, wrong reporting of status etc., might not 
be near the actual situation and should be used with caution. 
The Brass death distribution method and the Courbage method 
seem worth trying when data on death are deficient. 

182. Mortpak has a programme called BENIiR which estimates the 
completeness of adult death registration based on population 
age distributions from two censuses and registered deaths by 
age for the intercensal period. 

2.6 Effects of errors and biases on vital parameters, 
Projections etc. 

183. In most of the developing countries because direct 
information is lacking or at best incomplete and defective, 
indirect estimation procedures are utilised to estimate vital 
rates. The most important element in the estimation procedures 
is the age-sex distribution. hence any evaluation of the 
derived parameters should keep in mind the potential sources of 
errors coming through age misreporting, under enumeration etc. 

184. If the variance of age responses is very high, the 
conclusions that can be drawn from the data are very 
restricted. Most studies of age misreporting show a rather 
large random component in age reporting, suggesting that 
caution sheuld be exercised in analysiS at the individual level. 

185. Some uses of data eg stable population analysis are 
insensitive to gross errors in age reporting, whereas the Brass 
techniques for estimating fertility and mortality might be 
sensitive to gross errors in age reporting if they are 
correlated with parity or marital status and hence stable 
population analyses might produce biased estimates. However, 
finding from stable population analysiS merely suggests that 
the effect of age Misreporting on age group 15-24 is larger in 
magnitude and opposite in direction to the effect of under 
reporting_ In addition, since the individuals who are most apt 
to be missed are the single and childless, the under enumeration 
in these age groups might bias estimates of fertility rates and 
of ages at first union and first birth and hence it is still 
necessary to be cautious of results based on stable population 
analysis. Brass plF and child mortality method depend on 
experience of young women. It is very vulnerable to gross 
errors in age reporting among women aged 15-29. If age 
reporting errors are random, it is unlikely that they would 
cause biases in the estimates of fertility and child mortality; 
however, they are clearly linked to parity and union status. 
Parity is most closely related to age reporting and recent 
fertility is least affected. Whether biases are introduced by 
age misreporting related to child survival rates is not known. 
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186. For instance, if a woman's first and only child is now 
deceased and she is not in a union, there is a good chance that 
this child might not be recorded. Hence women aged 20-24 whose 
only child is dead, might be classified as 15-19 and hence bias 
upward the proportion surviving among children of women aged 
20-24. 

181. Again, between ages 15-30 most individuals reach puberty, 
form their first conjugal union and have their first children. 
Along with these changes, individuals often migrate or set up 
new households. Each of these events marks a change in a 
person's place in the community, each plays an important role 
in population dynamics and each is of primary interest to 
demographers. The significance of these changes is made even 
more crucial by the fact that some of the techniques for 
estimating overall fertility and child mortality rates 
(especially those developed by Brass) rely heavily on the 
reported experiences of women aged 15-29. 

188. Evidence of biases due to misreporting of age on 
estimates of fertility is shown by data in following table. 
Four age groupings: 0-4, 1-5, 2-6 and 3-7 were used to arrive 
at estimates of fertility from current and retrospective 
reports a,nd using correction factors P2/F2 and P3/F3' 
The estimates even though variable, are not drastically 
different from each other. Also the estimates based on the 
different correction factors are within a narrow range, it 
looks as if the estimates based on 0-4 and 3-7 groupings are 
similar. Thus it is concluded that digit preferenCe, age 
shifting etc., may not effect estimates very much. 

Table 2.19 Estimates of fertilit~ from different age 
groupings - Ghana, 1971 

Parameter Sasis of Age range 
estimate --------------------------

15-l!I 16-20 17-21 18-22 

TFR P2/F2 7.78 7.91 1.70 1.61 
P3/F3 7.62 6.06 7.66 7.80 

Source: Ewbank D.C., Age misreporting and age selective 
underenumeration: Sources, patterns and consequences for 
demographic analysis, National Academy Press, Washington, 
D.C., 1981. 



- 88 -

189. on the other hand, Van de Walle tested the effects of 
various simple patterns of age misreporting on the Brass 
method. He noted that age misreporting affected the shape of 
the fertility curve and that the cumulative fertilities, 
computed from recorded age-specific fertility rates in the 
presence of age misreporting were substantially different from 
the oriS;,.",l figures. This was true of parity also. Under the 
hypothesi~ of higher fertility and lower parity, he noted that 
the r.>/F ratios declined from a rather high va).ue much above 1 
at age, 15-19 to values atound 1 by age 30-34. Table below 
presents the r.>/F ratios by age for the· data ftom the 1978 
census of Tanzania, which shows the declining patterns of the 
ratio by age, perhaps pointing out to the type of error studied 
by Van de Walle. 

Table 2.20 P/F ratios by age - Tanzania 1978 

Age group 15-19 20-24 25-29 30-34 35-39 40-44 45-49 

P/F ratio 1.40 1.30 1.12 1.04 0.96 0.90 

190. Table 2.21 presents life expectation based on Brass 
estimates of ql' q2' q3 and q5' utilising four 
different age groupings to study the effect of digit 
preference. It can be noted that the differ:ences are smaller 
than those among the four qx values. All of them show high 
life expectation through ql and a deClining pattern. But in 
many other situations, what we See is higher values of life 
expectation based on q3 and q5 perhaps due to omission of 
some dead children. The single year data giving proportion of 
dead children for Ghana (Table 2.22) indicates very little of 
the problem of omission of dead Children. It would be 
interesting to bave similar tabulations for other countries 
where the levels show a contrary pattern. 

Table 2.21 

Parameter 

Estimates of child mortality derived from different age 
groupings - Ghana, 1971 

Basis of estimate 15-19 16-20 11-21 18-22 

Life expectation ql 57.10 55.86 55.07 55.26 
at birth 

q2 53.49 53.49 53.49 52.91 
q3 51.58 50.47 50.59 50.47 
qS 49.63 49.21 49.21 48.98 

Source: Ewbank, D.C., Age misreporting and age selectiVe 
underenumeration: Sources, patterns and consequences for 
demographic analysis, National Academy Press, Washington, 
D.C., 1981. 
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Table 2.22 Percentage of children dead-by single years of age 
of mother, Ghana, 1971 

Age 16 17 18 19 20 21 22 23 24 25 26 27 28 29 
, dead 10.0 6.8 8.1 8.6 10.7 12.7 11.1 12.7 12.7 13.3 13.8 15.9 15.6 15.7 

Age 30 31 32 33 34 35 36 37 38 39 40 41 42 43 
, dead 17.3 15.7 17.8 18.6 19.3 19.7 18.6 21.0 20.3 19.0 22.2 22.4 24.0 25.4 

source: Ewbank D.C., Age misreporting and age selective underenumeration: 
Sources, patterns and consequences for demographic analysis, National 
Academy Press, Washington, D.C., 1981. 

191. The effect of age misstatement on Brass estimates of 
child mortality was studied by Santow through a micro 
simulation model and following Tahle 2.23 presents the 
results. In one simulation, the age of half of the women with 
parity above average waS shifted upward and the other 
simulation shifted all women with above average parity. For 
moderate level of mortality, the difference between no shift 
and half shift was on the average one year in life expectation, 
and was same for high mortality as well. For the full shift, 
the differences were much larger-about 3 years on the average. 
Interestingly, the life expectation shown by the successive 
qx values were declining in all the cases - no, half and full 
shift and high and moderate mortality. 

192. Regarding data on parent survival, exaggeration of age is 
a serious one. This would result in estimates of life 
expectation much higher than the true value. For example, an 
exaggeration of 2.5 years would result in adding 2.5 years to 
estimated life expectation. The bias may be more, if reporting 
of age is different among those with parents alive and those 
who have lost their parents. An important variable used in 
adult mortality estimation is the mean age at child birth. Age 
exaggeration certainly would bloat this up. Again, in 
societies where male remarriage is not infrequent, there could 
be large difference between male and female age at marriage and 
hence in age at child birth. For example, one study with data 
from the Sudan 1973 census indicated that an increase of 3 
years in the age difference between husbands and wives would 
result in an increase in male life expectation by 1.5 years. A 
similar attempt using WI'S data from Lesotho showed that an 
assumption of an eXaggeration of 2 years in age reporting but 
with the mean age at birth not changed, reduced life 
expectation of males only by half a year. But a similar 
exaggeration both in age reporting and in mean age at birth for 
females showed a decrease of about 2.4 years. 



- 90 -

Table 2.23 Simulations of the effect of.age misreporting on 
$rass child mortality estimates 

Female life expectancy at birth 
Parameter with no age half shift full shift mixed 

misreporting 

Moderate mortality 
91 61.4 63.5 66.2 65.9 

92 60.6 61.4 64.2 60.3 
93 60.3 60.3 60.7 59.4 

High mortality 
91 45.3 44.1 50.4 
92 38.2 40.9 46.6 
93 37.3 38.8 39.5 

Source: Bantow G., Microsimulation test of the effect of age 
misstatement on estimates of childhood mortality, 
Working paper No.8, Voorberg, Netherlands, 1977. 

193. Brass parental survival method may be potentially biased 
not only by age misreporting but also by the effects of age 
misreporting on the standard life table used to smooth the 
survivorship estimates obtained. 

194. The effect of age misstatement on widowhood/widowerhood 
also is important in estimation of adult mortality. The 
proportions with spouses still alive as obtained from the 1977 
fertilit,Y survey ttf Lesotho is presented belG\w. (Table 2.24) 
Even though the proportion is declining smoothly, still the 
values look large especially at older ages. Using these 
values, life tables were constructed by splicing child and 
adult mortality through the method suggested by Brass and lUll 
and the life expectations were too high. 

195. Rashed tested the sensitivity of the Brass death 
distribution technique to age misreporti'ng under 2 models - one 
with the same pattern of age misreporting for the population 
and ttie deaths and the other with two different patterns for 
population and deaths. The result showed that death rate could 
be off by 1 to 2 points per 1000. Smoothing the age 
distribution of total population and of deaths separately tends 
to increase the error in estimated death rate. 

___________________________________ "'11-'1 
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Table 2.2 ... Proportion of eVer married persons with first spouse 
still alive, Lesotho, 1977 

Age group 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 
M .9942 .9904 .9765 .9704 .9399 .9143 .8891 .8632 

Prop. not widowed 
F .9793 .9076 .9311 .8981 .8154 .7298 .6440 .5208 

Source: Lesotho Fertility survey, 1977. 

2.7 Conclusion 

196. It has to be stressed that data correction will not 

substitute for care and caution in data collection and in iact 

it would be detrimental to give the impression that improvement 

of data collection is not necessary because correction can 

always be done. Methods and techniques would be harmful if 

they were used as a pretext to ignore the importance of a deep 

quantitati ve knowledge of a population' s characteristics, 

geography, economic life, sociology, customs and history. 

197. This does not imply that data need not be adjusted, but 

what is needed is that in every case, adjustment should be 

specific to the situation and care should be taken not to over 

correct data, so that the so called • corrected data' does not 

lead away from reality. 

198. A battery of tests and methods are needed before an 

assessment of data can be made. A cafeteria approach 

subjecting the data to several types of scrutiny might reveal 
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the patterns and magnitudes of errors, biases and other 

deficiencies and one may be not only able to arrive at 

plausible explanations for these so that future data collection 

efforts could be aware of these and avoid them, tbey could also 

be guidelights for adjustments. 

199. The types and varieties of errors vary froll one country 

to anotber and perbaps over time. Generalisation from one 

experience is risky. Evaluation and adjustment is still an art 

and needs a lot of experience in bandling data. In developing 

countries with many unknown facts about population, evaluation 

is like completing a jig-saw puzzle with so.. pieces mi8lJing 

and a few distorted. What one tries is to disentangle tbe 

pieces and see wbat emerges. 

200. It is useful if evaluation studies are published in 

detail so tbat lessons could be learnt from the experiences. 

Tbere is clear need for not only detailed studies on data 

quality but also tbeir publication and wider disseaination. 

201. Evaluation and analysis of data should be planned in 

advance and con~inuous quality control must be ensured. A post 

mortem examination migbt not reveal significant factors and 

facts and mucb of the vital information collected migbt becoae 

either less valuable or sometimes useless. 

-------------------------.----------------"""11-1
' 
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CBAP'l'BR 3 

ESTIMATION OF MORTALITY 

3.1 Introduction 

1. Tne importance of estimating current levels and future 
trend of mortality in Africa for planning and policy 
formulation can not be over-emphasized. Such an exercise will 
also help in evaluating the quality of data collection which 
will consequently throw light on the types of data required. 
However, the statistical systems in Africa have not always 
produced reliable data through the traditional means of civil 
registeration. As a result, demographers have increasingly 
depended on ·indirect· techniques of estimating vital 
parameters. 

2. Over the years, the amount of data collected has 
increased in volume. Although the improvement in the quality 
of data might not be as m~ch as the increase in quantity, it is 
safe to say that there has also been an improvement in the 
quality of data since the early 19&Os. On the other hand, 
there have been a proliferation of techniques of data 
evaluation and analysiS aspecially mortality and fertility in 
the last two decades. This section will review some of the 
techniques of mortality analysis and illustrate methods for 
estimating levels and some trends of mortality. 

3.2 Data sources 

3. Except for some off-shore Islands and some of the 
countries bordering the Mediterranean Sea, most Afican 
countries, either do not have Vital Registeration Systems or 
where they exist they are neither representative nor complete. 
The result is that mortality levels and ttends can not be 
estimated using conventional methods. Indices such as crude 
death rates, standardiZed etude death rates and expectation of 
life at birth can not be computed directly in the absence of 
data on deaths in a year by age and sex. Consequently, 
estimation of mortality has concentrated on data collected in 
censuses and sample surveys. 

3.2.1 Censuses 

4. ·Census· taking in Africa started during the early days 
of colonialism when the then admistrators saw the need to take 
population counts to assess the magnitude of labour reserVes or 
to levy hut tax. Most of these ·censuses· were head counts 
which did not collect information useful for vital rate 
estimation. After Independence, most of the English speaking 
African countries undertook censuses which provided age sex 
distributions that were used to estimate the level of fertility 
and mortality under certain assumptions. The development of 
the Brass technique of estimating infant and child mortatil1ty 
in the early 19&Os from data on Children ever born and children 
surviving to all women ~n the reproductive age group led to the 
inclusion of questions on survival of children eVer-born to 
women 15 years of age and over. The questions were to be 
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answered by the head of the household on behalf of each woman 
in the Household who is 15 years and over. The questions 
were: How many children has she ever born? and HOW many of 
these are now still living? With the inclusion of these 
questions in census schedules and their increasing promise in 
providing somewhat robust estimates, the questions were 
modified to increase their accuracy. They were formulated to 
read: Of the children ever born to the woman, how many are 
still living with her? _ How many are still living elsewhere? 
and how many are dead? These information were preferably to be 
collected by seK of children. 

5. The apparent success of the children ever born-children 
surviving (or children dead) data to estimate Infant and Child 
Mortality (ICM) statistics led to the investigation of the 
relevance of data on the survival of parents and the further 
recommendation by the U. N. to tbe inclusion of quest ions on 
survival of parents in Census Schedules. Although, the results 
of using data on survival of parents has not been as successful 
as the survival of children, it still forms an independent 
source of estimating adult mortality especially for females. 
Data on whether the first spouse of an ever married member of a 
household is still alive or not as well as data on survival of 
siblings are also suggested as potential sources of female 
adult and maternal mortality respectively. We do not envisage 
to expatiate on the last two ie. the survival of spnuse as well 
as siblings, mainly because the data required for the 
application of these techniques are not collected by most of 
the African countries. 

3.2.2 sample Surveys 

6. Sample surveys are second to censuses in providing 
information on mortality in Africa. Apart from the 
post-Enumeration surveys that accompanied censuses, ad-hoc 
surveys have been going on in the continent which have been 
collecting data on children ever-born and children survivin9' 
In fact, prior to the 1980 round of censuses, most of the 
French-speaking African countries collected their demo9raphic 
data from Sample surveys. The data collected from such surveys 
have been: children ever-born and children survivin9 and the 
survival status of the most recent birth or status of the birth 
in the last 12 months. In terms of data on mortality from 
Sample Surveys, the World Fertility survey deserves a special 
mention. It is a survey which collected a very high quality 
data on fertility which has also been used to derive mortality 
indices from a sm.all sample with intensive supervision though 
it was not meant for mortality studies. The Maternity history 
data which records the date of birth, and the date of death of 
each child born to a woman in a reproductive age group provides 
the source for estimating the level of infant and early 
childhood mortality both directly and indirectly, thereby 
allowing one to assess the reliability of the indirect methods 
of estimating infant and child mortality. 
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3.3 Methods of Estimating Mortality 

The methods available to estimate mortality indices vary 
with the types of data on hand. They can broadly be classified 
into two parts. These are those that depend on conventional 
data and those that are based on unconventional data. The 
methods can also be classified by whether they estimate adult 
or child mortality. Except for a brief mention of the 
availaole methods, the paper will concentrate more on those 
methods that are based on unconventional data. Classification 
will also be made on whether they estimate childhood mortality 
or adult mortality. 

3.3.1 Child Mortality Estimation 

The conventional data on child mortality are, births, 
deaths in infancy and childhood, and child population by age. 
Each of these data are potentially subject to large er rors. 
Evaluation of the data before computing infant mortality rate 
can be made using the balancing equation for consistency of the 
two sources of data; ie child population from census and births 
and deaths from vital registeration. Such data as stated above 
are not available in most sub-Saharan countries. 

Child Mortality Estimation from unconventional Data 

9. Data on reports of women concerning their live births and 
the subsequent survival of those children are utilised to 
estimate mortality rates. In its simplest form, the technique 
requires the total number of children ever born and the total 
number surv1v1ng among the ever born classified by age of 
mother at the time of census or survey. Methods have been 
developed, first by Brass (1964) and subsequently by sullivan 
(1972) and Trussell (1975) to convert the proportion of 
children dead reported by women of each age group into 
probaoilities of dying, q(i) before childhood age (i). 
Ideally, to estimate q( i), one would like to identify a group 
of children at birth, follow them for i years, and see how many 
fail to survive. But, this direct method is impossible to 
achieve in Africa south of the Sahara because of the reasons 
given earlier. Therefore, the BraSS technique circumvents the 
problem of following a cohort of births by developing an 
ingenious method of converting a mortality statistics D(x), the 
proportion of children dead among ever born to women of age x, 
into a probability of dying before age i, q( i). Since the 
children of mothers who are aged x are not of the same age i, 
the proportion dead, D(x), is a composite of child-mortality 
levels. Brass' s technique is therefore essentially the 
development of a multiplier that will convert D(x) to q(i). 
10. For a clear understanding of the underlying prinCiples of 
the method, a brief expositions will be made below. 
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Let D(x) '" the ratio of children dead to all children 
ever born to women of age x in completed 
years. 

cx't) '" the proportion of children born t 
before the census or survey (whether 
or not) to mothers of age x 

q(t) .. the proportion of children who died 
those born t-years before the census. 

If s represents the earliest age of child-bearing, 

x-s 
D(X)" ~ 

tal 
Cx(t)qltl 

years 
aliye 

among 

( 1) 

Under assumption of constant fertility and mortality 
and given that the information on number of children ever-born 
and children surviving were accurately reported, a life table 
satisfying equation (1) can be determined for a given exIt) 
distribution. Let q'ltl be such a life table. 

Equation (1), then becomes 
D(x) .. 

x-a. 
~ Cxlt)q'(t) 

t"'l 
(2) 

From equation (2), it follows that the proportion of children 
dead is a weighted average of the probability of dying with 
Cxlt) as weights. By mean value theorem, there exists a 
number u where 1 ~ u < x-s such that 

Dlx) .. q'(u) (3) 

Further, let us assume that the pattern of mortality is known. 
In such a life table system q'(t) '" K. q's{t) 
where q' sl tl is the $urvival probability which can be picked 
from among the one parameter life table systems which is 
considered here as a standard. K is independent of age and 
measures the level of mortality. 

12. In such a situation, equation (3) becomes 
Dlx)-K • q'slu) (4) 

Since u can assume integal as well as non-integral values 
depending on the distribution of children by age, Brass 
developed a set of conversion factors to transform the 
proportions dead, Dlx), to probabilities of dying to Specific 
ages, q's(i). 

The formula used to develop, the conversion factors for age 
group u is: 

q' (i) 

K(1) = ---- .. ( 5) 
D(X) k·q'slul 

Similar argument can also be used to determine the convers ion 
factors for data tabulated by duration since first marriage. 

L '1'-41 
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The correspondence between u and i in that case will remain the 
same, the only change will be the age group of mothers being 
replaced by duration since marriage. The correspondence is 
that duration 0-4, 5-9, 10-14, 15-19, 20-24,25-29 and 30-34 
replace the five year age groups 20-24, 25-29, 30-34 upto 50-54 
respectively. 

13. The development of equation (5) assumes that the 
country under study has the relevant data to determine the 
Cx(t} correctly. But,· since the state of demographic data 
collection in Africa h~; "not reached such a level, the need for 
indirect methods of estimating mortality would be in order. 
Lack of reliable data to estimate Cx(t) led Brass to use a 
model fertility function or artificially constructed population 
which was assumed to broadly define the fertility pattern in 
Africa. The fertility model was a third degree polynomial in 
age expressed as fix) • C(X-S)(S+33-X)2 where x is age of 
woman, S is the earliest age of child bearing and C is a 
constant dependent on the level of fertility. Note that the 
fertility function is a rigid curve that changes the level but 
not the structure. The curve slides forward and backwards 
along the age axis with changes in the value of S, the earliest 
age of childbearing. 

14. A panel of multipliers is therefore developed for 
various values of S, but since measuring S in real situations 
will be difficult, an entry parameter which is related to S was 
used instead. Such a parameter was a ratio of the mean number 
of children ever bOrn to women 15-19 to the mean number of 
children ever born to women 20-24 (PI/P2) hereinafter called 
PARI. Other entry parameters such as the mean and the median' 
of the age specific fertility rates are also used to select 
multipliers for the older age cohorts (women 30 years and 
over). Later, P2/P3, (PAR2), was also included as another 
parameter for selecting the multipliers for age groups under 30 
years. The logit system generated by the general standard was 
the mortality pattern used in the development of the 
multipliers (UN. 1'83). 

15. Later studies by Sullivan (1972) and Trussell (1975) 
examined the estimation problem in a different way. They 
studied the relations between 1)( i} and q( j} using regression 
analysis. For these analysis, observed fertility distributions 
of European experience were used by the former while the latter 
used data generated from model fertility schedules developed by 
Coale and Trussell (1974). The entry parameters were PARI for 
the former and PARl and PAR2 for the latter. Sullivan 
developed multipliers for three age groups ie 20-24, 25-29 and 
30-34, while Trussell developed multipliers for all seven 
(15-19, 20-24, ...... , 45-49) age groups. Unlike Brass, both 
Sullivan and Trussell developed their coefficients for each of 
the Four Coale and Demeny (1966) Regional Model life tables. 
Based on the New United Nations Hodel life tables and fertility 
schedules generated by Coale-Trussel, Palloni and seligman 
(1986) have also developed coefficients that help investigators 



- 100 -

to compute mutipliers that help to convert proportion dead 
among children ever born by age of mother to probability of 
dying before exact ages 1, 2, 3, 5, 10, etc. For a detailed 
exposition of the various variants, the origlonal papers should 
be consulted, though in the case of Trussel's variant a 
IIIOdlfied and simpler version is given in a recent puhlication 
of the United Nations(1983) on indirect techniques for 
demographic estimation. 

16. Here, the Trussell variants will be applied. Tables 
3.1 And 3.2 give the .ultipliers. Experience in RIPS and 
elseWHere indicate that in practice, the various procedures for 
analysing data on proportions dead among Children ever born 
giVe similar results. For this reason, the Trussell Variant 
will be demonstrated. 

Application of the Children Ever Born/Children Surviving to 
estimate Child Mortality 

17. The data required for the application of the Trussell 
variant of estimating child mortality are: 

(AI Women in the reproductive age group by age or 
married women by duration since first marriage. 

(B) Number of children ever born to women in each age 
group or duration group. 

(e) Number of children dead or surviving among those 
ever born in each age or duration group. 

The mechanics of the technique: 

(1) Let CBB(i), CD(!) and wei) denote respectively, the number 
of children ever born, the number dead among the ever born and 
the number of women in age group i where i-l,2,3,4, ...... , 7, 
corresponding respectively to age groups 15-19, 20-24, •••• and 
45-49. 

Step 1: Calculate the mean Parity, denoted as PIt), using 

CES(i) 
PH) - ------

W(i) 
for each of the i's 

For instance, in the case of the Kenyan example, Table 3.3: for 
i-4, CEB(4) • 2,223,620; CD(4) - 368,676 and W(4) - 412,691 

2223620 
P(4) - -------- • 5.3881 

412691 

__________________________________ -;!""~ I 
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Table 3.1 Coefficients for Estimation of Child Mortality Multipliers, 
Trussell Variant, When Data Are Classified by Age of Mother 

Mortality Coefficients 
MOrtality Age Index ratioa 
model group i q( x l/D( 1) ali) b(i) c(i) 
---'( .... 1"'-1 ______ ->..:( 2 ... ) __ ..-ill (4 I (5) (6) (7) 

North ••• " •••• 

South ........ . 

East •••••••• 

West 

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

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

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

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

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

qUI/D(ll 
q(2)/D(2) 
q(3)/D(3) 
q(5)/D(4) 
q(10)/D(S) 
'1(15)/D(6) 
'1(20)/0(7) 

'1(1)/0(1) 
q( 2)/D( 2) 
'1(3)/.' 3) 
q(5)/0(4) 
q(10)/0(5) 
q(15'/0(6) 
q(20)/0(7) 

q(l)/D(l) 
q(2)/D(2) 
q(3)/D(3) 
q(5)/D(4) 
'1(10)/D(5) 
q(15)/D(6) 
q(20)/0(7) 

q(l)/D(l) 
q(2)/D(2) 
q(3)/0(3) 
q( 5 )/D( 4) 
q(1O)/D(5) 
q(15)/D(li) 
q(20)/D(7) 

1.119 
1.2390 
1.1884 
1.2046 
1.2586 
1.2240 
1.1772 

1.0819 
1.2846 
1.1223 
1.1905 
1.1911 
1.1564 
1.1307 

1.1461 
1.2231 
1.1593 
1.1404 
1.1540 
1.1336 
1.1201 

1.1415 
1.2563 
1.1851 
1.1720 
1.1865 
1.1746 
1.1039 

Estimation equations: 
k(i)=a(i)+b(i) PARl+c(i)PAR2 
q(x)=k(iID{il 

-2.9287 
-0.6865 

0.0421 
0.3037 
0.4236 
0.4222 
0.3486 

0.8507 
-0.2745 
-0.5156 
-0.5656 
-0.5898 
-0.5456 
-0.4624 

-3.0005 -0.8669 
-0.6181 -0.3024 

0.0651 -0.4704 
0.2631 -0.4487 
0.3152 -0.4291 
0.3017 -0.3958 
0.2596 -0.3538 

-2.2536 0.6259 
-0.4301 -0.2245 

0.0581 -0.3479 
0.1991 -0.3479 
0.2511 -0.3506 
0.2556 -0.3428 
0.2362 -0.3268 

-2.7070 0.7663 
-0.5381 -0.2637 

0.0633 -0.4177 
0.2341 -0.4272 
0.3080 -0.4452 
0.3314 -0.4537 
0.3190 -0.4435 

a Ratio of probability of dying to proportion of children dead. 
This ratio is set equal to the multiplier k(il. 

Source: United Nations. (Manual Xl. Indirect Techniques for 
Demographic Estimation. Population Studies of the United 
Nations. No.8I. ST/ESA/SER.A/81. New York. P.77. 
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Table 3.2 Coefficients for Estimation of the Reference Period, t(x)a, 
to which the Values of q(x) Estimated from Data Classified 
by Age Refer 

Mortality Age Index Age 
Para
meter 

Coefficients 

model group i x estimate ali) b( i) c( i) 
_ (""1'-') ________ ,",,(2::..<) __ -.ill ( 4) ( 5 ) ..:..( 6,,-,),--_ _ (>....:7-<.)_ .... (..::;8.L..) __ 

North •••••••• 

South •• ~ ....... 

East •••••••• 

West •••••••• 

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

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

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

1 1 qO) 
q(2) 
q(3) 
q(5) 
q( 10) 
q(15) 
q( 20) 

2 2 
3 3 
4 5 
5 10 
6· 15 
7 20 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 

1 q(1) 

2 q( 2) 
3 q( 3) 
5 q(5) 

10 'q( 10) 
15 q(1S) 
20 q( 20) 

1 q( 1) 
2 q( 2) 
3 q(3) 
5 q(5) 

1U q(10) 
15 q(15) 
20 q( 20) 

1 q( 1) 
2 q(2) 
3 q(3) 
5 q( 5) 

10 q(10) 
15 q(1S) 
20 q(20) 

1.0921 
1.3207 
1.5996 
2.0779 
2.7705 
4.1520 
6.9650 

1.0900 
1.3079 
1. 5173 
1.9399 
2.6157 
4.0794 
7.1796 

1. 0959 
1.2921 
1.5021 
1.9347 
2.6197 
4.1317 
7.3657 
1.0970 
1.3062 
1.5305 
1.9991 
2.7632 
4.3468 
7.5242 

Estimation equations: 
t(x)=a(i)+b(i) PARl+c(i) PAR2 

a Number of years prior to the survey. 

5.4132 
5.3751 
2.6268 

- 1.7908 
- 7.3403 
-12.2448 
-13.9160 

-1.9612 
0.2133 
4.3701 
9.4126 

14.9352 
19.2349 
19.9542 

5.4443 -1. 9721 
5.5568 0.2021 
2.6755 4.7471 

- 2.2139 10.3876 
- 8.4819 16.5i53 
-13.8308 21.1866 
-15.3880 21.7892 

5.5864 -1. 9949 
5.5897 0.3631 
2.4692 

- 2.6419 
- 8.9693 
-14.3550 
-15.8083 

5.5628 
5.5677 
2.5528 

- 2.4261 
- 8.4065 
-13.2436 
-14.2013 

5.0927 
10.8533 
17.0981 
21. 8247 
22.3005 
-1.9956 

0.2962 
4.8962 

10.4282 
16.1787 
20.1990 
20.0162 

Source: United Nations. (Manual X). Indirect techniques for Demographic 
Estimation. Population Studies of the United Nations. No.81. 
ST/EBA/SER.A/81. New York. P.78. 

--------------------------~--------------------,·----'------------~~I~I 
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Using the same formula, the mean patitis. for all the other age 
groups are calculated and the results entered in column 6. 
Column seven contains the proportion dead for each age group. 
It is c.a1culated by the formula 

For example, 

CD{i) 
dU) -

crm{il 

368676 
d(4) - -------- -

2223620 
0.1658. 

The rest of the figures are similarly computed. 
To determine the appropriate multipliers from the tanle of 
coefficients developed for this purpose by Trussell, PARI and 
PAR2 would have to be computed. 

18. For Kenya, PARI • 0.3206/1.8529 = 0.1730 and PAR2 • 
1.8529/3.6521 • 0.5074. For each age i, the conversion factors 
are computed from Trussell coefficient given in Table 3.2 using 
the relationship 

K{il = a(i) + b(i)* PARI + c(i)* PAR2. 

Once again for i=4, and pattern of mortality depicted by North 
model of Coale and Demeny, K(4) = 
1.2046+(O.3037xO.17301-(O.5656xO.50741 • 0.970. 

19. For fixed values of PARI and PAR2 and varying aliI, b(i) 
and c( i}, the set of multipliers for all the seven age-groups 
were computed and entered in column 8. 

20. Column 9 contains the exact ages to which the 
pronabilities of dying refer. The prop:lrtion dead in column 
seven are then multiplied by the multipliers in column 8 and 
the resulting figure entered in column 10. 

21. In theory the first figure is a measure of infant 
mortality and the last a cumulative mortality from infancy to 
age 20. For evaluative purposes, it will be necessary to 
convert them to same unit of measure such as implied levels, 
expectation of life or probability of dying before age five, 
etc. before one can malee a judgement on the estimated infant 
and child mortality. Here the implied levels were determined 
and provided in the last but one column. 

22. One way of computing the implied levels of mortality will 
be to determine the proportion of those who survive a 
particular age from the probability of dying by that age, i.e. 

llx) = l-xqo. 
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If the data were given by sex and the probability of dying 
estimated for one sex only, the problem could be solved by 
matching the estimated l( xl against the appropriate model life 
table l(xl values which are given in the Coale and Demeny Model 
life tables for each level of mortality. But, since ttle data 
on children ever born and children dead are given for both 
sexes combined, the estimated probabilities of dying or 
probabilities of surviving from birth are also for both sexes 
combined. Therefore, the model l(xl values will have to be 
combined by a sex ratio before the matching process begins. 
Fortunately the combined probabilities of survival from birth 
to age x for x ,. 1,2,3,5,10, and 15 are available in Manual X 
pages 272-283 (UN,l9831 for various sex ratios at birth. Hence 
they can conveniently be used. In the case of Kenya, the North 
model levels with sex ratio of 103 males for every 100 females 
was used. 

23. The last column refers to the calendar periods to which 
the estimated mortality levels apply. They are determined by 
SUbtracting the reference period, t(x), from the date of the 
census which was on 24/08/1979, ie.(1979.73). 

24. The t(l) are estimated from Table of Trussell 
coefficients (Table 3.~) for given PARI and PAR2 (See,Table 3.31 

For i ,. 1, ttl) - 1.0921+(5.4732xO.123)+(1.9672xO.5074) 
= 1.04 years before census. 

Therefore, the calendar year to which lqo refers will be 
1979.73-1.04 - 1978.69 (i.e. July-August 1978). 
From column 12, it appears that mortality has been declining 
froll! the late sixties upto the middle seventies. However, the 
2qo and l~ implied levels suggest that the declining trend 
in mortality were reversed since 1975 and infact if the figures 
were to be taken at face value, tney suggest tnat the 
deterioration was on the increase upto the late 1970s. Though, 
the quality of life in the country in the 1970-80 decade might 
not have been as good as the decade preceeding it, the implied 
levels by the first two age groups nave usually been depicting 
unusually high mortality level. It is likely that age errors, 
selectivity as well as differential mortality by birth order 
(higher amongst first born) are to explain the apparent 
inconsistency. It is also possible that small number of events 
at the early ages especially of births and deaths might also 
introduce fluctuations. 

I 



Table 3.3: Application of Trussell Method of Estimating Infant and Child Mortality From Children 
Ever BOrn and Children Oead Tabulated by Age Group of women Kenya 1979 

Age Index Number Number Number Parity Propor- Trussell Exact Probabi- Probability corres- calendar 
Group Age of of of tion Multi- Age l1ty of of Surviving ponding Year 

Group Women Chil- Chil- Chil- pliers Dying from Birth Level to Which 
x-,,+4 i w(i) dren dren pIt) dren M(i) j Before to Ag.e j, of Mor- Level 

Ever Dead Dead Age j tality Refers 
Born 
CEB(!) CD(i) d( i) M(i) q( j) 1( j) 

.l 2 3 4 5 6 7 8 9 10 11 12 13 

15-19 1 887722 Z84604 33042 0.n06 0.1161 1.0368 1 0.120 0.880 12.6 1978.69 
20-24 2 686003 1271095 158633 1.85Z9 0.12.48 0.91110 Z 0.U3 0.877 14.6 1977 .37 

25-29 3 541261 1976739 278918 3.6521 0.1411 0.9341 3 0.132 0.868 15.0 1975.46 

30-34 4 412691 2U3620 368676 5.3881 0.1658 0.9702 5 0.161 0.839 14.5 1973.19 .... 
0 

'" 35-39 5 325367 2105222 388413 6.4703 0.1845 1.0326 10 0.191 0.809 14.3 1970.65 

40-44 6 273702 1921799 417799 7.0215 0.2174 1.020 15 0.221 0.779 13.7 1967.94 

45-49 7 221965 1592266 403162 7.1735 0.2532 1.0029 20 0.254 0.746 13.1 1965.05 
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Problems in the Implementation of the Methods of Mortality 
Estimation On Children Ever Born - Children Dead 

25. The first problem in implementing the technique arises 
when the age pattern of mortality is unknown. In the early 
development of the technique, Brass gave his multipliers for 
one parllllleter model. Later, however, multipliers were given 
for the four families of Coale-Demeny Model Life Tables (Coale 
and Demeny,1966l. Multipliers that can be used to convert 
proportion of children dead among ever born are also available 
for the new UN model life tables. Since the assumed age 
pattern of mortality influences the probability of dying be'fore 
age x, xqo, it is helpful to have some evidence on the pattern 
of mortalitY in order to choose the appropriate multipliers. 
The effect of pattern is more serious for the youngest age 
group than for the older ones. The implied infant mortality 
varies widely with pattern of mortality. It is suggested that 
5qo is less affected by pattern than lqO, 2qO and 3qO 
(Hill, 1986). In an event of lack of information on the true 
pattern of mortality in a population under study, it is 
suggested that the multipliers for the West Model life tables 
of the Coale-Demeny system be used since this choice minimizes 
error. 

26. In sub-Saharan Africa, the North family has been 
considered the most appropriate and subsequently extensively 
used because hospital statistics on Infant and child mortality 
in this area indicated very high infant and early childhood 
mortality compared to late childhood mortality. However, a 
number of studies suggest that the pattern in Africa south of 
the Sahara is unlikely to be a single pattern (Ekanem and Som, 
1984; Blacker and Hill, 1985; Tesfay (Forthcoming); Tesfay and 
Venkatacharya 1966). 

27. A second problem is t.he assumption that. fert.ilit.y has 
remained constant for quite a long ~ime at least for the young 
age group of women. Such an assumption is likely to bias the 
estimated probability of dying. If we assume mistakenly that 
the present low fertility rates obtained in the past as well, 
and calculate ex' the percentage distribution of children of 
women aged x, based on the observed PARI and/or PAR2 we w.ould 
under-calculate the frequency of children at higher ages (when 
fertility was high) and over calculate it at younger ages. 
Since q{ tl increases with age, the model proportion dead 
Cx(t).q(t)dt will be smaller than it:. sh9uld be and q{i) will 
over estimate the true q( j). Fortunately, since declines in 
fertility can be achieved by various methods i.e. postponement 
of age at first marriage, age at first birth, use of 
contraception to space births. etc, their effects may sometimes 
cancel out and lead only to a moderate bias. The error is 
usually' not too serious for younger ages but increases with 
age. Various trials with some declines of fertility under 
different levels of mortality did not result in an error in 
q(i) more than 6t (Venkatacharya, 1979). The effect of changes 
in fertility can also be reduced by using Preston-Palloni's 

------------------------'jl-' 
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technique which attempts to determine the distribution of 
children ever born from the distribution of surviving children 
without recourse to fertility models. One problem of the 
Preston-palloni method is the need for matching of children 
surviving by age to their mothers in the household schedule. 
In most censuses in Africa, matching will be a problem because 
of polygyny, fosterage, and complex household structures. 
Additional question on serial number of mother for surviving 
children will have to be added to the census or survey 
schedules. But, whether an addition of a question on census 
schedule is cost-effective in view of the problems of 
age-reporting and poor completion of enumeration in the young 
ages which are likely to undermine the advantages of the 
technique, is questionable. Another solution could also be to 
list children in a household immediately after the mother. 

28. A serious assumption in the original focmulation to 
estimate infant and childhood mortality from information on 
children ever-born! children dead is that of constant 
mortality. The bias introduced by the violation of the 
assumption i.e. declining death rates over the period before 
the census or survey has been investigated by Kraly and Norris 
(1978), Sullivan and Udofia (1979) and Palloni (1979, 1980). 
Under the assumption that child mortality changes regularly 
over time, model calculations showed that the derived 
probabilities of dying from proportion dead among children ever 
born closely approximate the period life table for a particular 
point in time prior to the surveyor census. This observation 
was noted regardless of the pace of mortali.ty change. 
Feeney ( 1980) was the first t.o use this relationship to provide 
a table which will help investigators to estimat.e infant 
mortality rates to each proportioQ dead by age of woman and the 
time to which these estimated infant mortality rates refer. 
Since t.he tables were given for the Brass general standard, it 
was not flexible enough to accommodate varying patterns of 
mortality. Coale and Trussell (1978) also developed a 
procedure for estimating the time location of each of the 
jqo estimated from children ever born and children dead. 
In this paper the variant given in Manual X, will be used 
because of its Simplicity in its application and its capability 
to be used for varying patterns of mortalit.y. Its formulation 
is: 

t(j) = ~(i) + b(l) (PARI) + C(i)(PAR2) 

where t(j) is the nUmber of years before the census or survey 
to which q(j) the period life table with q(j) as probability of 
dying was operational, ~(i), h(i) and CIi) ace coeffiCients 
provided for each age group indexed by i-I (15-19), i=2 
(20-24), etc, and PARI and PAR2 are as defined earlier. 



- 108 -

29. The Brass procedure for estimting child mortality is 
vulnerable to gross errOIS in age reporting and differential 
reporting of dead and surviving children. In order to improve 
the quality of data on children ever born and children dead, 
the earlier formulation of the census question ie. How many 
children have you born? How many are now living WaS changed 
to: Of the number of children ever born to you, how many are 
living with you now? How many are living elsewhere? How many 
are dead? An addition of the three gave the number of children 
ever born unlike in the previous census/surveys which asked the 
total childrn ever born. 

30. In censuses and surveys, two types of errors are easily 
noticed. In the first case a number of women of zero parity in 
the young age groups are misclassified as women whose parity is 
not stated because enumerators sometimes equate a blank for a 
zero. The problem is serious for the younger women. Depending 
on the numl>er involved, the mean parities will either be 
increased (if excluded) or decreased (if included) thereby 
biasing the multipliers. In such situations, the E1-Badry 
(1961) correction factor should be applied before computing the 
multipliers. 

31. The other obvious error is the effect of omission of dead 
children mostly those who died shortly after birth in the past 
by old women. Observation of mean parities by age of women 
usually increases by age upto about age 40 but abruptly 
declines thereafter indicating either recall lapse or 
selectivity or both. 

32. What ever may be the reason, it affects the estima.t.ed 
mortality rat.s. For this reason, it is often suggested that 
the experience of young women should only be utilised. 
Unfortunately, the age group 15-29 in Africa is affected by 
gross age errors. If age errors were random, it is unlikely 
they would bias the estimated childmortality rates seriously 
because multipliers developed for non-conventional age-groups 
could be used after grouping the data in appropriate ages. 
otherwise, the direction and magnitude of the error will depend 
on the direction and magnitude of the pattern of reporting. 
The effect of age errors will enter the computation through 
PARI and PAR2 ratios as well as through the reported 
proportions of children dead by age of mother. It is possible 
that some of the errors cancel out. 

33. The development of the Brass-type technique of estimating 
infant and child mortality assumes that child mortality risks 
do not vary by age of mother. Lack of data have hampered the 
assessment of such assumption in Africa, nevertheless practical 
experience shows that mortality estimates based on reports of 
women aged 15-19 and sOlMtimes 20-24 are usually out of line 
with the other estimates (usually on the high side). Among the 
reasons given are that these group of women are selective (i.e. 
the women marry young and are of low socio-economic status) or 
suffer from differential mortality by birth order (higher 
amongst first born). 

~----------------------------!I~' 
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34. Mothers in old ages are likely to be non-representative 
of their birth cohorts if the mortality situation has been high 
for them. The child mortality experience of mothers who are 
dead and tbos~ alive might not be the same. Infact the 
children of dead mothers might be subjected to higher mortality 
risks than those whose mothers were alive at the time of the 
survey. 

Survival of IU08t recent live birth 

35. In Censuses and Sample Surveys, data of each woman's most 
recent live birth or sometimes questions as to whether a birth 
occured in the 12 months preceding the survey is asked for 
current fertility estimation. In the same schedule a question 
on the survival status of the child is also included. From 
such data, estimation of recent child mortality can be made. 
In addition, if the data are tabulated by age of women, child 
mortality differentials by age of mother could be potentially 
st.udied which is not possible from data on children ever born 
and children dead. 

36. In this technique, the proportion surv~v~ng among births 
in the 12 months preceeding the survey would provide an 
estimate of LIO,I)/IIO), where LIO,l) is the 
persons-yeats-lived under age 1 for a radix of 1(0) Z 1.00. 
Implied levels of mortality and expectation of life can be 
estimated once the pattern of mortality is determined. The 
technique is inherently sen3itive to the pattern of mortality 
used. 

31. In the 1976 Census of SWaziland the resident African 
women 15 years and over were asked to state the number of 
children born to them in the 12 months preceeding the census 
and to indicate whether the child was alive or dead by the time 
of the census. Table 3.4, demonstrates how such data can be 
used to estimate the level of mortality once the pattern of 
mortality is known. 

Step One 

Let B(i) and S(l) represent tbe number of babies born and 
those surviving among them in the last 12 months preceeding the 
census or survey to women aged i at the time of census or 
survey. These are the figures in column 2 and 3 respectively 
in Table 3.4 

For each i, calculate the proportion surviving, PS(i}, as 
S(il 

PS(i) = 
B(i} 

For i Z 5, the 1976 Swaziland data recorded B(5) = 2059; S(5) - 1862 

and therefore 
1862 

PS(S) = 0.904 
2059 
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Using the same procedure, the column 4 was computed from 
columns 2 and 3. These proportion surviving are similar to the 
ratio of person-years lived under age 1 to the radix in a life 
table i.e., LIO,I)/IIO). For each ratiO, therefore, an 
estimate of the level of mortality implied by each figure can 
be determined by a process of matching. However, in this case 
the matching cannot be directly effected because the 
proportions surviving are for both sexes and the life table 
ratios are for single sex. To make computation easier, two 
levels can be estimated, one based on male life table and 
another on females and the result combined by an assumed sex 
ratio. The correct procedure should have been to generate 
L(O,I) for males and females combined and the level determined 
by matching. The earlier one, though crude, will be 
satisfactory for our purpose. The estimated levels are given 
in column 6. 

38. Table 3.4 shows that babies born to old women experience 
heavier mortality as compared to those in the age group 20-34. 
Though slightly better, the youngest women also appear to 
experience higher infant mortality than those for the 20-34 age 
group. Whether this is an indication of higher risks of 
mortality of single parity young women as well as higher order 
parities of old women, is difficult to assess because data on 
births in the last 12 months are usually under reported and 
certainly those who died will more frequently be omitted than 
the surviving ones. Infact, with a population of 494,000, the 
reported births produce only a birth rate of about 41 which is 
low and indicates some omission of births. Indications are 
that omission of births that occur in a speci,fied reference 
period are not invariant by age. Therefore, the differential 
in implied mortality rates between the older age groups as 
compared to those depicted by age group 20-34 might be 
explained by age misstatement errors and differential 
perception in the 12 months period. Apart from problems of 
errors, the method also suffers from selectivity. In 
situations where the birth and instantaneous death of a baby 
occur at the beginning of the year followed by subsequent 
pregnancy, and another birth in the same year, the earlier 
event will escape recording and thus bias the estiT~~~. 

39. Generally, an over all level of mortality of 11.8 in the 
North family of Coale-Demeny set was found to be consistent 
with the implied level estimated from indirect techniques using 
the Trussell variant (Kabuza, 1981). 

_______________________________________ ''''11_' 



Table 3.4 

Age Group 

x-x+4 

1 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

Total 

*Source: 
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Estimation of MOrtality from Survival status 
of Births in the Last 12 Months swaziland 1976 

Age 
Index 

i 

2 

1 

2 

3 

4 

5 

6 

7 

Birth Last 
12 Months 

B(i) " 

3 

3322 

5866 

4749 

2876 

2059 

873 

481 

20226 

Those 
surviving 

S(1)* 

4 

3014 

5382 

4377 

2654 

1862 

783 

421 

18493 

Proportion 
Surviving 

psI 1) 

5 

0.907 

0.917 

0.922 

0.923 

0.904 

0.897 

0.815 

0.914 

Corres
ponding 
Level 

6 

11.0 

12.1 

12.7 

12.9 

10.6 

7.8 

11.8 

Mabuza, S.E. ·Some Aspects of Mortality in swaziland· 
Unpublished M.A. Thesis, held by the University of 
Ghana, Legon, 1981, p.49. 

Child survival data from fertility history 

40. The World Fertility Survey (WFS) has introduced a 
significant improvement in the art of fertility data 
collection. lts schedUle contains a fertilty history that 
collects the date of birth of each child and the date of death 
of each child that bas died by the survey date. Such 
information makes itself amenable to the measu.rement of 
mortality using the life table technique. One advantage of such 
data is that they help investigators to calculate probabilities 
of dying that do not require reference tables (models). In 
addition, studies can be made for birth cohorts, time periods, 
as well as studies by birth order, etc. The process of 
computation is given in a Technical Bulletin of tbe WFS 
(Smith,1980). , .. brief description of the technique as applied 
to all children of women 15-49 is given in Table 3.5. 

41. Since the aim is to estimate infant and child mortality, 
all children born to women 15'-49 are grouped into two, ie. those 
who died and those who are alive. 
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Let x = age in years; n = width of intervals in years. 
nDx = number of children dead between age x-x+n years 
nAx = number of children alive at the time of survey 

and who are aged x-x+n years. 
w = the highest age of the 91dest child. 

42. The number of children who start age x aliVe will be given 

w 
by = 1: (nDi + nAil 

i=x 

In the absence of death, each of these people will live a 
duration of life equal to the size of the interval, n. All of 
them will thus live w 

n. l:. (nDi + nAil 
l=x 

43. But since some of them would have died in the interval and 
others were born in the interval, their contribution to the 
total person years lived will be shorter than n. Therefore the 
total person years lived will be estimated as 

w 
nEx s n L (nDi+nAi)- n/2[(nQx+nAx)] (6) 

i-x 

In equation 6, an assumption is made that those who died and thOSe 
who are still alive but did not yet complete the age interval x to 
x+n are uniformly distributed. Once the person years-lived are 
estimated, the central death rates are computed by 

(7) 

The death rates can then be converted into probability of dying from 
age x to x+n, nqx1 by the relation 

(8) 

The relationship given in equation (8) represents an approximation; 
It is based on the assumption that the life table survivalship 
function, lex), is linear between ages x and x+n. Though the 
assumption is not correct, its effects can be reduced by considering 
shorter age intervals especially in age group 0-1. Nee-natal and 
post-neo-natal mortality rates can also be studied by splitting the 
0-1 interval to under one month and one month to eleven months using 
the same method. The nqx can then be converted into probability 
of surviving from age x to x+n, by the relationships 

1(x+n) = (l-nqx)l(X) (10) 
for a radix of 1(0) = 1. 

-------------------------------------11·-' 



Table 3.5 Illustration of the Calculation of Time Lived, Mortality Rates and survival 
Probabilities, by Age Nigeria 1981-82 Fertility Survey 

Age Age Length Deaths Living Number Time Annual Probability Survival Probability 
Group Index of in at of People Lived Mortal1ty of Dying to Age of Dying 

Interval Interval Time Who Rates Between Between 
1 in Years of started Age x and x Birth and 

x-x+n Survey Interval nEx nMx x+n, lx x, x'io 
D1 and age i Alive in nqx 

i (01+Sil Years 
1 2 3 4 5 6 7 8 9 10 11 

0-1/12 1 1/12 1462 84 29989 2435 0.6004 0.0244 1.000 0.0244 .... ,... 
w 

1/12-1 2 11/12 1422 1621 28443 24618 0.0516 0.0257 0.9756 0.0495 

1 - 2 3 1 957 1605 25400 24119 0.0391 0.0195 0.9505 0.0680 

2 - 5 4 3 1049 5103 22838 59286 0.0117 0.0259 0.9320 0.0821 

5+ 5 449 16231 16686 x x 0.9079 
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Problems With Fertility History Data 

44. The problem with fertility history data as a source of 
mortality estimation arises from a conflict between the need to 
measure mortality which requires a large sample and the need 
for a careful field control, which can only effectively be done 
on a small-scale. For mortality studies, large sample sizes 
are required because deaths are usually rare events compared to 
births. So, samples intended to measure fertility are unlikely 
to give enough cases to study mortality. Besides, fertility 
history data suffer from truncation which complicates their 
interpretation. For instance, computation of the level of 
mortality some 15 years before the survey would only be based 
on the experience of women under 35 years then because the 
fertility history data limited its questions only to those 
under 50 years of age. Besides, it is the mortality experience 
of those whose mothers were alive that the estimates will be 
based on. The other problems which are specific to these type 
of data are omission and misplacement of dates of birth and 
death. Potter (l977) and Brass (1977) amongst others have 
identified systematic biases arising from respondents' over or 
under-estimation of the length of time per iods either quite 
close or quite remote from the date of survey. The effect of 
the latter will be mainly to distort the trend or give a wrong 
impression of a trend even where there is none, the former 
affects the level of mortal:i.ty. Evidence exists that women 
omit living children. It is therefore most likely that the 
same women will omit dead children even more than the living in 
the reporting of the dead children. The problem of omission 
increases with age of mother. 

45. Another problem whose effect has not been studied 
carefully, at least in the Af(ican context, is the effect of 
i~putation of the dates of birth and death of children of 
mothers whQ are ignorant about the exact dates of birth and 
death of their various childre... In situations where birth 
certificates, weighing cards, etc are not issued to the 
children at birth it will be too much to expect the month and 
year of birth of the dead and living children especially of 
those events that occured long time in the past to be 
remembered by the mothers. 

Inter Survey MOrtality Bsttaation USing Hypothetical Coborts 

46. one other method tbat will be used to estimate mortality 
levels for those countries that have collected data on children 
ever born and children surviving Or dead from two censuses 
and/or surveys separated by five or ten years is that of 
Zlotnik and lIill (1981). The method helps to determine the 
level of mortality of the interval between two censuses and/or 
surveys. After calculating the average number of children ever 
born and children dead by age group of women for the two 
periods, cohort changes are obtained by subtracting the initial 
values for each. cohort from the final values of the same 

____________________________________________________ ~I-i 
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cohorts (Zlotnik and Hill, 1981 ). The assulI\ptions under lying 
the technique are that fertility 1s not changing fast and that 
the female population aged 15-19 is sectionally cloeed. In 
addition, it is assumed tbat the cOlI\pletness of reporting of 
births and deatbs in botb censuses and/or surveys were similar 
and that ages were reported to tbe same degree of accuracy. 

47. Por data given at two points of time, tbe tecbnique is to 
generate a mean number of children ever born and cbildren dead 
for a bypotbetical cobort wbicb is assumed to be exposed to tbe 
inter-survey vital rates. Tbe parities and the mean number of 
cbildren dead are calculated by cUlllulating the cobort 
inter-survey increments by age. Specifically, 

48. Let Pl(i), P2(i) and Ph(i} be tbe mean number of cbildren 
ever born to age group i, in the first, second cenSUses 
(surveys) and bypothetical cobort respectively. Again let, 
01(1), 02(i} and Oh(1} be the mean number of children dead to 
tbe same age group and for the same populations. Tbe mean 
number of children ever born to the hypothetical cobort will be 
defined as: 

P2(i} for i 5 1,2 
Ph(i) 

Pb(i-2} + [p2(1} - Pl(i-2») for 3 ~ i ~ 7 

S1milarly, tbe mean number of cbildren dead to tbe bypotbetical 
cobort is defined as 

Oh( i) 
\ 02(1) for i • 1,2 

= ~ Ob(1-2) + 02(i) - 01(i-2) for 3 ~ 1 ~ 7 

Once tbe mean parities and tbe mean number of cbildren ever 
born for the hypothetical cohort· are calculated the proportion 
dead are estimated and the Trussell variant applied. 

* The above equations are valid for ten year intercensal interval. 
For five year interval, tbe equation is 

t P2(i) for i-I 
FhU) = 

Ph(i-l) + [F2(i) - Pl(i-l)] for 2 ~ 1 ~ 1 
Ob(l) will also be similarly modified. 
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Application of the Zlotnik and Hill Method to Kenya Data 

49. The data required consists of mean pari tilts and average 
number of children dead by age of women for two points in time 
preferably separated by five or ten years. 

50. In both the 1969 and 1979 censuses of Kenya, data on the 
survival status of children ever born to women in the 
reproductive ages were collected. The technique by Zlotnik and 
Hill will be used to estimate the level of infant and child 
mortality for the inter censal period. 

51. From Table 3.6, figures in columns 2, and 3 are the mean 
number of children ever born and the mean number of children 
dead for 1969 and those for 1979 are given in columns 4 and 5. 

If PIU), DIU), P2U), D2(1), Ph(iJ and Dh(i) are as defined 
above 

PhIl) - P2(1)-0.3206; Ph{21=P2(2)-1.8529; Dh(1)=D2(1)-O.0372 
and Dh(2)-D2{2)-0.2316.< 

For i-4, Ph(4) - Ph(2)+P2(4)-Pl(2) - 1.8529+(5.3881-1.3705) 
- 1.8529+4.0116 - 5.8705 

Dh(4) • Dh(2)+D2(4)-Dl(2) - 0.2316+(0.8944-0.2008) 
• 0.2316+0.6936 = 0.9252. 

Similarly, the mean parities and mean children dead were 
estimated for the hypothetical cohort and the fiqures inserted 
in column Ii and 7. The proportion dead for the hypothetical 
cohort are then computed as in the example for 1919 above. 
From the mean parities of hypothetical cohorts, PARI and PAR2 
are also calculated and the multipliers determined in the same 
way as in the case of the actual population. The results are 
provided in column 9. The product of the fiqures in column 8 
and 9 are shown in column 11 which are the probabilities of 
dying before exact ages 1,2,3,5, ..... 20 in the intersurvey 
period. The probabilities of surviving from birth to exact 
ages and the correspondinq levels in the North Model life table 
of Coale and Demeny are given in the last two columns. 

52. The figures indicate that Kenya had a level of mortality 
of about 15 in the period 1969 to 1919. This implies an 
expectation of life at birth of 5" years for females and 51.5 
for 'males. As expected, the lqo implied level indicated much 
heavier mortality than the others. The 2Qo implied mortality 
was also slightly out of place than the others though not as 
bad as the lqo. Apart from these two, one other feature 
worth noting is the alternating nature of the estimated levels 
- the age groups starting in digit five implying a higher level 
than those starting with digit zero. The fluctuation is likely 

__________ --__ ------------1'-" 



Table 3.6 Application of Uotnik and Hill Method to Estimate Inter-Census Infant 
and Child Mortality - Kenya 1969-1979 

Mean Number of Mean Number of Mean Number of Proportion 'l'rus- Index proba- Probabi- corres-
Age Children Ever Children Ever Children liver Dead for sell to bility lity of ponding 

Group Born and Chil- Born and Dead Born and Dead to Hypothe- Multi- Which of Dying Surviing Levels 
dren Dead for for 1979 Hypothetical tical pliers proba- jqo to Exact 
for 1969 Cohort Cohort M(j) bility Age j 

of dying 
refers, 

p1!;!.1 DIll) P21i! D2!il Ph!11 Dh!il dh!i! j 
1 2 3 " 5 6 7 8 9 10 11 12 13 

15-19 0.2357 0.0301 0.3206 0.0372 0.3206 0.0372 0.116 1.0270 1 0.119 0.881 12.6 f"' ... 
'" 20-24 1.3705 0.2008 1.8529 0.2316 1.8529 0.2316 0.125 0.9841 2 0.123 0.871 14.6 

25-29 2.8468 0.4945 3.6521 0.5149 3.737 0.5220 0.140 0.9400 3 0.132 0.868 15.0 

30-34 4.2090 0.8515 5.3881 0.8944 5.8705 0.9252 0.158 0.9767 5 0.154 0.846 14.8 

35-39. 5.3354 1.2319 6.4703 1.1970 7.3605 1.2245 0.166 1.0395 10 0.154 0.827 15.1 

40-44 6.1091 1.6061 7.0215 1.5237 8.683 1.5974 0.184 1.0265 15 0.189 0.811 14.9 

45-49 6.5487 1.9882 7.1135 1.8149 9.1986 1.8015 0.196 1.0082 20 0.198 0.802 15.2 
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to be a reflection of the nature of age misstatement or an 
ettor carried over from the age groups 15-19 and 20-24 which 
form the base for the generation of the hypothetical average 
number of children ever born and children dead for those above 
age 25. 

53. Further, it is evident from the comparison of the 
estimates based on the zlotnik and Bill method and the Trussell 
methods based on one census of 1919, that except for the 
results of the first age groups ie., 15-19 and 20-29, the 
Zlotnik and Bill method implied a lower mortality than the one 
census method because the implied levels_refer to the mid-point 
of the inter-censal interval, 1e. 1974, while the 1979 results 
refer to various dates prior to the census which are indicated 
in column 13, Table 3.:1. The results are consistent with the 
claim that mortality has been on the decline in Kenya since 
middle of the 1960s. 

54. The utility of this technique will be 
censuses are not separated by five or ten years 
case in most sUb-saharan African countries. 

limited where 
as has been the 

55. Estimating inter-s~y mortality rates based on two 
dates separated by f!'\le or ten years can serve a number of 
purposes. In the first instance it can provide a sensitive 
check on the consistency of the two sets of data. Scondly, it 
can also help avoid or reduce the effect of declining fertility 
on the estimated child mortality rates (U.N., 1983). Since the 
mean parities and mean children dead for the hypothetical 
population beyond age 20 or 25 are generated by cumulating'the 
experience of those aged 15-19 and/or 20-24 in the second 
census or survey, the errors or biases in the two groups are 
carried over alternatively in all the age groups. In view of 
the fact that usually women aged 15-19 and 20-24 indicate 
highee than average mortality experience, the jqo for all 
j,,3 will be subject to these biases. Enors brought in by 
younger cohorts may also bias the estimates based on inter 
survey method for women 25 years and over. 

Other Methods 

56. Various other methods of estimating infant and child 
mortality under varying assumptions are available. These are 
by Kraly and Norris (1978), preston and Palloni (1978), Palloni 
(1980) and Peeney (1980). Most of these have not been 
evaluated under African situations. NeVertheless, most of the 
indirect techniques give similar results (Hill, 1984) and 
therefore no attempt is made to either evaluate them or apply 
them here. For those who are interested to read about the 
techniques, a concise description of each of these techniques 
with illustration is given by Venkatacharya (Forthcoming). For 
further aditional information readers can refer to the authors' 
original papers as well. 

------------------------"'11-"' 
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Adult Mortality 

57. The most direct method of estimating mortality is from 
data on deaths in vital registration systems. Unfortunately 
such a system is generally faulty and inadequate. In tne 
absence of such data, questions on deaths in a household in the 
year preceeding a surveyor census would nave provided the 
necessary information for the estimation of adult mortality. 
Infact, in the early African censuses and sample surveys such 
data were collected. However, experience on asking direct 
questions on deaths of people in a specified reference per iod 
were useless because they usually give extremely very low 
mortality rates. In fact, most censuses have dropped including 
the question on deaths in the 12 months preceeding the census 
or survey for sometime now. Some of the reasons alluded for 
gross omission of the deceased in a given reference per iod 
preceding the census/survey are: failure on the part of heads 
of households to delimit clearly the reference period, 
dissolution or reformation of households after the death of an 
older adult, the unpalatability of the event, etc. Recently, 
however, various methods of correcting for under enumeration of 
deaths have been developed based on various assumptions. The 
methods are the Brass growth balance method (Brass, 1975), the 
Preston-Coale death distribution method (Preston et al., 1980), 
the courbage-Fargues (1979) method, the preston and Hill(1980) 
method, and the Bennett and Horuichi (1981) methods. The paper 
will discuss the Brass growth balance and the Preston and Coale 
methods. For a review of all the other techniques, readers are 
advised to refer to an article by preston (1984) on "Use of 
Direct and Indirect Techniques for Estimating the Completeness 
of Death Registration Systems". 

Direct Methods of Estimating Adult Mortality 

Brass Growth Baltpce Method 

58. In a closed population where the data on age and death 
distribution are correctly recorded 

N(x) ; r(x+).N(x+) + D(x+) (10) 

where N(x) is the number of people at age x, r(x+) is the rate 
of growth of the population aged x and over, N(x+) and D(x+) 
are the population and the deaths in the population aged x and 
OVer. Dividing both sides of equation (10) by N(x+) gives 

N(x) D(x+) 
------ = r(x+) + 
N(x+) N(x+) 

In a stable situation, the rate of growth does not vary from age to 
age and since Brass assumes stability to derive his equation, the 
r(x+)is replaced by r and the equation becomes: 

N(x) D(X+) 
= r + ( 11) 

N(x+) Nt y+ \ 
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If registered or reported deaths represent a constant proportion 
of true deaths at eacb age, 
ie., D'(x+) ~ c.n(x+) (12) 
D' (x+) is the reported number of deaths to people x years and 
over; D(X+) is the true number of deaths to the same category of 
people and C is, the degree of completeness of death recording. 
substituting (12) into (11) gives: 

N(x) 1 D' (x+) 
r + (13) 

N( x+) C N(x+) 

Equation (13) is a straight line where the intercept is the 
rate of growth and the slope is the reciprocal of the 
completeness of death registration. The values of rand C can 
be estimated by a number of methods such as the group mean 
method, least squares method, etc., but before applying these 
methodS the N(x)'s would have to be estimated. Though, again, 
there are a number of ways of obtaining the values of N(x) , a 
simple but effective method 101111 be to use the formula: 

N(X) ; [N(x-5,x-ll + N(x,x+4)J/lO ( 14) 

Taking 
pOints 
studied. 

v ; D'(x+}/N(X+) and Ii = N(x)/N(x+), a plot of the 
(V,Ii) can be made on a graph paper and the scatter 

The linear fitting can then be made after the 
outliers are discarded. 

59. After the reciprocal of the slope of equation (13) is 
estimated, adjuted age specific death rates can be computed by 
inflating the observed deaths by a factor of C. 

60. Table 3.7 shows the application of this method to 1961 
Tanzanian census data (Mainland) where the number of deaths in 
the 12 months preceeding the census were collected. 

61. Columns 2 and 3 give respectively the age distribution of 
females and the number of female deaths to each age group in 
the year preceeding the census. Let these be denoted by N( x, 
x+4} and D(X, x+4) for any age group x to x+4. Column 4 gives 
the estimated populations at exact age x using equation (14). 

For example, N(lO,14) = 579354; N(15,19) = 558899 and hence 
N(15) = (579354 + 558899)/1Q = 113825 

The estimated population at exact ages are entered in Column 4. 
Columns 5 and 6 are cumulated populations and deaths from the 
oldest to the youngest respectively and are denoted by~N(x+) 

and D(x+). For x c 60+, 

i 
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N(60+) = N(60,64)+N(65,691+N(70,14)+N(1S+) 
= 111865 + 72191 + 60153 + 179961 = 424710 

D(60+) = D(60,64)+D(65,691+D(10,14)+D(75+) 
= 1986 + 1044 + 1704 + 5979 = 10113. 

The "birth day' rates and the death rates to age x and over are 
then calculated using: 

N(X)/N(X+) and D(x+)/N(X+) and the results entered 
in columns 7 and 8. 

Por exaaple, for x = 60, R(60) a (100492 + 111865)/10 = 21236 
Therefore, since N(60+) and D(60+) are estimated above, the 
"birth day' rate = N(60)/N(60+) = 21236/424770 - 0.050 and the 
death rate to those 60 years and over = D(60+)/R(60+) = 
10713/424770 • 0.022. 

The aet of ratios given for 5 ~ x ~ 70 can then be plotted on a 
graph and the scatter studied in order to purge the outliers. 
A atraight line curve of the form V = a+bV with the ratios 
D(x+)/N(x+) and N(x)/N(x+) forming the V- and W- coordinates is 
fitted. As mentioned earlier, a number of curve fitting 
procedures can be used but here the group mean method was 
prefered because it 1a less sensitive to errors at the 
extremes. The entire age range is divided into three groups; 
the first group contains ages 5 to 29, the second, ageas 30 to 
49 and the third, agea 50 to 74. 

62. The straight line was fitted on the mean points of the 
first and last groups. If (VI, VI) and (V2, V2) are the 
mid-points of the two groups, the slope is estimated as: 

(Slope) = IV2-VI)/IV2-VI) and 
Intercept = V2 - V2.(Slope). 

For Tanzania 1967, Vl .. {0.009+0.009+0.009+0.009+0.01)/5 
.. 0.0092 

V2 - (0.019+0.022+0.0250+0.028+0.032)/5 
= 0.0252 

Vl = (0.040+0.037+0.032+0.037+0.045)/5 
.. 0.0382 

V2 = (0.057+0.053+0.050+0.059+0.055)/5 
.. 0.0548 

Slope = (0.0548 - 0.0382)/(0.0252 - 0.0092) 
.. 1.0375 

Intercept = 0.0548 - 1.0375 x 0.0252 = 0.0287 

I 
The degree of completeness = --- = 

Slope 

the rate of growth .. 2.87,. 

1 
= 0.96 and 

1.0375 

The results indicate that 96% of the deaths in the 12 months 
preceeding the census were reported. This is quite high but 
appears to be reasonable considering that the implied rate of 



Table 3.7 Application of the Brass Growth Balance Method to Tanzania n(Main1and) 
Females, 1961 Census Age Distribution and Reported Deaths in the 12 Months 
Preceeding the Census 

AGE REPORTED FEMALE Population Cuw1ated RATIO OF 
GROUP Population Deaths at Exact Population Deaths N(x) D( x+) 
x-x+4 Age x, N(x+) N{x+) 

Nl x! N\X+! D!X+! 
1 2 3 4 5 6 7 8 

0-4 1082729 18481 6113856 124137 
5-9 937761 10780 202049 5031121 46256 0.040 0.009 

10-14 579354 4610 151712 4093366 35476 0.037 0.009 
15-19 558899 3928 113825 3514012 30866 0.032 0.009 
20-24 528402 3499 108730 2955113 26938 0.037 0.009 
25-29 556966 3067 108537 2426711 23439 0.045 0.010 
30-34 387987 2127 94495 1869745 20372 0.051 0.011 I-' 

'" 35-39 326671 1568 71466 1461758 18:.145 0.048 O.OU "" 
40-44 :.126752 2053 55342 1155087 16671 0.048 0.014 
45-49 226845 1313 45358 928335 14624 0.049 0.016 
50-54 176228 1597 40307 701490 13311 0.057 0.019 
55-59 100492 1001 27672 525262 11714 0.053 0.022 
60-64 111865 1986 21236 424770 10713 0.050 0.025 
65-69 7:un 1044 18406 312905 8727 0.059 0.028 
70-74 60753 1704 13296 240714 7683 0.055 0.032 

75+ 179961 5979 179901 5979 
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increase was 2.87% which is consistent with the estimated rate' 
of growth for that time. The analysis of the 1967 census data 
on fertility and infant and child mortality indicated a rate of 
growth of 2.6-2.7% for the 1957 to 1967 period. However, since 
the technique is sensitive to the method of fitting and the age 
range of fitting, the estimates of the degree of completeness 
and the rate of growth may be in error. Once the degree of 
completeness is estimated, the actual number of deaths by age 
are estimated by dividing the reported deaths by age by the 
degree of completeness i.e. O(x,x+4) = D'(x,x+4)/C. For 
Tanzania deaths in each age group should be divided by 0.96 
before age specific death rates are calculated for the 
construction of a life table. TO show the degree of 
arbitrariness in the method, the group mean method was applied 
to the age range 15-64 with 15-39 and 40-64 as the two groups. 
The fitting gave a slope of 0.978 and a rate of growth of 
3.26%. The implication is that deatbs were more than complete 
by 2% which seems ridiculous unless we assume that deaths that 
occured more than 12 months period were also included in the 
reports. It is worth noting that, fitting should avoid the age 
range that are affected by net migration. 

63. The Brass growth balance method suffers from some basic 
problems. In the first instance the choice of the age range 
for fitting seriously affects the method. Discarding outlying 
point introduces an unnecessary arbitrariness. However, 
avoiding these pOints is also necessary if one wants to avoid a 
rtdiculous result. Another problem with the technique is 
age-misstatement. Exaggeration of age by the dead more than 
the living will increase the segmented death rate which in turn 
will increase the estimate of C. The method is also sensitive 
to the \liolations of the assumption of stability. The effect 
of declining fertility in sub-saharan African countries might 
not be \lery serious because changes in fertility are assumed to 
be slow and perhaps it is- likely that fertility changes must 
have taken place not for a long time in most of these 
countries. But, in areas where fertility has changed 
drastically, dramatic effects on the age distribution will bias 
the estimatic;/1 of the degree of completeness. In those 
countries where the destabilization has started gradually and 
not long ago, the initial age at which estimation begins can be 
chosen in such a way that it avo ides coborts tbat have been 
reduced in size by fertility decline. Declining mortality, 
which most African countries have been going through, leads to 
increasing rates of growth by age which in turn increases the 
slope but reduces the completeness. 

Preston-Coale death distribution metbod 

64. In this method, the degree of completeness of death 
recording/reporting, C, is measured as 

w w 
C = r. N' (x,xH)/.E N(x,x+4) (14) 

x=a x=a 
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where N' (x,x+4) is the estimateij population based on reported 
deaths and N( x, x+4) is the enumerated population in the age 
group x to x+4. The rationale of this method is that in a 
stable population, the number of deaths that will occur in a 
cohort aged a in the future is related to current distribution 
by age after the appropriate inflation has been made for the 
differences in their cohort sizes at birth. In other words, 
the number of people who died at age x this year is greater 
than those who died to the same age x, a year ago by, EXP(rx). 

65. In a stable situation, the annual number of births are 
assumed to incr"ease from year to year by an exponential growth 
law. For instance, this year's births will be larger than last 
year's by e r where r is the constant rate of growth. 
Similarly, this years births will be larger than births t years 
ago by e rt • Since mortality is also constant from year to 
year, the number of deaths this year to those who are aged x 
will be smaller than the number of deaths to a cohort born 
t-years -later by e-rt • Therefore, the number of deaths to a 
population aged x now can be estimated from reported 
distribution of deaths by age. This is done by the equation 

N' (a) .. 
w 
l: D(j) exp(r(j-x)} 
j~a 

l15) 

where N'(a) is the estimated population at age al r is the rate 
of growth and D( j) is the number of deaths at age j and w the 
upper limit of age. In the" ~sence of errors, the estiuted 
N' (a) will be exactly the same as the actual or true N( a). A 
ratio of the estimated to the reported population, N'(a)!N(a), 
will" therefore give an estiaate of the degree of completeness. 

66. The estimated five years age group populations can be 
determined by using 

N'(X,x+4)" 2.5.(N'(x)+N(x+5)} ( 16) 

Once the five year age groups are estimated, the degree of 
completeness can also be estimated as 

c .. w t: N'(j,j+5)/ 
J"x 

w 
L. N( j, j+5) 
j=x 

( 17) 

This is a comparison of the populations age x and over in the 
estimated and reported groups: By varying the value of j, a 
series of estimates can be deterlllined and a median or a mean 
selected. 

__________________ · __________ --t1-
1
' 
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61. In the preston and Coale method, the estimation of H'(j) 
for the open ended age group gives a p~oblem. TO estimate tbis 
population with ease, tbe Manual X has given a table of 
coefficient.. The coefUciente which are reproduced in Table 
3.8 are given for tbe four patterns of mortality of Coale and 
Delll8ny (1966) for estilllllting the length of time for the open 
interval I(A) such that 

D(A+)Exp(r.Z(A)) - L nlj)Exp(r(j-A)) 
j-A 

(18) 

It is based on the ratio of deaths over age 45 to deaths over 
age 10 and the population growtb rate. The estimating equation 
i. 

I(A) - a(A)+b(A).r+c(A)Exp(D(45+)!D(10+») (19) 

The values of A range from 45 to 85 in steps of 5. Once II(A) 
is estimated 

H'(A) = D(A+)Exp(r.Z{A) (20) 

Once the population at the lower boundery of the open age 
interval, H I (A), is estilllllted using equation (20), a recurs! ve 
equation of the form, 

Hila) R N'(a+5).Exp(5r) + D(a,a+4).Exp(2.5r) (21) 

can be derived froll equation (lS) which will be useq in the 
computation of the estilllAted population for any age a, 0 ~ a:s A. 

ti8. One advantage of the lIetbod is the process of cumulation 
which will tend to lIIinimize the effect of age mi_statellent 
errors. The technique is however sensitive to the rate of 
growth. In general, sensitivity analysis of the prooedure on 
simulated data showed that the tecbnique is not robust to 
violations of the underlying assumptions though it is less 
sensitive than the Brass Growth balance method (Preston 1984). 
Infact, the Preston-Coale method produced errors less than half 
as large as the Brass procedure under declining mortality 
(Preston, 1984). 

69. Application of the technique to Tanzanian data is given 
in Table 3.9. The various steps to be followed are: 

Step 1: 

An assumption is made that the deaths and population 
refer to the same point of time when infact that is not the 
case. The deaths refer to the mid-point of the year preceding 
the census while the population distribution refers to the 
census night. Adjustment for six months difference is 
ignored. The rate of growth of the female population between 
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Table 3.8 Coefficients for Estimation of the Age Factor for the 
Open Interval, Z(A), From the Ratio of Deaths Over Age 
45 to Deaths over age 10 and the Population Growth Rate 

AGE 
A 
45 
50 
55 
60 
65 
70 
75 
80 
85 

alA) 
-1l.42 
-10.63 
- 9.78 
- 8.57 
- 6.83 
- 4.53 
- 1.91 

0.46 
1.82 

NOR T H 

b(A) 
185.2 
167.2 
147.8 
126.1 
101.6 

74.6 
47.1 
22.7 
6.4 

cIA) 
17 .02 
14.99 
12.96 
10.85 
8.62 
6.28 
3.98 
2.00 
0.67 

a(A) 
-15.87 
-15.14 
-13.97 
-12.10 
- 9.43 
- 6.07 
- 2.S2 

0.37 
1.19 

E AS T 

b(Al 
114.3 
156.5 
140.4 
118.8 

93.9 
66.5 
39.3 
16.8 

3.5 

CIA) 
18.06 
16.06 
13.93 
11.60 

9.05 
6.38 
3.81 
1.73 
0.48 

W E S ~' SOU T H 

45 -13.43 181.4 17.57 -15.26 183.4 
5U -12.49 163.6 15.49 -14.91 168.4 
55 -11.24 143.7 13.34 -14.22 lSI •• 
60 - 9.50 121.2 11.07 -12.89 130.8 
65 - 7.21 96.1 8.67 -10.67 106.4 
70 - 4.48 69.2 6.23 - 7.53 78.4 
75 - 1.64 42.9 3.91 - 3.84 48.8 
80 0.72 20.5 1.98 - 0.47 22.6 
85 2.03 5.9 0.70 1.47 5.6 

Source United Nations (Manual xl Indirect Techniques 
for Demographic Estimations. Population 
Studies, NO. 81. ST/ESA!SER.A/81. Pg. 134. 

18.23 
16.36 
14.38 
12.22 

9.80 
7.15 
4.47 
2.14 
0.63 

1957 and 1967 is considered to be 2.7%. Generally, for a 
country that has two censuses, the intercensal rate of growth 
can be estimated using the exponential rate of growth, ie., 

r=ln(N2/Nl lin 

where Nl and N2 are the 
previous and most recent 
interval in years. 

Step 2: 

total female 
censuses. n 

populations in the 
is the intercensal 

The number of people at exact age x are estimated 
using equations (19), (20) and (21). Using equation (19), the 
average length of time (A) over which reported deaths in the 
open interval need to be inflated by the growth rate inorder to 
give the number of people who are alive at the beginning of the 
lower boundary of the open interval is estimated. For Tanzania 
1967, the lower boundary of the open age interval, A, was 75 
years. 

_________________________________ .,-.•• 1'. 
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Z(75) .. a(75) + b(75).r + e(7J).B!P (0(45+)/D(10+) 
For Marth Hodel, Using Table 3.8, 

a(75) .. -1.91, b(75) .. 47.1 IIIId e(75) - 3.98 
Since from Table 3.9, colUl111l .. , O( 45+) - 1313 + '1597 + .... + 
1704 + 5979 .. 14624 and 0(10+) .. 4610 + 3928 + 3499+ ••• +1704 + 
5979 - 35476, 

z(15) .. 1.91+47.1(0.027) + 3.98.BXP (14624/35476) 
.. 5.31218 

Using equation (20), the estimated nllllber .of people at age 7S 
years equals, 

N'(75) .. 0(75+) EXP [r.I(15)) 
For 0(75+) = 5979 and r .. 0.021 

N'(7S) .. 5979 EXP (0.027X5.37218) .. 6912.3 

Values of M'(70), N'(65), N'(60), •••••• , N'{S) can be estimated 
Successively using the 'recursive equation (21). 
For eXllIIIp1e, for a ~ 70, 

• 
B'(70) .. B'(7S) Exp (5 x 0.027) + D(70, 74).Exp (2.5 X 0.027) 

.. 6912.3 x 1.14454 + 0(70,74) x 1.06983 

Since »(70,74) .. 1704, 

B'(70) .. 6912.3 x 1.14454 + 1704 x 1.06983 D 9734.4 

for a .. 65, 
B'(65) .. N'(70) x 1.14454 + D (65,69) x 1.06983 

.. 9734.4 x 1.14454 + 1044 x 1.06983 

SiIIIilar applicatiol\ of equation (21) to deaths in each age 
group in colUllln I gives the estimated female population at 
exact ages x and the results are entered in c01Ul1ln 4. 

Step 3: 

Female population for f1 ve year age groups are estimated 
using equation (16) 

For instance, for age group 5-9, 
N'(5,9) .. 2.5 (N'(S) + N'(IO») = 2.5 (134059.4 + 107053.4) = 

602782. 

Repeated similar application of the formula will give results 
shown in column 5. 

Prom the table, the estimated population for 0-4 and 75+ 
are not Shown. In the case of the 0-4 age group, estimation of 
N'(O,4) is avo idea because N'(O) depends on infant and child 
deaths which are usually subjected to a completeness of 
reporting/reqistration quite different from that of deaths at 
older ages. In the case of the open interval, estimation of 
N'(A+) will be subject to errors and thus, it is also avoided. 



Table 3.9 
An Illustrative Example of the Application of Preston-Coale Method of Estimating 

Completeness of Deaths, TanZania 1967 

Re1!!!rted Female Estimated Estimated Cumulated P02ulation Ratio of Estimated Estimated 
Age Popula- Deaths Population Poulation Reported Estimated 1II'\x1xH! 1II'(x-75 l popula- Popula-
Group tion D(x,x+4) at age x N(x,x+4) N(x-75) tion tion 
x-x+4 N(x,x+4) III' (x) 1II'(x,x+4) N(x,74) 1II'(x,74) for N(x,x+4) 

r z .027 Col.5 ! Col.7 ! -r= .03 for Col.11! 
Co1.2 - COl. 6 '" r-0.03 Col.2 

1 2 3 4 5 6 7 8 9 10 11 12 

0-4 1082729 78481 237397.2 264109·8 
5-9 937761 10780 134059.4 602782 4851166 3215180 0.643 0.663 155027.6 696150 0.742 

10-14 599354 4610 107053.4 490697 3913405 2612398 0.847 0.668 123432.4 563487 0.973 l-

15-19 558899 3928 89225.2 480778 3334051 2121701 0.731 0.636 101962.3 465195 0.832 • c 
20-24 528402 3499 74285.9 339800 2775152 1712923 0.643 0.617 84115.6 383171 0.725 
25-29 556966 3067 61634.1 281545 2246750 1373123 0.505 0.611 69152.8 3i4570 0.565 
30-34 387987 2127 50983.9 2U853 1689784 1091578 0.603 0.646 56675.0 258706 0.667 
35-39 326671 1568 42557.3 195681 1301797 857725 0.599 0.659 46807.3 214100 0.655 
40-44 226752 2053 35111.3 162513 975126 662038 0.717 0.679 38832.7 175879 0.776 
45-49 226845 1313 29287.8 133461 748374 499525 0.588 0.667 31519.0 143574 0.633 
50-54 176228 1597 24096.4 109143 521529 366064 0.619 0.702 25910.5 116826 0.663 
55-59 100492 1001 19560.7 89289 345301 256921 0.889 0.744 20819.8 94527 0.941 
60-64 111865 1986 16ls4.8 71033 244809 167632 0.635 0.685 16991.1 74432 0.665 
64-69 72191 1044 12258.3 54982 132944 96599 0.76 .. 0.727 12781.8 57036 0.790 
70-74 60753 1704 9734.4 41617 60753 41617 0.685 0.685 10032.9 42719 0.703 
75+ 179961 5979 6912.3 7054.4 
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Step 4: 

Columns 6 and 7 show respectively the reported and> 
estimated female populations cumulated from age x to age 74. 

Step 5: 

The ratios of the estimated female population to the 
reported population for five-year age groups, 
N'(x,x+4)/N(x,x+4), are shown in column 8, while column 9 shows 
the ratios of the estimated to the reported for age groups x to 
74, ie., N'(x,74)/N(x,74). 

For example, for x = 5 
N(5,9) • 937761 and N' (S,9) = 602782 
.'. C c 602782/937761 = 0.642 
N(5,74) = 4851166 and N'(5,74) = 3215180 
• C c 3215180/4851166 = 0.663 

Therefore, by diving column 5 by column 2 and column 7 by 
column 6 the estimates of the degree of death reporting are 
made and results entered in columns e and 9 respectively. 

70. From columns 8 and 9, it is clear that cumulation reduces 
the range of the estimates of the degree of completeness of 
death reporting by the two methods. However, if the median or 
the mean of the first nine figures is taken, the differences 
are minimal. Column 8 yields a mean of 0.653 and a median of 
0.643 while column 9 gives a mean of 0.650 and a median of 
0.659. In other words, the reported deaths would have to be 
inflated by about 50-55 per cent inorder to estimate the crude 
death rate or to construct an abridged life table. 

71. Inflating, the reported female deaths by say 52% will 
lead to a female crude birth rate of 57.5 per 1000 which 
appears to be on the higher side for Tanzania 1967. Apart from 
age and other content and coverage errors of the population, 
the technique is sensitive to the rate of growth assumed. 

72. To observe the effect of errors in estimating the rate of 
growth, the estimation of the female population was repeated 
for rate of growth of r • 0.03. The estimated female 
population for exact age X and for age group x to x+4 are given 
in columns 10 and 11 respectivcely. The computations are 
similar as in steps 2 and 3 described earlier. Column 12 
refers to the ratio of the estimated to the reported, ie., 
column 11 divided by column 2. 

73. From colUmn 12, the median of the first nine estimated 
degrees of completeness is 0.742. This implies that only 74, 
of the actual death were reported in the 1967 census. The 
implied female crude birth rate will be about 54 per thousand 
Which still appears to be on the high side. 
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Indirect Methods of Estimating Adult Mortality 

74. Other methods of estimating adult mortality indirectly 
are: 

II Intercensal survival ratios if there are more than one 
census 

21 orphanhood method, and 
3) Selecting the same level in a model life taDle system 

as that of childhood mortality. 

75. The third option is more of an assumption rather than an 
estimation technique. The first and second options will be 
discil/lsed in following sections. Under the first group of 
techniques are those that depend on the theory of stability as 
well as those that relax the stability assumption. In the 
former category, the Coale and Demeny age distribution and rate 
of growth or gross reproduction rate method (United Nations, 
1967), the Arriaga(1968), Coale-Boover(l9S81 and Stolnitz(1956) 
methods are those that assume stability. Among those that 
relax the stability assumption are the Preston-Bennette method 
(Preston and Bennett,19831, the Coale-Demeny projection and 
cumulation method (United Nations,l967) and the 
Carrier-Bobcraft methods (Carrier and Bobcraft,l971). 

76. In the 
(orphanhood) 
( widowhood). 
and Bill will 

second group are included the survival of parents 
as well as the survival status of first spouses 
Bere the orphanhood method as developed by Brass 
be discussed. 

Methods Based on Stability of Age Distribution 

77. In a closed population where age-specific fertility and 
mortality rates have remained C'onstant for an extended period, 
a population with an unchanging age structure will be formed. 
The age structure will be typical of the vital rates. In 
otherwords two population with different age distributions will 
eventually have the same age structure if the populations are 
subjected to the same regime of fertility and mortality (Lotka 
and Sharpe, 1911). such an age distribution will, among other 
things, have constant proportions at each age overtime, 
constant sex ratios and constant growth rates at all ages. 
Such a population is called a stable population. 

Mathematically, a stable population is represented by: 
e(x) " b e-rxl(x) (22) 

where e(x) is the proportion at exact age Xi b is the birth 
rate and l(x) is the survivors from birth to age x, from a 
radix of 1(0) " 1.0 

From the above equation, it follows that 

1 
b " --------

e-rxl(x) (23) 

and substituting this value of b in (18) gives 

I 



- 131 -

C(x) - ----------- ( 24) 

From equation (20), it is clear that there are three unknowns, 
the rate of growth r, the probability of survival from birth to 
age x, l{x), and the proportion of the population at age x. 
Given any two of these unknowns, the third parameter can be 
estimated. Here the aim will be to estimate a mortality index 
given an accurate age distribution and a rate of growth. The 
index of mortality to be estimated can be the crude death rate 
or the expectation of life at hirth. 

Coale aud Deaeny Bethod 

13. Censuses provide sex-age distribution of the population 
by single years or at least by five years of age. The 
application of the Coale-Demeny method requires an estimate of , 
the rate of growth before the census. Where the country had a 
previous census which gives at least the total population, an 
estimate of r can be made using either the geometric or 
exponential growth law for the intercensal period. In 
situations where net migration, territorial changes and/or 
under or over enumeration are suspected, the data will have to 
be adjusted before the calculations are made. 

79. The application of the coale-Demeny method involves the 
matching of a proportion of the population in an age group in 
one of the Model Stable populations that are generated for the 
four families of coale and Demeny tables for each level of 
mortality and for rates of growth ranging from -l.Ot to 5.0% in 
steps of 0.5t. 

80. Two problems arise in the application of the technique. 
The first one is the choice of the pattern of mortality and the 
other is the quality of age reporting. In the case of the 
former, the suggested solution will be to select population 
parameters that are inVariant with tile pattern of mortality. 
such indices are tile expectation of life at age 5 or age 10 
(United Nations, 1967). 

31. Intact tile proportion under 15 for both sexe~ and the 
rate of growth are expected to give an estimate ot expectation 
of life at age ten wllich is robust to tile choice of mortality 
pattern (Hill, 1964). The second problem whicll relates to the 
quality of data can be minimized by conSidering grouped data 
under specified ages ratller than tile age-specific proportions. 
When conSidering the proportion under specified ages, net 
movement of people across that age will only distort the 
estimate. For instance, a systematic sllifting of people 
towards younger age groups will create an impression of high 
fertility in the past and a heavy mortality for a fixed rate of 
growth. The bias will be reversed if there is a systematic 
exaggeration. 
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82. A third problem is the assumption of stability. In 
Africa, it is difficult to assume that mortality has remained 
constant for a long tillle. Infact there is ample evidence to 
show that in the 1960' s IIIOrtality was on the decline. 
Fortunately, with gradual declines in mortality, the 
Coale-Demeny technique can be used to estimate the vital 
parameters of a country froll age distribution. The current 
levels will be reflected on the age distribution. A population 
which has experienced a recent gradual change in IIOrtality is 
called a quasi-stable population. 

Estim~tion of Mortality From Age Distribution and Rate of Growth 

83. The example that is g~ven for illustrating the 
applications of stable or quasi-stable theory to estimate 
1I0rtality in Africa is that of Kenya 1919. The pr~ess 

involves the computation of the proportion for a given age to 
the total for a specified sex group. 

Let N(x,x+4) be the number of females at age x to x+4. 
The proportion at age x to x+4 will be: 

w 
C(x,x+4) - N(x,x+4)!IN(x,x+4) where w is the last age 

x-o 

However, if the classification includes age not stated group, 
the proportion should be calculated after the non-stated group 
are subtracted frOll! the total for that sex. In Kenya 1979 
Census, out of 7,719,948 females, there were 13833 whose ages 
were not stated. 1,421,385 females were also reported at age 
0-4. The proportion in age group 0-4 is therefore calculated as 

C(0,4) = 1421385/17719948 - 13833) 
- 0.1844 

SilDilar computations were made up to age group 40-45 and the 
figures cumulated from age 0 to ages 5,10,15, ... , 45. For 
age IS, 

C(15-) • C(O,4)+C(5,9)+C(lO,14) - 0.1844+0.1615+0.1329 
.. 0.4188. 

These cumulated proportions are expressed in percentages and 
the results entered in coluan ~of Table 3.9. 

84. The next step is to calculate the rate of growth of the 
population. ~he exponential growth law was applied to the 
female populations in 1969 and 1979. The total female 
populations for the two censuses were 5,460,324 for 1969 and 
7719948 for 1979. The computed intercensa1 growth rate was 
3.46. 

_____ ------------------~·l·-i 



Table 3.10 Application of Coale-Demeny method to Kenya Females 
(Age Distribution and Rate of Growth Method) 

Age Proportion Levels and the corresponding Proportion that Level os Mortality 
Under Age Bracket the Observed Proportion Under Age X corresponding to 

x Observed c(x-) and 
x C(x-) 12 13 14 15 16 18 19 r '" 0.0346 
1 2 3 4 5 6 7 8 9 10 

5 18.44 18.50 18.~4 18.23 

10 34.59 34.85 34.41 15.59 

15 47.88 48.10 47.57 14.42 

20 59.40 59.76 59.19 12.63 :~ 

w 
w 

25 68.30 68.40 67.86 12.16 

30 75.32 75.45 74.93 12.25 

35 80.66 80.68 80.21 13.04 

40 84.88 84.92 84.50 14.10 

45 88.43 88.73 88.37 14.83 
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85. With r = 3.46\ and C(5-) s 18.44, a search is made in the 
North Stable population of the Coale and Demeny set to locate 
the level of mortality with these characteristics. Since the 
tables of Coale and Demeny are tabulated for rates of growth of 
-1\ to 5\ in steps of 0.5\, the observed rate of growth of 
3.46\ is not one of the tabulated figures. But, it lies 
between tabulated rates of growth of 3.0\ and 3.5\. By 
interpolation, the level is determined and the result 
recorded. 

86. For the Kenyan example, a C(5-) of 18.44 with a rate of 
growth of 3.46\ lies between levels 18 and 19 on the Coale and 
Demeny North model stable population with proportions under 5 
of 18.50 and 18.24 respectively. The level of mortality 
corresponding to C(15-) of 18.44 and r = 3.46\ is thus: 

level for C(5-) - 18+(18.44-18.50)/(18.24-18.50) 
= 18.23 

Similar computations were made for the other cumulated 
proportions under ages 10, 15, 20, •••• , 45 and the results 
entered in column 10 of Table 3.10. The estimated levels are 
ordered in ascending or descending order and the median 
selected. For Kenya females, the median levels was 14.10. The 
life expectation is thus estimated as 52.15 years corresponding 
to level 14.1. The crude birth rate is also estimated by first 
obtaining the female birth rate and converting this to crude 
birth rate (including males and females) by the formula: 

female Pop. 
CBR = (Female Birth Rate) x -------

Total Pop. 
(1 + SRB), 

where eRR = Crude Birth Rate and SRB a Sex Ratio Birth 

hence CBR = 48.139 x 1119948 x 2.03 = 49.83 per thousand. 
15321061 

81. Given the same data situations, there are other methods 
of solving equation (18) to estimate the level of mortality. 
One such method is due to Arriaga (1968). 

Arriaga Method 

88. In the Arriaga method the equation is written as: 
C(x,xH) = be r(x+2.5)L(X,x+4) (25) 

C(x,x+4) 
or = b.e-r (X+2.5) ( 26) 

L(X,x+4 

Taking natural logarithms on both sides and re-arranging the 
terms, 



C(x,x+4) 
In (--------) 

L(x,x+4) 
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(In b - 2.5r) - rx (27) 

Equation (27) is a straight line with slope equal to the 
negative of the rate of growth and (1nb-2.Srl the intercept. 
From equation (27), both the rate of growth and the crude birth 
rate can be estimated simultaneously. The estimated rate of 
growth can then be compared against the computed intercensa! 
rate of growth which will help to examine the quality of data. 
In such a case, the method appears to be more a technique of 
evaluation than a tool of mortality estimation. However, if 
the rate of growth is known, a life table among one of the 
models can be selected by either least squares or other methods 
that give consistent birth and death rates. 

89. The method is sensitive to the rate of growth and age 
misreporting. Although the fitting can avoid ettors at older 
and young ages by eliminating them from the range of fitting, 
the quality of data can have a Jllajor impact on the estiJllated 
level of mortality. An application of the technique to the 
1979 female age distribution of Kenya is given in Table 3.11 
For Kenya, the proportions are given in column 2 From 
experience on the mortality situation of the country under 
study a level of mortality is selected and its stationary 
population expressed per unit radix and is given in column 3. 

Tile natural logarithm of the quotient of column 2 and 3 are 
given in column 4. For example, for Kenya 1979, and x = 10, 

L(10,14) - 3.76916 (level 12)/ C(10,14) • 0.1329 and 
In(C(IO,14)/L(10,14)] • -3.3450. 

A curve of the form Y - A+Bx is then fitted for age ranges 0-64 
with a transformed x value. The formula for transformation is 
X - (32.S-xI/S where x is the mid point of an age group and 
32.5 is the mid-point of the central five years age group of 
the range of fitting, ie 0-64. 

Equation (27) after substituting 32.5-SX for x giVes 

C{x,x+4l 
In (---------) = Inb - 2.Sr - r(32.5-5X) 

L(x,x+4) 
• lnb - 35.0r + SrX 



, 
4 

Table 3.11 An Illustration of Arriaga method to Kenya Females 1979 

Age proportion L(x,x+41 C(x,x+4) Transformed C(x,x+4) 
Group at age for In( I X Xln( 
x-x+4 x-x+4 level 12 lo( x,x+) I.( x,x+4) 

X= 32.S-x 
5 

1 2 3 4 5 6 

0-4 0.1845 4.24534 -3.13593 +6 -18.9261 
5-9 0.1615 3.89719 -3.18351 +5 -16.9681 

10-14 0.1329 3.76916 -3.34501 +4 -13.5174 
15-19 0.1152 3.67933 -3.46382 +3 -10.5019 
20-24 0.0890 3.58077 -3.69470 +2 - 7.4679 
25-29 0.0702 3.46922 -3.90034 +l - 3.9423 
30-34 0.0536 3.34427 -4.13345 0 0.0 
35-39 0.0422 3.20588 -4.33032 -1 4.33032 
40-44 0.0355 3.05619 -4.45539 -2 8.91078 
45-49 0.028a 2.89835 -4.61152 -3 13.83456 
50-54 0.0248 2.72208 -4.69831 -4 18.79324 
55-59 0.0175 2.50720 -4.96472 -5 24.8236 
60-64 0.0142 2.23134 -5.05712 -6 30.3427 

lo(x,x+4) C(x,x+4) C(x,x+4) 
for level In( ) Xln( ) 

13 L(X,x+4) I.(x,x+4) 

7 8 9 

4.3:l429 -3.15435 -18.8156 
4.01632 -3.21362 -15.9175 
3.90085 -3.37935 -13.3800 
3.81734 -3.50064 -10.3915 
3.nU2 -3.73395 - 7.3894 f-' 

3.61793 -3.94231 - 3.9003 "" '" 3.49904 -4.17869 0.0 
3.36729 -4.37944 4.3794 
3.22340 -4.50866 9.0173 
3.06980 -4.66899 14.0071 
2.89620 -4.7b031 19.0412 
2.68298 -5.03248 25.1624 
2.40679 -5.13281 30.7969 
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C(x,x+4) 
In (-------- - Inb - 35r+5rX 

L(x,x+4) 

which is a linear curve of the form 
C(x,x+4) 

Y - A+BX where A - Inb-35r, BaSt, and Y • In(--------) 
L(x,x+4) 

For Kenya, the solution for 13 age groups with 32.5 as center 
gives 

f YX 
B - and A ;;;;--

IX" n 

For level 12, r x2 - 182, i: YX - 31.24083 

B - 31.24083/182 • 0.1111653 and r = B/5 = 0.171653/5 • 0.0343. 

Since, the implied rate of growth of 0.0343 is lower than the 
observed rate of growth of 0.0346, it looks that level 12 is on 
the lowerside. Level 13, was then tried and an estimate of r = 
0.0351 arrived. The level of mortality was then determined by 
interpolating for the observed rate of growth between levels 12 
and 13. The level of mortality that will reproduce the rate of 
growth of 3.46% is 

13(0.0346-0.0343) + 12(0.0351-0.0346 
(0.0351-0.0343) 

The choice of 0-64 for fitting is arbitary. Higher ages were 
avoided because age mistatement errors in the form of shifting 
usually affect the estimate. Shorter ranges centred on 30-34 
were attempted for fitting, the results implied higher risks of 
mortality or lowel;' than level 12 on the coale-Demeny set. It 
is obvious from the discussion above that the technique 1s 
sensitive to the rate of growth. Therefore, differential 
completeness in censuses will severely limit the utility of the 
techniqUe as a method of estimating mortality. Besides, age 
mistatement also reduces its power of estimation. 
Destabilization caused by fertility and mortality changes also 
affects the method seriously. 

90. Two other methods using the basic stable equation in 
order to provide formulae for estimating the mortality level of 
a country are those of Coale-Hoover (1958) and tlie variant of 
Stolnitz methods (Ramacliandran, 1977). 

Coale-Hoover Method 

91. In the Coale-Hoover method, the stable equation is 
written as: 
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L(x,X+4) - l. C(x,x+4). er (x+2.5) 
b 

since l is a constant, it can also be written as 
b 

Llx,x+4)e( clx,x+4). er (x+2.5) 

(U) 

(29) 

por x > 5, the proportional values of ... (x,n4) are cmaputed by 
equation (29) upto the last closed age group. For the open 
ended age group, the same equation cannot he used because the 
mid-point of the age group is unknown. Experience frOll aoael 
relationships can he adopted. In this study, since the open 
ended age group considered is 65+, an average age of 72.5 years 
appears to g1 ve a /:easonably good approximation of the aid 
point for the range of levels of mortaHty of African 
countries. So, once T(65) ie., L(65+) is calculated, fllO) can 
be estimated as a sum of the estimated L(x,x+4) values for x • 
10, 15, ••• , 60 and T(65). 1(10) is estimated as an average of 
L(5,9) and L(lO,14), ie. 1(10) • (L(5,9) + L(10,14))/10. 'lbe 
expectation of life at age ten, e(iO) is thus given by: 

TUO) , 
e(10) = ( 30) 

1(10) 
where: 

60 
TUO) = 'i:. C(x,xH) EXP[r(xH.5)] + C(65+) EXP(12.5r) (31) 

x-l0 

1(10) = (L(5,9)+L(10,14)/10 
= [C(S,9) EXP(7.5r) + C(10,14)EXP(12.Sr)]/10 ( 32) 

Since T(lO) amd 1(10) contain ~XP(2.Sr) as common factor 

60 
1: [C{x,x+4)EXP(rx)J + C(6S+IExP(70r) 

T(10) 10. x-l0 
e(10) = ------ - ---------------------------------------- (33) 

1(10) [C(S,9)exp(Sr) + C(10,14~XP 5r)2] 

92. In Table 3.12, the second column indicates the proportion 
of the population in each age group. Column 3 shows the 
exponent to which exp( 5r) sbould be raised to estimate the 
stationary populations needed for estimating T{lO), and T{O) in 
Coale-Hoover and Stolnitz methods respectively. The constant 
[exp(5r)]V for inflating the C(x,x+4) and C(x,x+4)/C(0,4) 
figures for Kenya 1979 for rate of growth r • 0.0346 are given 
in column 4. The numbers that are proportional to stationary 
population, L(x,x+4), for Coale-Hoover Method are entered in 
column 5. Summation of these figures for all x>10 gives: 

'f(10) • L(10,14) + L(l5,19) + •.•• + L{60,(4) + L(65+) 
• 2.00689 

1(10) • [L(5,9)+L(10,14)J/10 - (0.192+0.18784)/10 - 0.03797 

________ ..... __________________________________________ ~ __ ~ __ .... ____ ~!.-, 



Table 3.12 An Illustrative Example of Coale-Hoovtr and Stolnitz Methods 
to Kenya Females 1979 

COALE HOOVER STOLNITZ 
Age Kenya v 1. C( x, x+4) 1. 

Group Female V [EXp(5r~ 5 x 5 x ~ 

x-x+4 1979 Col. 2llCol.. C(0,4) Col ..... Col. 6 
r-0.0346 

1 2 3 4 5 6 7 

0-4 0.1845 0 1.00000 0.18450 1.00 1.0000 
5-9 0.1615 1 1.18887 0.19200 0.87534 1.04066 

10-14 0.1329 2 1.41340 0.18784 0.72033 1.01811 
15-19 0.1152 3 1.68035 0.19358 0.62439 1.04919 
20-24 0.0890 4 1.99771 0.11780 0.48238 0.96366 
25-29 0.0702 5 2.37501 0.16673 0.38049 0.90366 ,.... 
30-34 0.0536 6 2.82356 0.15134 0.29051 0.82029 w 

"" 35-39 0.0422 7 3.35684 ,0.14166 0.22873 0.76780 I 

40-44 0.0355 8 3.99083 0.14167 0.19241 0.76788 
45-49 0.0288 9 4.74457 0.13664 0.15610 0.74062 
50-54 0.0248 10 5.64065 0.13989 0.13442 0.75820 
55-59 0.0175 11 6.70598 0.11735 0.09485 0.63607 
60-64 0.0142 12 7.97251 0.11321 0.07696 0.61360 

65+ 0.0301 14 11.26837 0.33918 0.16314 1.83836 

TO 12.91810 
TI0 2.00689 

For Stolnitz - T(O) = 12.9181 1.(0,4). 

T(01/L(0,4) = 12.9181 ....... ;;; 
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Estimated expectation of life at age ten by Coale-Hoover methoa 
e(lO) = 2.00689/0.03798 = 52.835 

From the models the level of mortality with expectation of life 
at age ten equal to 52.835 is level 13. The technique could 
have also been used for any other age except zero. The reason 
for selecting ten is because it gives a level of adult 
mortality which is independent of pattern. However, if the 
implied level is sought, its effectiveness reduces 
drastically. Generally, Coale-Hoover technique will imply a 
level of mortality which is slightly heavier than the actual 
figure because 1(10) is usually on the higher side because of 
inflation of the 5~9 age group by the transfere across age 5 of 
those 3 and 4 years of age children while T(lO) is on the lower 
side because of the transfere of children ten years and over 
across age ten. 

93. The method thus involves, locating a level of martality 
with an expectation of life at age ten equal to the computed 
figure given above. Note, once again that, a knowledge of the 
pattern of mortality is very essential for the technique. The 
technique is also sensitive to age mistatement and the 
estimated rate of growth. One advantage of the technique 
though is its avoidance of the age group 0-4 which is usually 
under enumerated. The same technique could also be used to 
estimate the level of mortality at other ages such as age 
15,20, •••• etc. 

Stolnitz Jlethod 

94. This method is a variant of the Stolnitz method 
(Ramachandran, 1977). The equation used for estimting the 
level of mortality relates the stationary population L( 0, 4), 
and TIO) through the Lotka's equation. 

Let L(O,4) - K 

From equation (24) 
L(5,9) C(5,9) 7.5r 

-------- = ------ e. 
L(O,4) b 

From equation (30) and (31) 
C(5,9) 5r 

L(5~9) = ------ .e .K 
C(O,4) 

b C(5,9) 5r 
------------- = ------.e 
C(O,4)e2•5r C(O,4) 

L(lO,14) C(lO,14) 12.5r b C(lO,14) 5r 
-------- = --------- ~e a -------- .e 
L(5,9) b C(5,9)e7•5r C(5,9) 

(34) 

(35) 

( 36) 

___________________________ --11_··' 
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LIIO,H) • C(lO,14) Sr (37 ) 
------- .e • L(S,9) 
CIs,91 

prom equations (32) and (33) 

CIIO,14) 5r C(5,9) Sr 
--------- .e ----- .e K 

•• L(lO,14) = C(S,9) C(O,') 

C(lOi14) Sr 2 
-------- • (e ) • K 

= CIO,4) ( 38) 

Similarly, for any age x, o ~ x ~ 60 

C(X,X+4) v 
L(X,x+4) = ---------.lexp·ir)K 

CIO,4) 
where v = xl5 ( 39) 

T(O)= 
60. 60 r L(X,x+4)=Z 
x=O x=O 

v 
Clx,x;l'4) ~xPl5r)] • k 
CIO,4) 

C(6S+) 14 
+ ------ ~Xp(5r~ .K 

qO,4) 

TIO) T(O) C(X,x+4) ~ 

-------- [EXp(Sr~ 
C(0,4) K LIO,4) 

(40) 

C(65+) 1,4 
+ ------ [EXP( 5r 1 

C(O,4) 
(41) 

Here an assumption is made that A = 65 and that, the mid point for 
t.hose who are 65 years and over is 72.5 years as assUllied wi tb the 
Coale-Hoover method. 

94. The life table that has T(O)/L(O,4) equal to the right hand 
side of equation (41) is selected from among the life tables in a 
one parameter model system. It is important to note that one should 
have an idea of the pattern of mortality of the population under 
study. 

95. An application of the technique to Kenyan Female 1979, is 
given in Table 3.12. Columns 6 and 7 are the ratios C(x,x+4)/C(O,4) 
and [C(X,X+4)/C(0,4)1~xp 5r)v respectively. 

96. Tbe summation of all figures under column 7 gives TID). Hence 
for Kenya 1979 females wbere the rate of growth It) is assumed to be 
0.0346, the estimated T(O)/L(O,4) = 12.9181. 

97. A search for a level of mortality witb a ratio of T(O) to 
LIO,4) of 12.9181 will have to be made in one of the one-parameter 
model life table systems of Coale and Demeny( 1966) to estimate the 
mortality level by tbis method. For Kenya, a ratio of T( 0) to 
L(O,4) of 12.9181 is bracketed by levels 12 and 13 in the Nortb 
family of Coale and Demeny. Interpolating for a T(O)/L{O,4) of 

12.9181 gives a level of mortality of 12.4. 
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98. Under ideal conditions, i.e. where data are not subject 
to errors, all the four methods will give the same results 
except for the problelll8 of approxiJlation at the open-ended age 
group which can not be discarded as in the Coale and Demeny or 
Arriaga methods. Because of the heavy weight of the 
exponential growth term, the estimated rates will be correct to 
the nearest unit. The four techniques are however sensitive to 
the selected pattern. Among the four, the Coale-Hoover is the 
least robust method while the Stolnitz appears to be less 
sensitive to changes in the patterns of mortality. The 
sensitivity of the Coale-Hoover method lies in that models 
having similar petterns of adult mortality can be subject to 
varying levels of infant and child mortality. 

Methods Based on Age Distribution fra. TWo Successive 
Censuses 

99. Lack of adequate data on vital statistics for estimating 
mortality has already been noted. In this section indirect 
techniques based on two age distributions collected from two 
successive censuses will be discussed. The techniques that 
will be discussed are i) the Carrier-Hobcraft Method, Iii) the 
coale-Demeny Projection and Cumulation Method and (iii) the 
Preston-Bennett Methods. Other Jlethods such as the Brass 
variant of Carrier-Hobcraft which use the logit smoothing 
method is not discussed here because they require relatively 
good age distribution. 

Carrier-Hobcraft Method 

100. The method is based on the following assumptions: 
i) The population is closed to migration during the 

intercensal period 
iiI The magnitude of age misstatement in the various 

reported age groups is not severe. 
iii) The age pattern of mortality of the population 

conforms to one of the known pattern of mortality. 
Based on these assumptions, the technique can be used to 
estimate the level of mortality in the intercensal periods. 

101. The mechanics of the method starts by computing the 
ten-year cohort survival ratios; 

If we assume that a population is sectionally stationary 

I.(x+l0,x+l4) N2(x+lO,x+l4) . -------------- ( 42) 
L( x, xH) Nl(x,x+4) 

where L( z,W) is a stationery population in a life table age z 
to W years and Nl(z,W) and N2(z,W) are respectively populations 
in a first and second censuses in age groups z to W. 

---------------------------I!-"' 
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Let S(1) .. N2(x+lO.x+l4)/Nllx.xH) (43) 
wbere SCi) is tbe ten years survival ratio for those aged x to 
x+4 years in the first census. From equations (42) and (43), 
it can be seen that 

Llx+10,x+14) - S(i).L(x,x+4) (44) 
using equations (4~), 

L(lO,l4) - S(I).L(O,4) 
L(IS,l9) " S(2).L(S,9) 
L(20,241 .. SI31.L(IO,l4) .. S(l).Sll).LIO,4) 
L(25,291 .. S(4).L(15,l9) .. S(4).S(2).L(5,9) 
etc. 

Similarly for any age u, 5< u ~A-5, where A is the 
beginning age of the open age interval, L(U,u+4) can be 
expressed as a product of the alternating ten years 
survivorship ratios depending on whether u is an odd or even 
multiple of five. Thus, L(u,u+4) can be represented as 

L{u,<u+4) .. S(1).S(l).S(5) ..... 5(2n+l).L(O,4) 
for u ~ even multiple of 5 

Llu,u+4) .. 5(2).S(4).5(6) ••••• 5(2n).L(5,9) 
for u an odd multiple of 5 

(45) 

(46) 

Por an open ended interval, the total number of person years 
lived, T(A) , can be expressed as a function of L(A-lO,A-6) and 
L(A-5.A-l) which will be estimated by equations (45) and (46). 

Let T(A)/T(A-lO) .. Z 
T(A) " Z.T(A-lO) .. Z(L(A-lO,A-6)+L(A-5,A-l)+T(A» , ie., 
T(A)-ZIT(A»)" Z(L(A-lO,A-6) + LlA-5,A-ll) and hence 
T(A) .. (Z/l-Z) ILIA-lO. A-6) + L(A-S, A-l» 

The total person-years lived lor total number of persons in 
a stationary population) will be given as 

TIO) " L(O,4)+L(5,9)+ ••• +LIA-lO,A-6)+L(A-5,A-l)+T(A) (47) 

SUbstituting the equivalents of the person years lived in 
equation (47) and re-arranging the terms gives 

TIO) .. L(O.4)[1+S(l)+S(l.).S(3)+ .. +S(l).S(3) S(5) .. S(2n+1) 
+(Z/(l-Z).S(l).sI3).S(5) •••• SI2n+l)}+ 
+ L(5,9)(1+S(2)+S(2).S(4)+ •• + S(2).S(4) 5(6) •• S(2n) 
+(Z/(l-Z».S(2).S(4).S(6) ... S(2n)} (48) 

Let C and D be the constants in parenthesis which form the 
coefficients of L(O,4) and L(5,9) respectively. 

i.e. T(O) = C.L(O,4) + D.L(5,9) 
where 

Cal + S(1)+S(1).S(3)+ ••••••• + S(1).S(3).S(5) •• S(2n+l) + 
(z/1-z).S(1).S(3) •••• S(2n+l) 
and 
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D = 1 + 8(2) + 8(2)8(4) + 8(2)S(4)8(6) + •• + S(2)S(4)8(6) •• 
S(2n)+ (z/l-z) 8(2).8(4) ••••••• S(2n) 
for 1(0) = 1 tbe expectation of life at age zero is g1'en by 

T(O)/l(O) • e(O) • C.L(0,.)+D.L(5,9). 

103. Tbe procedure therefore reduces to locating a life table 
that satisfies tbis equation. In otber words locating a life 
table wbose expectation of life at birth is equal to tbe sua of 
the products of its stationary populations at ages 0-4 and 5-9 
and the constants C and D respectively. This can easily be 
located by trial and error once the pattern of mortality is 
known. 

104. The tecbnique ~s inflexible in that, it is difficult to 
apply if intercensal interval other than five or ten years are 
involved as it requires tedious calculations. In addition, it 
is very sensitive to differential. completeness in the census 
enUlllerations. Greater completeness in the second census will 
give an impression of lighter mortality than the actual 
prevailing level in tbe intercensal period. In most cases, the 
most recent census will be an improvement over its predecessor 
thougb deterioration in quality are also likely in some cases. 

105. Another problem with the technique is the age of 
truncation. Experience with African data indicate that 
truncation below age 45 years gives unrealistic mortality 
estimates. Beyond age 45, implied levels. alternate depending 
on wbetber tbe open ended age started witb digit five or digit 
zero perbaps in response to tbe net pattern of age beaping. 
Tbe otber problem with the technique is its dependence on model 
life tables. But if 1.(0,4) and 1.(5,9) can be estilllated froll 
data on surviving children and children ever-born, its 
dependence on models could be reduced. 

An Illustrative Bx_le of the CArrier-Bobcraft Method to Kerga 
1969-1979 Data 

Step 1: Calculate the intercensal Cobort Survival ratios frOll 
the 1969 and 1979 population distributions. If lU(x,x+4) and 
N2(x,x+4) are tbe 1969 and 1979 populations by age and sex, 
respectively a set of S(i) values can be calculated using 
equation (43). For example, 
N2(10,14) - 1025678 and NI(0,4) • 1046380. 

Tberefore 8(1) = 1025678/1046380. 0.9802. 

The 10 year s.urvival ratios computed using equation (43) are 
given in column 4 Table 3.13. Note tbat the last survival ratio 
is for tbe open age group 45+ 

8tep 2: Divide the survival ratios into two groups, ie, those 
witb ages starting in digits 0 and 5 respectively. Then with 
1.(0,4) and 1.(5,9) taken seperately as equal to 1, the survival 
ratios in the two groups are multiplied succesively and are 
presented in columns 5 and 6. For instance the fourth value in 

I - r 
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column 5 is obtained by multiplying the survival ratio at age 
20-24 in column 4 by the third value in column 5 and so on. 
Note that the last two values in columns 5 and 6 are obtained 
by multiplying the last but one values in those columns by the 
value of (z/(l-Z» where Z is the survival ratio of the last 
open age group. 

Table 3.13 An Application of the Carrier Hobcraft Method to the 
1969-79 Female Population of Kenya 

Age Female Population 10 Year MultiEliers for:· 
Group Survival L(0,4) L(5,9) 
x-x+4 1969 1979 Ratio 

1 2 3 4 5 6 

0-4 1046380 1423936 0.9802 1.000 
5-9 893359 1246983 0.9955 1.00 

10-14 663808 1025678 1. 0353 0.9802 
15-19 554847 889316 0.9773 0.9955 
20-24 450096 687234 0.9185 1.0148 
25-29 411245 542233 0.7926 0.9729 
30-34 299241 413432 0.9163 0.9321 
35-39 264819 325951 0.8397 0.7711 
40-44 201936 274193 0.9475 0.8540 
45-49 684593 222363 0.6971 0.6475 
50-54 191365 0.8092 
55+ 477264 1.8624~ 1.4902<U 

• The values are obtained by using equation 44. 
~The value is obtained by multiplying the value above by (Z/l-Z) 

Z = 0.6971, Z/l-Z = 2.3014. 

C = 1+0.9802+1.0148+0.9321+0.8541+0.8092+1.8624 = 7.4528 

D = 1.00+0.9955+0.9729+0.7711+0.6475+1.4902 = 5.8772 

T(O) = 7.4528 L(0,4) + 5.8772 L(5,9) 

for 1(0) = 1, 

e(O) = T(O) 
1(0 ) 

= 7.4528 L(0,4) + 5.8772 L(5,9) ( 49) 



- 146 -

I N P U T OUTPUT Difference 
e(O) L(O,4) L(5,9) e(O) 

1 2 3 S S-COl.1-Col.2 

57.50 4.5309 4.3362 59.253 -1. 753 
60.0 4.5933 4.4309 60.272 -0.272 
62.5 4.6528 4.5204 61.243 1.257 

Expectation of life at birth - 60.44 
Z~ __ • 

A life table that satisfies equation (49) has expectation of 
life at birth of 60.44 years in the North family of the 
Coale-Demeny model life table. 

The Coale-Demeay Projectioa8 and Cu.ulatiop Method 

106. The Coale and Demeny method makes the same asslUDptions 
as the Carrier and Bobcraft method. The difference is in the 
extent to which asslUDPtion three is utilized to arrive at the 
level of mortality. In theory, Carrier and Bobcraft method can 
do without it. In the case of coale and Demeny method, it is 
impossible to apply the technique where a one parameter system 
of model life table 1s not avialble. 

107. The application of the Coale and Demeny method starts by 
first selecting one of the many "falililies" of one-parameter 
system as the pattern of mortality prevailing in the area. 
Once this assumption is accepted, there can only be one life 
table with a survival ratio that corresponds to the observed 
survival ratio for a given age group. In practice, the ten 
year cohort survival ratios are unrealistically too high in 
some ages and too low in others. TO reduce the effect of age 
misstatement errors, Coale and Demeny suggest a search for a 
level of mortality among one of the four regions of model life 
tables that will satisfy the equation. 

w 
2: Nl(x,x+4).S(x,x+4) 
x=y 

w 
- L N2(x,xH) 

x-lO+y 
(50) 

where Nl(x,x+4) and N2(x,x+4) are observed populations in the 
first and second censuses in age groups x to x+4; SCi) is a ten 
year survival ratio from age (x,x+4) to (x+lO,x+14) as defined 
earlier. In other words a level of mortality is selected so 
that the survived population aged 1 and above in the first 
census matches the observed populations aged y+lO and above in 
the second census. For each age y in the first census, an 
S(1,y+4) can be found corresponding to a level of mortality 
that will satisfy equation (50). In the absence of errors in 
the data or same pattern of errors in both censuses, the set of 
implied levels by each age yare supposed to converge to the 



- 147 -

same level, but in practice it is not the case because of 
errors among other things. A choice is therefore made as a 
mean or a median among the estimated values in a range in which 
age reporting is considered to be less severe. 

108. The same technique can also be used by coaparing the 
survived population of the second census aged x+lO years and 
over with the population aged x years and over in the first 
censes i.e. If S(x,x+4) is the ten year survival ratio from 
age x,x+4 to x+lO,x+14 in an intercensal period, 

w 
!. Nl(x,x+4} = 
x·y 

w 
1: N2(x+lO,x+14)/S(x,x+4) 
x-y 

Once again the median 'level is selected among the first set of 
seven or nine values. The first procedure is called the 
forward method and the latter the backward method. In theory 
both are expected to give the same levels of mortality, but in 
practice they do not. The reasons for giving different results 
ate likely to be one or .both of the following, 

i) differences in completeness in the two censuses 
ii) differences in the pattern of age misreporting in 

both censuses 

One advantage of the Projection and cumulation technique is its 
process of cumulation which drastically reduces the effect of· 
age misstatement except for substillntial transfers across the 
initial age used in the cumulation. 

Illustration of Coale-Demeny Projection and Cumulation Method 

Step 1: Select the pattern of mortality to be used. For 
Kenya, North Model is selected as the most appropriate model. 
Once the pattern is selected, the range of plausible estimates 
are made. In the case of Kenya, the level is not expected to 
be less than level 10 and not more than level 18. 

step 2: The first population is projected successively by 
levels, 10,12,14,16,18 after ten year survival ratios for these 
levels have been calculated. Where computer facilities and the 
required softwares are available, the projections can be made 
for single levels of mortality. The ten year survival ratio 
can be estimated by multiplying consective five year survival 
ratios. For example, ten year survival ratio for 0-4 can be 
calculated as: 

L(10,14 ) L(S,9) L(10, 14) 
------- - ------ . -------- - S(1).S(2). 
L(0,4) L(0,4) L(S,!!} 

Similarly, ten year survival ratios can be estimated for 
each of these levels and the first census projected forward by 
these survival ratios for each level. 



- 148 -

Step 3: The projected populations are cumulated from the 
oldest to the younger age groups such that for each level, 
NP(lO+), NP{15+), NP(20+), •••• , NP(45+) are computed. NP 
stands for projected population. 

step 4: The reported population in the second census is also 
cumulated in the same pattern as in step 3. For each .age 10 
years and over, the projected cumulated population is bracketed 
by two numbers for two levels. By interpolation, the 
level/corresponding to the cumulated population can be 
determined. Repeat the process for age ranges 10+, 15+, 20+, 
25+, .... , 45+ and select the median. For Kenya the 
illustration is given in Table 3.14. 

109. The problems associated with this technique are of two 
kinas. First, it is difficult to apply the method when the 
interval between censuses is not a multiple of 5 years. Infact 
for multiples of five years other -than the period of 10 years 
it will be very difficult or perhaps time consuming to generate 
the survival ratios before the method can be applied. With the 
advent of computers and development of softwares though the 
technique can be handled very easily. 

110. The other problem is its dependence on reference 
tables. In situations where eXisting tables do not resemble 
the adult mortality pattern of the population under 
investigation the technique can not be used. Fortunately, with 
the addition of the New United Nations (1983) and the OECD 
model life table systems (Clairin, et aI, 1980) to the 
Coale-Demeny systems, the lack of the flexibility of the 
technique is reduced. 

111. As with the Carrier and Hobcraft method, the method is 
sensitive to differential coverage between the censuses and net 
migration. Adjustments will have to be made before the 
application of the technique for better esimates. 

The Preston - Bennette Method 

112. Preston and Coale (1982) have shown that for any 
population, 

X 

C(x) = b.EXP[- J 
o 

r(a)da] .l(x) (51) 

where C(x) is the proportion at age Xl b is the intrinsic birth 
rate, r(x) the growth rate at age X and pIx) is the survivors 
to exact age x. This general equation can be used to estimate 
mortaliy levels pIx), of any country with two Censuses. One 
big adVantage of the technique is that it can be applied to any 
intercensal duration unlike the previous techniques which can 
only be used for multiples of five year intervals. A second 



Table 3.14 An Illustratioll of the Coale-Demeny Forward Projection and Cumulation 
Method Kenya 1969 and 1979 

Age 1969 1979 PROJECTED AND CUMULATED POPULATION BY VARIOUS Mortality 
Group Female Cumulated LEVELS OF MORTALITY FROM NO~rH FAMILY Levels 

Population population 
10 12 14 16 18 

0-4 1046380 
5-8 893359 

10-14 663808 5049027 4758927 4860549 4950945 5034614 5110722 16.19 
15-19 544847 4023350 3859239 3931541 3992691 4051195 4106490 16.19 
20-24 450096 3134034 3027745 3088121 3137961 3186433 3233133 14.52 
25-29 41124:; 2446800 2404330 2451490 2500951 2543343 2584612 12.92 
30-34 299241 1904567 18970U 1943754 1981712 2018715 2055064 10.80 
35-39 264819 1491135 1482735 1523387 1556142 1588081 1619763 10.16 
40-44 "" 201936 1165184 1109172 1143355 1170592 1197209 1223977 10.21 -'-' 

'-0 
45-49 163852 890991 840935 869691 892720 915094 937903 12.80 
50-54 139072 668628 606364 630476 64933 667867 687011 12.92 
55-59 102235 477263 430353 450616 466407 481971 687011 16.04 
60-64 94506 342488 :1.92157 308876 321881 334768 348334 
65-69 63307 232773 181922 194876 204941 215024 225750 

70+ 12169 149403 184915 118528 125892 133380 141435 
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advantage of the technique is that it does not require the use 
of model life tables and like the others it avoids the 
assumption of stability. 
be closed to migration 
before its application if 
Prom the above equation, 

However, the population is assumed to 
or adjustment will have to be made 
the relevant data are available. 

i.e. e(D) 

x 
pIx) " (N(x)/N(O»). ElIP( S rea) da) 

o 

w 
" f 

o 

w 
p(x)dx" i (N(x)/N(O). 

o 

x 
EXP( S 

o 
r(a)da)dx (52) 

The above equation requires an estimate of N(O), the number of 
births in the intercensal period, in order to estimate the 
expectation of life at birth. Since the data will not usually 
be available, another age u can be chosen such that 

w 
e(u)" J p(x)dx" 

u 

For discrete data, 

w x 
J (N(x)/N(O) .EXP( J r(a)da)dx 
u u 

w i-5 

e(u) " 
1: N«i,i+4) EXP[5 1: r(x,x+4)+2.5(r(i,1+4») 
i-u X=U 

[N(u-5, u-l) + N(u,u+4))/10 
(53) 

112. The application of the technique to Kenyan female age 
distribution given in 1969 and 1979 is given in Table 3.16. 
The steps to be followed are given below: 

Illustration of Preston-Bennett Method 

step 1: The intercensal growth rates for age group x to x+4, 
r(x,x+4), are calculated using the exponential growth law ie., 

r(x,x+41 = lIn (N2(x,x+41/Nl(x,x+4)1/n (54) 

where N2(x,x+4)and Nl(x,x+4) are respectively the number of 
females in age group x to x+4 in 1979 and 1969 censuses 
respectivelly. n is the intercensal interval in years and In 
stands for natural logarithm. In Table 3.16, Nl(x,x+4) and 
N2(x,x+4) are given in columns 2 and 3. 

FOr example, 
r(5,9) = In[(1246983/893359»)/10=[ln(1.39584»)/10=0.33350/10 

" 0.03335 

The results of applying the exponential growth law formula are 
shown in column 4. 

!' ,f -t-" '. 
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Step 2: The mid-p~riod population for which the estimated level 
of mortality refers is given by: 

N(X,x+4) # O.5IN2(x,x+4)+Nl(x,x+4)J (55 ) 

where Nl(x,x+4) and N2(x,x+4) are as defined in step 1. 

For x = 10, 
N(lO,14) = 0.5 (1025677+663808) = 844742 

Similarly, the average mid-period population for the rest of 
the age groups is estimated using the same formula and the 
results are displayed in column 5. 

Step 3: The intercensal rates of growth are cumulated from age 
5 to the mid-point of each successive higher age group using 
the equation 

x-5 
R(x+2.5) = ~ r(i,i+4) + 2.5 r (x,x+4) 

i=5 

for x=5, 
R(7.S) = 2.5 x 0.03335 = 0.0834 

for x = 10, 
R(12.5) = 5 X r(5,9) + 2.5e (10,14) 

= 5 x 0.03335 + 2.5 X 0.04351 = 0.2755 

For x = 25, 
20 

R(27.5) = 5 ~ r(i,i+4) +2.5r(25,29) 
i=5 

( 56) 

=5Ir(5,9) + r(10,14) +r(15,19) +r{20,24)J+2.5r(25,29) 
=5(0.03335+0.04351+0.04899+0.04232)+2.5 XO.02765 
= 0.9000 

Similarly, the cumulated intercensal rates of growth are 
computed and entered in column 6. 

For the last open ended age interval, 
A-S 

R(A) = t(A) + 52:. r( i, i+4) 
i=5 

(57) 

where P(w) is calculated by using coefficients given in Table 
3.15. The equation used to estimate t(w) is: 

t{A) = a{A)+b(A).r(lO+) + cIA) In(N(45+)/N(10+» (58) 
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Table 3.15: Coefficients for Estimation of the Equivalent 
Growth Rate over Age A,P(A), From the Gro,wth Rate 
over Age 10 and the Ratio of the Population Over 
Age 45 to the Population Over Age 10 

Age 
A 

45 
50 
55 
60 
65 
70 
75 
80 
85 

alA) 
0.229 
0.205 
0.179 
0.150 
0.119 
0.086 
0.053 
0.025 
0.006 

b(A) cIA) 
:20.43 0.258 
18.28 0.235 
16.02 0.207 
13.66 0.176 
11.22 0.141 
8.77 0.102 
6.40 0.063 
4.30 0.006 
2.68 0.006 

Source: United Nations. (Manual Xl Indirect Techniques for 
Demographic Estimatio~. Population Studies of the 
United Nations No. 81. ST/ESA/SER.A/61. P. 219. 

where alA), b(Al and cIA) are given in Table 3.15 for A = 45, 
50, •• ,80, and 85. r(10+) is the intercensa1 rate of growth of 
those 10 years and over in the first census. N(10+) and 
N(45+) are the mid-period populations 10 years and over and 45 
years and OVer respectively. They are estimated by cumulating 
the mid-period population 10 years and over and 45 years and 
OVer respectively, ie.,. 

N(10+) ; N(10,14) + N(15,19) + ... +N(70,74) + N(75+l 
=844742+717084+···· +54319+81192 =4284802 

N(45+) = N(45,49) + N(50,54) +". +N(70,74) + N(75+) 
=193107 + 165218 + .... + 54319+81192=787790 

Step 4: The average mid-period population is then converted 
into a stationary population using: 

L(X,x+4) = N(x,x+4) EXp (R(x)) for five year age groups 
and N(A+) = EXp(R(A+) for the open age interval (59) 

for x = 25, 
L(25,29) = N(25,29) Exp(R(25» 

= 476739 Exp (0.9101) = 1184373 

For the open ended age interval where w=75+ and N(75+) ; 81192, 
equation (58) gives, 

R(7S+)= 70 
a(75+)+b(75+).r(lO+)+c(75+).1n(N(45+)/N(lO+)+ 5 r: r(i t 1+4). 

x=5 
From Table 3.]5, a(75) = 0.053, b(75) = 6.4 and c(75) = 0.063. 
Application of equation (54) to Ule population 10 years and 
over gives an intercensa1 rate of growth of r{10+) = 0.03606 

________ ~ __________ ~_w .. __ ~~ __________________________________________ ~·,~ 
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Bence, 
70 

R(75+}mO.053+(6.4xO.03606)+O.063xln(787790/4284802)+S1: r(i,i+4) 
i=5 

70 
s 0.17707 + 5:E r(i,1+4) 

i-S 

-0,17707+2.21511 = 2.39218 

.', L(75+} - T(7S) = 81192 xExp (2.39218) = 888018 

Column 8 shows the stationary population estimated using 
equation (S9) 

step S: The numbers of survisors to exact age x, l(k), are 
estimated by the relation: 

l(x) = (L(x-S,x-l) + L(x,x+4)/10 (60) 

por example, for x - IS 
L(10,14) • 1112756 (from col, 8) 
L(lS,19) = 1190406 (. • 0) 

,'. l(lS) • (1112756+1190406)/10 • 230316 

The l(x) values for other exact ages are given in column 7. 

step 6: If T(x) denotes the person-years lived above age x, 
its value can be calculated as: 

A-5 
T(x} .. I:. L( i, i+4) +T(A} where L(x,x+4) and T(A} 

i-x 
are as defined in step 4. 

Por x .. 65, 
T(65) • L(.5,69) +L(10,74) + T(75} 

= 537414 + 460681 + 888081 
.. 1886176 

The T(x) values for x > , are given in column 9, 

Step 7: The eXpectation of life at age x, for 10 ~ x ~ 70 are 
given in column 10 and were computed using the formula 

e(x) - T(x)/l(x} - col, 9/col. 7 

Note that, the computation should not necessarily begin with 
age 10, it can start from age five or any otber higher age. 
Age ten is prefered for this exercise; because the 0-4 age 
group are considered to sufer from 0III1 .. 10n Ilswell as shifting 
of those aged 3 and 4 across age 5. 



- 154 -

step 8: The implied levels of mortality, expectations of life 
at birth and age 5 are also given in coll1l111ls 11, 12 and 13 
respectively for Coale and Demeny (1966) Horth MOdel life 
tables. 

113. From column 11, it can be seen that the implied 
mortality level decreases from a high level of 14.68 for age 10 
to 10.13 for age 25 and then increases gradually with 
increasing age up to almost level 22 for age 6S. The pattern 
of implied levels depicted by the Kenyan data is not unique. 
Differential completeness and age mistatUlent error are likely 
to create such a pattern. It is suggested that an average of 
the first three levels should be selected as an estimate of the 
true level of mortality. In the case of Kenya, the estiaated 
level of mortality will be (14.68+13.53+11.21)/3 • 13.1. A 
level of mortality of 13.1 for Kenyan fUlales for the period 
1969 to 1979 appears to be on the lower side. 

MOrtality &8t ... t108 aaa .. oa OrpDanbood 

114. The possibility of using data on survival of parents to 
estimate female and male adult survivorship was suggested by 
Henry (1960). Later Brass and Hill (1973) developed a 
convenient procedl1re for obtaining estilMtes of survivorship 
from some fixed age from proportions of respondents with 
surviving parents. Since it is found that data on maternal 
orphanhood is more reliable than those on paternal orphanhood, 
it is only the former which will be considered here. The .. in 
idea is the following. 

115. Consider a group of children a years old at the time of 
the survey. The mothers of t.llese children must have been alive 
a years I)efore the census or survey i.e. at the time of birth 
of these children. If assumptions are made that the. maternal 
mortality of the living and dead children are the same and that 
the surviving children are typical of all the births a years 
earlier in terms of maternal mortality, the proportion of the 
respondents with a surviving mother will represent the 
probability of those mothers surviving for a years. 

116. The IMthematical relationShip between proportion of 
children with surviving mothers and mortality of parents is: 

Therefore 49 l(a+l:) 
J b ( x) .------- dx 

IS I( x) 

Pta) - ------------------

1 b(x)dx 
15 

Where b(x) • the density distribution of .other. by. a,. x 

(61) 

l(x)- the survivor function of a life table fra. birth to age x 
pea) - the proportion of childrea of exact a,. a WAoae .others 

were alive at the tiaa of the cenaus/aDrvey. 



Table 3.16 An Illustration of the Preston and Bennette Method of Estimating Adult Mortality 
for Kenya 1969-1919 

• 
Enumerated Female Inter- Average Cumu- Stationar~ poeulation EXpec- correSl22ndi!!9 

Population Censor Popula- laUd At exact In five OVer tation Level Bxpec- Expec-
Growth tion Growth age x year age Age of Life tation tat ion 
Rate Rate group x at Age x of Life of Life 

Nl(x,x+4) N2(x,x+4) r(x,x+41 N( xl R(x+2.51 1( xl L(x,x+41 T( xl e( xl at Age at Age 
Zero Five 
e(O) e(5) 

1 2 3 4 5 6 7 8 9 10 11 12 13 

0-4 1046380 1423936 0.03081 1235158 0.0000 0.00 0.00 0.00 0.00 
5-9 893359 1246983 0.03335 1070111 .0834 1163233 0.00 0.00 0.00 0.00 

10-14 663808 1025677 0.04351 844742 .2756 227598 1112756 H516476 54.99 14.68 54.20 58.31 
i-' 

15-19 544847 889316 0.04800 711081 .5069 230316 1190406 11403720 49.51 13.53 51.33 56.62 <A 
<A 

20-24 450096 687234 0.04232 568665 .7352 237656 1186156 10213313 42.98 11.21 45.54 53.06 
25-29 411245 542233 0.02765 416739 .9101 237069 1184535 9027156 38.08 10.13 42.83 51.32 
30-34 299241 413432 0.03232 356336 1.0601 221315 1028616 7842621 35.44 11.00 45.00 52.72 
35-39 264819 325951 0.02072 295385 1.1928 200234 973724 6814004 34.03 13.55 51.37 56.65 
40-44 201936 214193 0.03059 238064 1.3213 186602 892301 5840280 31.30 15.05 55.11 58.92 
45-49 163852 222363 0.03053 193107 1.4741 173561 843312 4947979 28.51 16.71 59.28 61.'0 
50-54 139072 191365 0.03192 165,na 1.6302 168677 843462 4104667 24.33 16.41 58.67 61.12 
55-59 102235 134775 0.02763 118505 1.1191 154558 702118 3261204 21.10 17.64 61.61 62.95 
60-64 94508 109715 0.01492 102111 1.S855 131502 672909 2559086 18.61 20.26 68.14 67.07 
65-69 63301 83370 0.02753 73338 1.9917 121032 537414 1886176 15.58 21.86 72.15 69.62 
70-74 45987 62651 0.03092 54319 2.1378 99809 460681 1348762 13.51 99.00 99.00 99.00 

75+ 75632 86152 0.01372 81192 2.3922 0 888081 888081 0.00 0.00 0.00 0.00 
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117. The right hand side of equat:ion (61) is a rat;io of two 
quantities. The denOminator is the number of mothers involved 
and the numerator a product of the mothers and their 
conditional probability of survival from age y at the time of 
birth of the child to age a+lI:, the age of mothers at the tillle 
of the census/or survey. The integral covers the reproductive 
age range 15-49. In general, it could have been 'stated from u 
to v where u and v are the start and end of childbearing in the 
society respectively. 

118. Equation (61) above can be expressed further in the form 
of l(~+B)/l(B) where A relates to the age of the respondent and 
B to the average age of mothers of ,children born in a 
particular time period. In fact, using models, Brass has 
developed Weighting factors such that the proportion of those 
with surviving mothers can be converted into conditional 
probabil'ities starting frolll age 25 to age 25+N where Ii is the 
,age of children. The conv~ting equation is 

1(25+N) 
------ a WIN) P(N-5,N-l) +[(l-W(N)]P(N,N+4» 
1(-25 ) 

( 62) 

where 1(25+N)/l(25) is the conditional probability, WIN) is a 
weighting factor dependent on age of child and mean 
age of mothers at birth of children, H, and P(N,N+4) is the 
proportion Of children with surviving mothers in age group N to 
N+4. N is the central age of two consecutive age groups. Par 
example, for respondents 5-9 and 10-1:4 age group, the central 
age N is equal to 10 years. The weighting factors ,WIN), for 
converting proportion of surviving mothers into life table 
survival probabilities from age 25 years are given in Table 
3.17. 

119. The mean age difference between mothers and children at 
the time of birth of the chtld is calculated from the 
distribution of births in a year by age of mother. If the 
number of children born in the last 12 months is given as B(i) 
for age group i, the mean age difference between mothers and 
children at the time of birth is given as: 

= 
7 
~ B( i) .X(i)/ 
i=l 

7 
1: B( i) 
i=l 

( 631 

where xli) is the mid-point of the age interval i. The index i 
take~ values 1, 2, •• , 7 for age groups 15-19, 20-24, •• , 45-49. 
Par H estilllSted from data on births in the last 12 months, half 
of a year is subtracted because the mothers are on the average 
half of a year younger at the time of birtb of the child than 
at the time of the census or survey. 
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Table 3.17 Weighting ~actors, WIN), ~or conversion of Proportions of 
Respondents With Mother Alive into Survivorship Probabilities 
for Females 

Age Mean age, M, for mothers at Maternity 

N 22 23 24 25 26 27 28 ~9 30 

(1 ) (2) ( 3) ( 4) (5 ) ( 6) (7 ) ( 8) ( 9) (10) 

10 •••• 0.420 0.470 0.517 0.557 0.596 0.634 0.674 0.717 0.758 

15."". 00418 0.489 0.556 0.618 0.678 0.738 0.800 0.863 0.924 

20" " .. " 0.404 0.500 0.590 0.673 0.756 0.838 0.921 1.004 1.085 

25 .. """ . 0.366 0.485 0.598 0.704 0.809 0.913 1.016 1.118 1.218 

30"" " " 0.303 0.445 0.580 0.708 0.834 0.957 1.080 1.203 1.323 

35 •••. 0.241 0.401 0.554 0.701 0.844 0.986 1.128 1.270 1.412 

40 •••• 0.125 0.299 0.467 0.630 0.791 0.950 1.U1 1.274 1.442 

45 ••.• 0.007 0.186 0.361 0.535 0.708 0.884 1.063 1.250 1.447 

50" • " " -0.190 0.017 0.158 0.334 0.514 0.699 0.890 1 .. 095 1.318 

55 •••• -0.368 0.220 0.059 0.101 0.270 0.456 0.645 0.856 1.063 

60 •••• 0.466 0.352 0.217 0.084 0.053 0.220 0.378 0.579 0.800 

Estimation equation: 

1(25+N)/1(25)=W(N).P(N-5,N-l)+(1-W(N).P(N,N+4) 

Source: ' United Nations. (Manual X). Indirect Techniques for De~ographic 
Estimation. population Studies of the United Nations, No.81. 
ST/ESA/SER.A/81 •. New York. p.103. 
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120. One advantage of equation (62), is its smoothing' 
characteristic. Once the conditional probabilities are 
estimated, an abridged life table begining at age 25 can be 
estimated. Otherwise, using models, the conditional 
probabilities can be converted into levels of mortality or 
expectations of life at birth or any other age. In addition, a 
complete life table can be generated by splicing together 
results from childhood mortality from children dead among ever 
born and adult mortality from survival of mother. 

121. Another method of converting proportions of persons with 
parent alive into standard indices of mortality has been 
devised by the United Nations (1983). But since experience 
suggests that the Brass-Kill method gives better results for 
ages of children less than 30, the application of the technique 
will be demonstrated for the former and not the latter. 

122. The orphanhood method suffers from some problems. The 
first problem relates to the young ages. Invariably, the 
orphanhood data for children under 15 implies unrealistically 
very low mortality levels which are usually explained by what 
is called the "adoption effect" ie. the failure to 
differentiate between foster parents and true parents. In 
addition there is another problem with the data. While mothers 
with large number of surviving children are reported as many 
times as there are surviving children, the childless and those 
with few surviving children are not well represented. Another 
common problem is that male and female children reporting about 
their parents give different proportions of survivng parents. 
The proportion orphan are higher for females than for males of 
the same age. such a differential could be explained if the 
ages of males are eXaggerated relatiVe to the ages of females, 
or if the sex ratio at birth declines with age of mother. 
usually it is prefered to use data for both sexes combined when 
estimating the mortality level. 

123. To reduce the effect of multiple reporting due to many 
surviving children by some women, suggestions were made to 
address the questions to the first-born or the eldest surviving 
child. Unfortunately the results were not successful. The 
plausible reason is the confusion as to who is the first-born 
or the eldest surviving child especially in the African context 
where once again polygyny is substantial and child birth not 
restricted within marriage. 

124. The problem of timing was tackled by Brass and Bamgboye 
(1981) Their procedure helps to estimate the time period (t) 
to which each estimate of l(B+N)/l(B) would refer prior to the 
censuses or survey on the assumption that mortality has been 
changing in a regular fashion. In addition to the linear 
decline in mortality change, an assumption is also made that 
the pattern of change conforms to a one parameter ·logit 
life-table system. In practise, it is evident that the ts are 
sensitive to changes in the age pattern of mortality but that 
they are much less affected if the other assumptions are 
violated. T9 appreCiate the trends in mortality, it will be 
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necessary to relate each estimate of l(B+N)/l(B) to an 
equivalent standard index of mortality such as the implied 
level of mortality, the expectation of life at age five, the 
chance of surviving to age sixty ie., 1«60)/1(B), etc. 

An Illustrative Example of Orphanhood Method to Kenya 1979 
census Data 

125. The data requirements are: 

(1) the total population by age (2) Those with mother alive by 
age and (3) number of women by age group in the reproductive 
ages. In addition the total number of births in the 12 months 
preceeding the survey by age of women is also needed. Let 
N(x,x+4) and MS(x,x+41 be the total number of respondents and 
those with surviving mothers respectively in the same age group. 

step 1: The proportion with surviving mothers, P(x,x+4), is 
calculated using the formula 

P(x,x+4) = MS(x,x+4)/N(x,x+4) 

In the case of Kenya, the proportion with surviving mothers is 
given in column 2 of Table 3.18. 

Step 2: For the 12 months preceeding the survey, the number of 
women who had births by age was given as 

Age Group 
x-x+4 15-19 20-24 25-29 30-34 35-39 40-4~ 45-49 Total 

No. of Women 
~(x,x+4) 87343 181078 149275 93286 56204 24836 9234 601256 

If we assume that each woman had only one birth in the 12 
months preceeding the census, the \N(x,x+4) will equal the 
B(X,x+4) defined above. The mean age difference between 
mothers and children at the time of birth is thus: 
M-[(17.5xS1343+22.5xlSl01S+ ••••• 47.5x9234)/601256j-0.5 = 26.7 

step 3: Using M = 26.7, weighting factors (W(N», were 
computed from Table_3.11 developed for this purpose by_Brass. 
Sinc~ the computed M = 26.7 lies between table values M = 26 
and M = 27, linear interpolation with weights 0.3 and 0.7 
resepctively will give the required multiplier. For instance: 
For central age N = 20, 1'1(20) = 0.3xO.756+0.7xO.838 - 0.813 
Similarly, the Weighting factors for other central ages were 
computed and the results entered in column 4. 

Step 4: The conditional 
equation (62). For example, 
1(25+15)/1(25) = 1(40)/1(25) 

probabilities are computed using 
For N = 15, 

0.720 x 0.974 + 0.280 x 0.950 
= 0.967 
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Column 6 shows the conditional probabilities for N=lO to N=50 
which are similarly computed. The corresponding levels in the 
Coale-Demeny North Family are given in column 7. 

126. It can be seen that the implied "levels decline from a 
level of 21.3 for the 5-9 to 14.4 for the 45-49. The 
impression given is that adult mortality has been on a 
decline. Whether this implied trend is a fact or an artefact 
is difficult to say. What can be said for certain is that the 
level of mortality in Kenya as implied by children under age 25 
appears to be too light to be believed. The lighter mortality 
of the younger age group children is likely to be due to 
misconceptions arrising from failure to distinguish between 
foster and true biological mother. 

----------------------~.---------------------------------------------~;' 



Table 3.18: An Application of the Orphanhood Method of Estimating Female Adult 
Mortality Using 1919 Census Data of Kenya 

Proportion Central Conditional Corresponding 
Age with Mother Age Weighting Factors Probabilities Levels on the 

Group Alive II 1(11+251 lIorth Model 
x-x+4 P(x,x+4) W(II) (l-W(II) ) 1(25) 

1 2 3 4 5 6 1 

5-9 0.985 10 0.623 0.311 0.981 21.3 
10-14 0.974 15 0.720 0.280 0.967 20.9 
15-19 0.950 20 0.813 0.187 0.941 :20.0 
20-24 0.904 25 0.882 0.118 0.898 18.6 
25-29 0.852 30 0.920 0.080 0.845 17.6 
30-34 0.759 35 0.943 0.057 0.754 15.7 

'"' 35-39 0.678 40 0.902 0.098 0.666 15.3 a. 
'"' 40-44 0.555 45 0.831 0.169 0.536 14.5 

45-49 0.445 50 0.644 0.356 0.395 14.4 
SOr54 D.30S 55 
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BSTlMATIOI OP PBRTILI~Y 

4.1 Introduction 

1. Estimation of current level and future t,rends in 
fertility forms an important element in demographic studies. 
Better estimation of levels, differentials and trends in 
fertility in sub-saharan Africa can be made with the 
information available now than ten or fifteen years ago. 

2.. In sub-Saharan Africa, registration of vital events is 
mostly non-existent and in most cases where it exists the 
results are not uSEoful. For this reason methods of estimating 
fertility using registered births is not dealt with here. 

3. This leaves censuses and single round surveys (and a few 
mult.iround surveys especially in Francophone countries) as the 
main source of fertility data. Many countries in Africa have at 
least two censuses and more countries will have at least two 
censuses in the future. Thus the data Situation in quantitative 
terms is much better now than what it was some twenty years 
ago, but in qualitative ~erms there are still a number of 
problems, and probably many of them will be inherited into the 
nineties. 

4. Since the sixties with the publication of 'The Demography 
of Tropical Africa' (Brass et aI, 1967) and the United Nations 
Manual IV (United Nations, 1967), the indirect techniques of 
fertility and mortality estimation have become popular and 
these have filled a certain gap in the methodology of 
estimation of vital rates in the less developed countries. The 
recent united Nations Manual x (United Nations, 1983) has 
updated and augmented many indirect estimation techniques. The 
original methods have been modified or improved upon and new 
methods have also been developed but the type of the data 
collected more or less remained the same. consequently, it 
appears that any further improvements in the estimation of 
fertility and mortality can be achieved by improvements in the 
quality and quantity of data than by sharpening the existing 
indirect techniques. Further, as many aspects of population 
change with time including vital rates, these methods become 
less effective. Pleas for better data collection 'and improved 
methOds have been voiced in almost all major population 
conferences. 

5. While direct estimates of crude birth rate and age 
specific fertility rates are possible from census or survey 
data, most often these estimates turn out to be gross 
underestimates to be of any use for serious work. Therefore, 
efforts are made to adjust these rates in a number of ways. 
Some use the post-enumeration survey and others use an estimate 
of the completeness of vital registration to deduce the 
correction factor. The most commonly used approach to obtain 
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fertility rates in the context of developing countries in 
general and African countries iii particular is the indirect 
measurement of fertility. 

6. The indirect techniques of estilllllting fertility can be 
broadly divided into two categories. In the first category all 
methods discussed use the retrospective data on the aean nuaber 
of children ever born (lINen) and births during the last year 
(SLY) by age of the surveyed wOlDen. These data are used to 
yield adjusted estillllltes of current age specific fertility 
rates (ASFR) and the total fertility rate. The Brass P/F ratio 
method, which is well known, has been found to be very useful 
not only as a consistency check but also ,in soae cases, as' a 
method of adjusting current fertility level. Recent work of 
Brass using 'relational Goapert~ model' (RGM) to estilllllte total 
fertility rate using the same type of data has also been 
tried in some African countries. These methods are discussed 
under group A methods. 

7. In situations where data are available for two points of 
time seperated by approximately five or ten years the method of 
hypothetical cohorts developed by Zlotnik and Bill (1981) can 
be used to derive the parity and current fertility data for the 
period between the two points of time. The methods described in 
group A can be directly applied to the data obtained for 
hypothetical cohorts and estimates of recent fertility can be 
derived. These methods are discussed under group B. 

8. In the second category, sex-age distributions of a 
population .along with information on the rate of growth or a 
life table available at a point of time are used to estilllllte 
the crude birth rate or gross reproduction rate. Assumptions on 
stability are made in many cases. But methods are also 
avail.abl.. for adjusting stable eat1_tes of fert11.ity to take 
care of declines in mortality (quasi-stability), and also 
change in fertility. These are discussed under group c methods. 

9. In cases where two or more census sex-age distributions 
are available. recent work of Preston (1983) using generalized 
stable population equations can be used. These techniques are 
dealt with under group D methods. Table 4.1 lists the methods 
under each of these groups. 

10. All the methods listed in groups A to D are applied to 
many sub-Saharan African countries and inferences on fertility 
levels and patterns are made. In the recent United Nations 
Manual X (United Nations, 1983) the indirect techniques of 
fertility estimation are exhaustively and clearly described. 
Tberefore only outlines of the selected methods are given in 
section 4.2. Also a brief review of the problems encountered 
in applying the methods ill presented. A discussion of the 
estimates of fertility derived using various methods for some 
African countries is also given. 

______________________________ -'11_
1 



- 169 -

Table 4.1 Summary of Methods of Estimating the Level of Fertility 

Main Method of Estimation Data Required Fertility 
.!n>.!. _____________________ .,.,M"'e=a=su"'r"'e"'s"-__ _ 

A 

B 

A.I Brass P/F Ratio 
Method 

A.2 Brass Relational 
Gompertz Model 
with pi/Pi+l 

A.3 Brass Relational 
Gompertz Model 
with Fi/Fi+l 

B.l computation of 
Hypothetical 
Cohorts 

B.2 zlotnik-Hill 
Method for Hypo
thetical Cohorts 

B.3 Brass Relational 
Gompertz Model 
for Hypothetical 
Cohorts using 
Pi/PHI 

B.4 Brass Relational 
Gompertz Model 
for Hypothetical 
Cohorts using 
Fi/Fi+l 

MNCES and BLY at a 
point of time 

KNCEB and BLY at a 
point of time 

KNCES and BLY at a 
point of time 

KNCES at ..1:.!!2 points 
of time 

KNCEB at ..1:.!!2 points 
of time 

KNCER at ..1:.!!2 points 
of time 

KNCEB and BLY at .!!!2.... 
points of time 

Adjusted ASFR 
and TFR 

Adjusted ASFR 
and TFR 

Adjusted ASFR 
and TFR 

Hypothetical 
parity 
Distribution 

ASFR for inter
survey period 

Adjusted inter
survey ASFR and 
TFR 

Adjusted inter
survey ASFR and 
TFR 
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C C.l Reverse Survival Sex-age distribution Crude Birth 
Method for five and a life table or Rate 
year age groups rate of growth. 

C.2 Reverse Survival Sex-age distribution Crude Birth 
Method for cumu- and a life table or Rate 
lated population rate of growth. 
by age. 

C.l U.N Manual IV Sex-age distribution Crude Birth 
Method and a life table or Rate 

rate of growth. 

c.ol Coale Method proportion under age 15 Crude Birth 
using CUS) and for both sexes, an Rate 
1S estimate of 15 and 

inteccensal rate of 
growth. 

D D.1 Method of using Sex-age distributions Crude Birth 
C(15), 15' for two recent Censuses Rate 
and intercensal and estimate of 15' 
age specific 
rates of growth 
by preston-Coale 
equation. 

D.2 preston Sex-age distributions Crude Birth Rate 
intergrated for two recent censuses and an est1Jaate 
Method and estimate of 15' of adult IIOrta-

lity 
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4.2 METHODS OF ESTIMATING FERTILITY USING DATA ON MNCEB, BLY 
AND SEX- AGE DISTRIBUTIONS 

4.2.1 METHODS OF ESTIMATING FERTILITY USING DATA ON MNCEB AND 
BLY: 

11. Estimation of TFR has been achieved by various methods. 
Coale and Demeny ( United Nations, 1967) suggested on the basis 
of empirical data that period TFR may be approximated by 
(P3)2/P2 where P2 and P3 are parities for age groups 
20-24 and 25-29 respectively. Brass showed that in cases where 
Gompertz function is appropriate , that is whenever 
P2(P4/P3)4 is less than (P3)2/P2 ,the smaller 
quantity will be a better estimate of TFR (Brass 1980). Coale 
and Trussell (1974) have also developed a three parameter model 
for the age specific fertility which is a combination of two 
seperate models of nuptiality and marital fertility rates. But 
the fitting of this model to data is involved and is not dealt 
with here. 

12. Brass developed a very useful device of comparing 
lifetime fertility to cumulative current fertility and the 
ratio of the two, under certain assumptions, is used as a 
correction factor for the current fertility estimate. This 
method known as the P/F ratio method will be discussed first 
before proceeding to the fitting of the relational Gompertz 
model. 

A.l - Brass P/F Ratio Method and variants 

13. This method is based on the following assumptions: 
(a) fertility for the population under study remained 

constant fo~ sometime in the past, (b) the reported number of 
children ever born for women in the early ages, say, 15-35 is 
more or less accurately reported, and (c) the reported number 
of births in the last year may suffer from errors resulting 
from inaccurate perception 'by the respo~dents of the reference 
period , but these errors are invariant with age. 

14. The last assumption (c) implies that the reported age 
specific fertility rates based on data on BLY may underestimate 
or overestimate the level of fertility but their age structure 
is correctly reported. This assumption has not been verified 
empirically in any study but is accepted on intuitive grounds. 
The failure of the P/F ratio method in the case of some 
Anglophone countries may be attributed to the violation of this 
assumption (Blacker,1979). 

15. The first assumption (a) in certain 
at least indirectly. Assumption (b) 
reasonable for the early ages of women. 

cases can be verified 
is believed to be 
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16. under the assumption of constant fer,tl1ity the cUBIIllated 
current fertility upto a certain age x, (Fx)' which is 
deduced from data on BL:l, should be equal to the lifetime 
fertility (KNCEB) to the same age x, (Pxl. Any difference 
between the two can be attributed to the errors that are 
normally present in the data on KNCEB and BL:l. Thus any 
deviation of pip ratio from unity for various age groups can be 
taken as an indication of the presence of errors in the data. 

17. What the Pip ratio method does is to use the age 
structure of the fertility depicted by current fertility data 
on BL:l, which by assumption (c) is reliable, and compare it or 
adjust it, with the data on KNCES by age of young women. In 
otherwords, the most reliable pieces of information froll the 
current and lifetime fertility data are combined to yield an 
adjusted current fertility estimate. 

18. As most data on MNCEB and BLY are not provided by single 
year ages but by five year age groups, comparison of lifetime 
and current fertility rates is not straight forward. por 
instance, KNCES for women in the age group 20-24 refers to the 
mid-point 22.5 years, whereas cumulated current fertility for 
the age group 20-24 refers to the end of the age-group, namely 
24.5 years. Further, as current fertility data are based on 
questions on BLY, the age of the women at the time of the 
occurrence of birth is on the average six months less. A set of 
multipliers (Table 4.2) to derive comparable parity equivalents 
from current fertility rates were first derived by Brass and 
later by Coale and Trussell (Table 4.3) (Dnited Nations ,1983). 
For ages above 20 the various multipliers give almost the same 
result. With the help of these multipliers it is possible to 
obtain parity equivalents of current fertility ra~es (Pi) 
which can be compared with tbe lifetime fertility data (Pi)' 
Tables 4.4 and 4.5 illustrate the applicat10n of the methods to 
the data of Swaz1land (1976). 

$ 
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Table 4.2 Multiplying factors for estimating the average value 
over five-year age groups of cumulated fertility (Pi) 
according to the formula Pi - ;i + ki fi (when 
fi is for ages 14.5 to 19.5, 19.5 to 24.5, etc) 

Exact limits 
of 

age interval 

15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 

_ f1/f2 
m (years) 

Soureze: 

1.120 1.310 1.615 1.950 2.305 
2.555 2.690 2.780 2.840 2.890 
2.925 2.960 2.985 3.010 3.035 
3.055 3.075 3.095 3.120 3.140 
3.165 3.190 3.215 3.245 3.285 
3.325 3.375 u.435 3.510 3.610 
3.640 3.895 4.150 4.395 4.630 

.036 .113 .~13 .330 .460 
31.7 30.7 29.7 28.7 27.7 

Brass at a1 1967, p. 94 

2.640 
2.925 
3.055 
3.165 
3.325 
3.740 
4.840 

.605 
26.7 

2.925 
2.960 
3.075 
3.190 
3.375 
3.915 
4.985 

.764 
25.7 

3.170 
2.985 
3.095 
3.215 
3.435 
3.150 
5.000 

.939 
24.7 



Table 4.3 

Age group 
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Coeffioients for interpolation between cumulated 
fertility rates to estimate parity equivalents 

Index 
i 

( 2) 
aUI 
( 3) 

Coefficients 
b(1) c( 1) 
(4) (5) 

(a) Fertility rates oalculated fr~ births in a 12-lIIOnth 
period by age of mother at end of period 

15-19-40-44 1-6 3.392 -0.392 
45-49 •••••• 7 0.392 2.608 

15-19 •••••• 1 2.531 -0.188 0.0024 
20-24 •••••• 2 3.321 -0.754 0.0161 
25-29 •••••• 3 3.265 -0.627 0.0145 
30-34 •••••• 4 3.442 -0.563 0.0029 
35-39 •••••• 5 3.518 -0.763 0.0006 
40-4 ••••••• 6 3.B62 -2.481 -0.0001 
45-49 •••••• 7 3.828 O.016a -0.0002 

(b) Fertility rates oalculated from births 
by age of mother at delivery 

15-19-40-44 1-6 2.917 -0.417 
45-49 •••••• 7 0.417 2.083 

15-19 •••••• 1 2:147 -0.244 0.0034 
20-24 •••••• 2 2.838 -0.758 0.0162 
25-29 •••••• 3 2.760 -0.594 0.0133 
30-34 •••••• 4 2.949 -0.566 0.0025 
35-39 •••••• 5 3.029 -0.823 0.0006 
40-44 •••••• 6 3.419 -2.966 -0.0001 
45-49 •••••• 1 3.535 0.007a -0.0002 

a This coefficient should be applied to f(i-1), not f(1+1), 
that is, to f(6) instead of fiB). 

Source! United Nations, 1983, p. 34 

~----------------------~----------------"'I"'''I'' . 
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Table 4.4 P/F ratio method of adjusting current fertility 
estimates, Swaziland 1976 

Age 
group 

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

Brass Method 

Reported 
i parity (Pi) ASPR 

(KNCEB) f1 t. Ki Pi PilPi 

(1) (2) (3) (4) (5) {6) (7) 

1 .325 .ll7 () 2.307 .210 1.20 
2 1.652 .254 .585 2.890 1.319 1.25 
3 3.211 .246 1.855 3.035 2.602 1.23 
4 4.667 .209 3.085 3.091 3.731 1.25 
5 5.609 .159 4.130 3.210 4.640 1.20 
6 6.124 .092 4.925 3.423 5.240 1.17 
7 6.258 .055 5.435 4.099 5.610 1.12 

a) Col. (4) is compiled from (3) by the relation 
;1 = 5 rfs for s .. 1 to 1-1. 

b) Col. (5) Is interpolated from Brass Multipliers (Table 4.2) 
using fl/f2 .. 0.461 and m - 29.4 as arguments. 

cJ Col. (6) is obtained from col. (5) and col. (4) by the 
relation Pi .. ~i + Kifi' 
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Table 4.5 Coale and Trussel Method, Swaziland 1976 
(UN Manual X method) 

i Reported 
Age parity (Pi) ASPR 
group (KNeES) fi ;~ Fi Pi/Fi 

(1) (2) (3 ) (4 ) (5) (6) 

15-19 1 .325 .117 .585 .262 1.24 
20-24 2 1.652 .254 1.855 1.334 1.24 
25-29 3 3.211 .246 3.085 2.609 1.23 
30-34 4 4.667 .209 4.130 3.731 1.25 
35-39 5 5.609 .159 4.925 4.623 1.21 
40-44 6 6.124 .092 5.385 5.143 1.19 
45-49 7 6.258 .055 5.660 5.597 1.12 

Notes: a) Col. (4) is obtained from col. (3) by the relation 
t1i" 5 I. f s for s .. 1 to L 

b) Col. (5) is obtained by the relation 
Fi .. ~i-l + ali)fli) + bli)f(i+l) + eli) P(7) 

where the coefficients a(1), b(i) and eli) are obtained 
from Table 4.3 
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A.2 and A.3 - Brass Relational GOmpertz Model 
(Parity and cumulated fertility situations I 

19. The Gompertz function has been used by many authors to 
represent the cumulative fertility of a population. The 
function is 

)( 

F(x)/F • AB, where F(x) is the cumulative fertility 

by age x and F is the total fertility rate by the end of 
reproductive life. A and B are constants and lie between zero 
and unity. The F values can be taken as cumulative fertility 
derived from age specific rates or parity data. The above 
function can be reduced to a linear function of age by taking 
logarithms twice as shown below 

Y(x) - -In [-In(F{x)/FI) • a+bx ••• (1) 

20. As it stands the lQPdel represents the fertility pattern 
sufficiently well but more efficient methods are deviced 
especially to improve the fit at the extreme ages of 
reproductive life. This is done by transforming the age scale. 
In the transformed system Y(xl values of various populations 
are Ulated to one another and hence any population could be 
chosen as a standard against which others could be compared. As 
we are not sure that the Gompertz model represents the 
fertility pattern exactly, a model pattern is chosen such that 
the deviations of the real populations from linearity are 
minimized. Such a standard was developed by BOoth ( 1984) based 
on coale and Trussell models of fertility. If Ys(x) are 
standard values then we have the relational Gompertz model 

Y(x) " a+bYs(x) ••• ( 2) 

where a and b are constants that reflect the pattern of 
fertility of the particular population. The actual fitting of 
the above equation can only be done when the value of F is 
known-- which in fact is to be estimated. 

21. Brass suggested an alternative fitting procedure using 
Z(x), instead of Y(xh which circumvents the knowledge of F. 
TWO procedures are indicated • In one, the Gompertz parameters 
are estimated using parity data, whereas in the second, both 
lifetime and current fertility data are used. The Z values are 
defined as; 

Z( i) " -In ••• (J) 

Z(x) .. -In ... (4) 

where i (·1,2, •••• ,7) refers to the five year age groups and x 
(-20,25, ••• 50) refers to age. 
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22. The estimates of a and b are obtained by fitting the 
approximately equivalent relations: 

Z(i) -ei - a' +b' gi ••• (5) 

Z(x) -ex - a' +b' gx ••• (6) 

where Z(i) and Z(x) are as defined earlier. The values of 
ei,e"gi and gx are based on the standard 
fert1lity schedule chosen and are given in Table '.6. The 
application of the method for the data from Swaziland is 
illustrated in Tables 4.7 and 4.8. 

8.1 - lntersurvey Fertility Estimation Using HyPOthetical 
Cohorts 

23. Use of one point data on lifetime fertility and 
cumulative current fertility gives an idea of internal 
consistency and in some cases enables us to adjust the current 
fertility level. But this can be viewed as a static situation, 
because the method assumes a constant fertility or a steady 
state. If we have • comparable' data on MNCEB and BLY for two 
points seperated by five or ten years then we can obtain a 
hypothetical parity distribution based on the fertility 
experience of the women between the two dates. These two rates 
can then be compared as in the conventional piP ratio method. 
One of the advantages of this method is that fertility between 
the two l'oints of observation is used to derive the 
hypothet'ical parities and this is compared with the cumulated 
fertility which is also derived on the fertility experience of 
the same period. Hence even if fertility has changed moderately 
the method is expected to per.form well unlike methods A.I to 
A.3. 

24. The method ,however, requires us to assume that the 
fertility experience of those women who die or migrate between 
the two points of time is not different from that of the 
survivors. The other important assumption, which is very 
crucial for the method is that the completeness of reporting 
births and accuracy of age reporting are of the same magnitude 
at both the points of time. In Africa it is this assumption 
that may not hold and results may be unsatisfactory on account 
of this. 

25. It is not necessary that data for both the points come 
from surveys or censuses.Por this reason the word 'survey' is 
used in this method in the broader sense to include census as 
well. 

26. If We denote by P(i,1),P(i,2) and P(i,h) the parities of 
women in the ith age group for the first survey, second survey 
and hypothetical cohort respectively then we have for surveys 
seperated by five years: 

~----------------------------------------------------------------~~I'~ 
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Table 4.6 standard values for Brass Relational Gompertz Model 
Table A 

Age elx) gl x) 

15 .9866 -2.3138 
20 1.3539 -1.3753 
25 1.4127 -.6748 
30 1.2750 .0393 
35 .9157 .9450 
40 .3966 2.3489 
45 4.8097 

Table B 
Standard values for cumulated fertilities and their 
ratios with half year shifts 

Age X Fs(x)/F Ys(x) elx) g(x) 

14 1/2 .0018 -1.8444 .9760 -2.4020 
19 1/2 .1151 -.7712 1.3364 -1.4501 
24 1/2 .3528 -.0410 1.4184 -.7430 
29 1/2 .5869 .6294 1.2978 -.0382 
34 1/2 .7795 1.3897 .9670 .8356 
39 1/2 .9192 2.4736 .4509 2.1649 
44 1/2 .9889 4.4984 .0462 4.4564 
49 1/2 .9999 9.3416 

Table C 
Standard values for mean parities and their ratios 

Age i P1/F Ys(i) a( i) g( 1) 

10-14 0 .0004 -2.0545 1.0632 -2.6447 
15-19 1 .0528 -1.0787 1.2897 -1. 7438 
20-24 2 .2551 -.3119 1.4252 -1.0157 
25-29 3 .4956 .3538 1.3725 -.3353 
30-34 4 .7064 1.0569 1.1421 .4391 
35-39 5 .8678 1.9534 .7061 1.5117 
40-44 6 .9676 3.4130 .2763 3.2105 
45-4!./ 7 .9977 6.0557 

Source: Brass 1981, p. 360 



Table 4.7 Fitting Brass aelatioaal Gompertz model to retrospective fertility data, 
Swaziland 1916 

i MNCEB Pi :I:(1)-e(i) Pi 

Age (Pi) 1'1+1 Z( 1) eli) g(1) Ysti) Fitted l'i 
y(i) 

(1) (2) (l) ( 4) ( 5) (6) (7) (8) ( 9) (10) 

15-19 1 .l25 .1967 -.4862 1.2897 -1.7759 -1.7438 -1.0787 -1.0950 .0503 
20-24 2 1.652 .5145 .4086 1.4252 -1.0166 -1.0157 -0.3119 -0.2876 .2641 
25-29 3 3.211 .6880 .9836 1.3725 -0.3889 -0.3353 0.3538 .4157 .5169 
30-34 " 4.667 .8321 1.6939 1.1421 0.5518 0.4391 1.0569 1.1145 .7203 
35-39 5 5.609 .9159 2.4321 0.7061 1.7260 1.5117 1.9534 
40-44 Ii 6.124 .9786 3.8336 .2763. 3.5573 3.2105 3.4130 
45-49 7 6.258 

Notes: (a) Col. (4) is computed by the relation Zli) • -In [-In P1/Pi+11 

(b) Cols. (5) and (7) are copied from table 4.6 
(c) Col. (8) and Col. (9): the parameters a and b are estimated by the 

least squares method, using the first four values in Col. (6) as 
dependent variable values and those in Col. (7) as independent 
variable values. ror tbe example presented they turn out to be 
a • 0.0426 and b • 1.0545, so that Y(i) • 0.0426 + 1.0545 Ys (i). 
In Col. (8) Ys (i) values are taken from Brass (1981). 
The fitted Y(i) are computed accordingly and placed in Col. (9). 

(d) Col. (10) is computed by the relation P1/" • Exp [-EXp [-Y(l)JI. 
(e) Col. (11) - Col. (2)/Col. (10). 

l'i 

(11) 

6.5 
6.3 
6.2 
6.5 

,... 
CD 
0 



Table 4.8 Fitting Brass Relational Gompertz Model to current fertility data, Swaziland 
1976 

·cumuliltive 
Fertility 

Age Ii'x Fx z(x) e(x) z(x)-e(x) g(x) ys( i) Fitted p. 

( xl i Y(l) it Fi 
Fx+5 

(1) (2) (3) (4) (5) (6) (7) (8) (9) ('10) (11) 

20 1 .585 .3154 -.1432 1.3364 -1.4796 -1.4501 -1.0787 -1.0953 .0503 6.5 
25 2 1.855 .6013 .6760 1.4184 -0.7424 -.7430 -.3119 -.3431 .2443 6.8 
30 3 3.085 .7470 1.2319 1.2978 -0.0659 -.0382 0.3538 .3099 .4802 6.7 
35 4 4.130 .8386 1. 7371 .9670 0.7701 .8356 1.0569 .9997 .6921 7.7 
40 5 4.925 .9146 2.4161 .4509 1.9652 2.1649 1.9534 
45 6 5.385 .9514 2.9993 .0462 2.9531 4.4564 3.4130 
50 7 5.660 

Notes: (a) Col. (2) is obtained by multiplying by 5 the cumulated observed ASFR data of 
Swaziland • 

1976, based on births in the last year. 
(b) Col. (4) computed by using the relation Z(x) =-In (-In Fx/Fx+5) 

(c) Col. (5) and (7) copied from table 4.6 
(d) Col. (8) and Col. (9): the parameters a and b are estimated by the 

least squares method, using the first four values in Col. (6) as 
dependent variable values and those in Col. (7) as independent 
variable values. For the example presented they turn out to be 
a --0.0371 and b - 0.981, so that Y(i) • 0.981 Ys(i) - 0.0371. 
In Col. (8) Ys(i) values are taken from Table C of Brass (1981). 
using above relation, the fitted Y(i) are calculated and placed in 
Col.(9). The rest of the procedure is the same as in table 4.7. 

>-' 
00 
>-' 
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P(I,h)= P(l,2) ••• (7) 

P(2,b)= P(l,h) + [P(2,2)-P(1,1)] ••• (8) 

P(i,h)- P(i-l,h) + [P(i,2)-P(i-l,l] ••• (9) 
where i = 3,4, •• 7. 

If the surveys are seperated by ten years then we have: 
PIl,h)- Pll,2) ••• (10) 

PI2,h)= P(2,2) ••• (11) 

P(i,b)- P(i-2,b) + [P(i,2)- P(i-2,1)] ••• (12) 
where i = 3,4, ••• 7. 

27. It is not always practicable to have surveys seperated by 
five or ten years. However, if thE! fertility has not changed 
drastically during the inter survey period , and the interval is 
one or two years different from five or ten years, no 
correction is required (Zlotnik and Hill,1981). In Table 4.9 an 
illustration on the data from swaziland is given. 

B.2- Estimation of ASFR From Parities of Hypothetical Cohorts 

28. In method B.l we obtain the hypothetical parity 
distribution based on the intersurvey parity increments. It is 
possible to derive from these hypothetical parities the 
equivalent cumulati ve fertility rates ,F' , by suitable 
interpolation. This is the inverse process of obtaining 
equivalent cumulatiVe fertility to match parities ( method 
A.I). One method of interpolation used in Zlotnik and Hill 
(1981) and United Nations (1983) is given here: 

F'(i,h) = .9283 P(i,h) + .4547 P(1+1,h) - .0585 P(i+2,h) ••• (13) 
-.3245 P'ii-l,h) 
for i = I, 2, •• 5 and P'(O,h)-a 

P'(6,h) - .0209 P(4,h) -.5574 P(5,h) +1.0478 P(6,h) ... (14) 

+ .2869 P(7,h) + .2018 P'(4,h) 

F'(7,h) = 1.007 p(7,h) .. , (15) 

29. Once the cumulative age specific fertility rates ,F' are 
obtained, the ASFR can be deduced by successive subtraction. 
Table 4.10 gives an illustration using the data from Swaziland 
for 1976. 

30. The above procedure can be used even when we have one 
point data and obtain ASPR from parity data. These derived ASFR 
can be compared with those obtained from the data on BLY. This 
is an alternative way to the earlier p/F ratio of checking 
consistency of the lifetime and current fertility data. 

_ j " - f'~ , 
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Table 4.9. Computation of hypothetical cohorts for Swaziland, 
1966-1976 

Age i Parities Parities Inter- Parities of 
group p( i, 1) P(i,2) censal hypothetical 

increments cohorts 

(1 ) (2) ( 3) ( 4) (5) 

15-19 1 .3168 .3251 .32.51 
20-24 2 1.6589 1.6520 1.6520 
25-29 3 3.0126 3.2114 2.8946 3.2197 
30-34 4 4.1361 4.6665 3.0076 4.6596 
35-39 5 4.8499 5.6090 2.5964 5.8161 
40-44 6 5.4689 6.1240 1.9879 6.6475 
45-49 7 5.7451 6.2583 1.4084 7.2245 

Notes: a) Col. (4) obtined as P(i, 2)-P(i-2,1) for i = 3 ••••• ,7 

b) Col. (5): for i=l and 2 the values are copied from column 
(3)-see equations (10) and (11) of the text; for i=3, •••• 7, 

see equation (12) of the text. 

Table 4.10. computation of ASFR from the pari ty data of 
hypothetical cohorts for Swa~iland, 1966-1976 

Age 
group 

i 

( 1) 

15-19 1 
20-24 2 
25-29 3 
30-34 4 
35-39 5 
40-44 6 
45-49 7 

Parity data of 
hypothetical 
cohorts 

( 2) 

.3251 
1.6520 
3.2197 
4.6596 
5.8161 
6.6475 
7.2245 

Cumulated 
fertility by 
the end of age 
group F'(i,h) 

(3) 

.8645 
2.4444 
3.9741 
5.2916 
6.2819 
6.9613 
7.2751 

ASFR (i) 
(per woman) 

(4) 

.173 

.316 

.306 

.263 

.198 

.136 

.063 

Notes: a) Col.(2) obtained from Col.(S) of table 4.9. 

b) Col.(l) obtained by interpolation using equations (13) 
(14) and (15) of the text. 

c) Col.(4) obtained from Col.(3) as the difference 
between F'(i,h) and F'(i-l,h), divided by 5. 
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B.3 and B.4 Brass Relational Gompertz Method for 
Hypothetical Cohorts 

31. TWese methods are identical to those described in A.2 and 
A.3 except that the observed lifetime fertility will be 
replaced by inter survey hypothetical parity estimates obtained 
in B.l and the cumulative current fertility is based on the 
average ASFR for the inter survey period. 

4.2.2 METHODS OF ESTIMATING FERTILITY USING DATA 
ON SEX-AGE DISTRIBUTIONS: 

C.l - Reverse Survival Method 

32. In any population the persons aged 0-4 ,in year t, are 
survivors of births in the five years preceding the census. 
Similarly persons aged 5-9 are the survivors of births during 
(t-10) and (t-5) years. 

33. In the reverse survival method we project persons in 
given age groups backwards in time. For example, persons in 
the age group 5-9 at time t when projected five years and ten 
years backwards results in persons aged 0-4 at time (t-5), and 
births during the five yeaFs preceding (t-5). Once survival 
ratios are available for specific periods, reverse survl. vl.ng 
becomes easy. We are particularly interested in reverse 
projecting a population five or ten years backwards in time. 

34. It can easily be seen that 

... (16) 

where B{t-5,t) denotes births in the five year period (t-5,t), 
Sb(t-5,t) the survival ratio of births to age group 0-4 at 
time t and PO-4 the population aged 0-4 at time t. From this 
it follows : 

••• (17) 

and the right hand side of the equation can be calculated if an 
appropriate life table is available. In this case 

... ( 18) 

We get annual births by taking a fifth of the value obtained in 
equation(17), assuming that births are uniformly distributed. 

35. In order to obtain birth rate for the period (t-5, tj we 
need the mid-year population which forms the denominator. 
There are two ways of obtaining this. One is to reverse 
project all the age groups from time t to time t-5, and take 
the mean of the total populations at time t-5 and t. The 
second method is to use an estimated rate of growth of 
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population during (t-5,t) and use this rate of growth to obtain 
population at the year t-2.5. The birth rates by these two 
approaches can be written as follows: 

where T(t): Total population at time t. 

36. If we use rate of growth method we have to replace the value 
1/2[T(t)+T(t-5)] by T(tl Exp(-2.Sr) in the denominator of the above 
equation to obtain the birth rate. 

37. In case we are interested in obtaining crude birth rate based 
on persons aged 5-9 in the year t, we need to reverse survive them 
first to age group 0-4 at time (t-SI, which can be done as follows: 

••• (20 I 

The quantity SLS / SLo taken from an appropriate life table 
gives the survival ratio from age 0-4 to S-9 in equation (20). From 
the population aged 0-4 in the year (t-51 we can obtain births 
(t-lOI and (t-5) by using equation (161, leading to : 

B(t-lO,t-SI- PS-9 / (SLs/SLol(sLoiS 101 ••• (21) 

If the life tables for the periods (t-lO,t-S) and (t-S,t) are equal 
then SLo on the right hand side of the above equation will 
cancel out. 

38. The mid-year population during (t-IO, t-SI is obtained on the 
same lines as in the case for 0-4 age group discussed above, with 
the difference that in this case reverse projection is done two 
times. 

39. If the rafes of growth of the population during the periods 
t-lO,t-S and t-S,t are denoted by rl and ro then the mid-year 
population for the period t-lO,t-5 can be written as , 

••• (22) 

From equations (21) and (22) the birth rate based on population aged 
5-9 can be obtained. However, if we have two censuses separated by 
10 years, then the intercensal rate of growth , will replace rO 
and 'I' 

40. The application of the above methods require certain 
conditions to be satisfied. The most important assumption is that 
the reported proportion of populations aged 0-4 and 5-9 in 
particular are correct. Quite often this assumption is violated. 
The second assumption is the availability and 
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reliability of mortality data in the sub-saharan African 
situation. In most of tbe countries of· this region the main 
source of mortality is the Brass type indirect estimates. 
using these indirect estimates of 12' 13 and 15 a model 
life table can be selected on the assumption that the age 
pattern of mortality is known. However, it has been noticed 
that the estimates of birth rate are more influenced by the age 
pattern of mortality than over-all level. 

C.2 Reverse survival of Cumulated Populations 

41. The methods described above , namely, reverse survival of 
populations aged 0-4 and 5-9 are well known and are extensively 
used. However, it is possible to extend the logic to cumulated 
populations under age 10 or 15. Recent work of COale(1981) and 
(Venkatacharya and Tesfay Tek1u, 1981a) indicated that reverse 
survival of populations of both sexes under age 15 , using the 
life table corresponding to the Brass type of indirect estimate 
15 gave very robust estimates of birth rate. This can be 
written as:* 

... (23) 

whereC'US) is proportion of both sexes under age 15 at the 
second census, and r the intercensal rate of growth. The 
birth rate thus obtained refers to a point of time 7.5 years 
prior to the second census. rand Lo can also be used for 
both sexes. Computations can be made using either both sexes 
or one sex i.e females. Once C· (15) value for both sexes is 
taken as the proportion under 15, say for females, rand Lo 
can also be used for females only. 

42. Similarly, the birth rate based on proportion under age 
10, and a life table corresponding to the Brass type indirect 
estimate of 12 can be obtained as , 

h& - C'llO) EXp[ 5r J / 10Lo ••• (24) 
The above birth rate refers to tbe mid-census period. We will 
later come to the discussion of these methods. Table 4.11 
illustrates the application of the method for Swaziland. 

* Here C'(15) and C'(lO) indicate cumulated values upto ages 
15 and 10 respectively for the recent census. 

_________________________ -1·1-"'· 
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Table 4.11 Application of Reverse Survival Methods to Census 
data of swaziland (1976). 

!ll ! 21 13) !4} IS! 16} 
1966 survival 1971 survival 1976 Age 

Female ratios Female ratios Female Group 
POE' 1966-71 POE· 1971-76 Poj2. 

(4901S) ( 51196) Births 

36910 .85933 42123 .87214 44650 0-4 
.29635 .92500 34142 .93393 39340 5-9 
.23942 .96982 28741 .97322 33228 10-14 
20177 .91775 23409 .97985 28162 15-19 
14482 .97475 19668 .97685 22867 20-24 
13810 .97056 14056 .97290 19135 25-29 
10141 .96603 13341 .96878 13617 30-34 

9539 .96104 9746 .96423 12864 35-39 
6765 .95588 9118 .95923 9349 40-44 
5813 .95095 6433 .95421 8701 45-49 
4868 .94196 5476 .94541 60ao 50-54 
4220 .92452 4501 .92872 5086 55-59 
3434 .89458 3775 .90010 4051 60-64 
4155 .84505 2902 .85219 3217 65-69 
9165 .77065 3202 .77970 2263 70-74 

.52494 4811 .68085 75-79 
.42177 2029 80+ 

197056 225444 256821 

* The SU&vival ratios in columns (2) and (4) are taken from 
Coale-Demeny North model life tables corresponding to estimated 
levels of 12.65 and 13.65 respectively. 

43. From the reverse projection of table 4.11 we get, 

(a) Female births per year during 1971-76 - 1/5 (51196) = 10239 
Mid-year population for the period 1971-76 1/2 (225444 + 
256821) • 241133 
CBR based on 0-4 population (10239/241133) * 1000 = ~. 

(b) Female births per year during 1966-71 a 1/5 (49016) ~ 9604 
Hid-year population for the period 1966-71 a 1/2 
(197056+225444) = 211250. 
C.B.R based on 5-9 population = (9804/211250) * 1000 = ~ 

(e) Intercensa1 rate of growth 1966-1976 = .0301 (computed from 
census figures). 
Hid-year population for the period 1971-76 - 256821* 
Exp{-2.5x.0301) = 238204. 
C.B.R based on 0-4 population = (10239/238204) * 1000 =43.0 

(d) Mid-year population for. the period 1966-71 = 256821. 
EXp(-7.5 X.0.301). 

C.B.R based on 5-9 population - (9804/204922) * 1000 = 47.8 
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4.3 

44. It is well known to dell109raphers that a population which 
is closed to migration and is experiencing constant age 
specific fertility and mortality rates eventually attains a 
constant age distribution given by : 

cIa) ~ b E'xp[-a r I pIa) ••• (25) 

where the various letters used in the equation carry the 
conventional meaning. Such a population is known as a Stable 
population. When mortality gradually declines, without any 
change in fertility the population looses its stability and 
becomes what is known as a 'quasi-stable' population. It is 
observed that the age distrib~tion of a quasi-stable population 
is close to the age distribution of that stable population 
which has the same level of fertility and the current mortality 
level. 

45. Several methods of estimating fertility and mortality 
based on stable population theory are available. For a 
detailed description of these methods the reader should refer 
to ( United Nations , 1961; United Nations, 1983). In this 
chapter we briefly mention a couple of them. 

C.3- United Nations Manual IV method. 

46. In the United Nations (1961) Manual IV it is suggested 
that 'liven an age distribution of a population by sex and an 
estimate of its rate of natural increase, the fertility and 
mortality levels of the population can be estimated by matching 
the observed age distribution with that of an appropriate 
stable population. 

41. In sub-Saharan Africa it is very difficult to assume that 
the countries have been closed to migration, an assumption 
required for the application of stable population methods. In 
fact, most of the countries under study such as Ghana, 
Swaziland, Lesotho, Kenya, Malawi and Tanzania have in the last 
twenty or so years been either receiving or sending 
countries. In this study to reduce the effect of migration in 
most cases the female age distribution of those born in the 
country or de jure population is used. It is quite safe to 
assume that fertility in most sub-Saharan African countries has 
not substantially changed to vitiate stable assumptions. 

48. In the case of mortality , many countries have 
experienced declines in the past but further reductions in the 
most recent years appear to be sluggish or non-existent. 
However, a number of authors have sU9gested corrections to 
birth rates derived on the stable assumptions to take account 
of the declines in mortality. ( United Illations, 1961; 
Zachariah, 1910: and Abou-Gamrah, 1916). Some of these methods 
require the time when the mortality started to decline and the 
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magnitude of the decline. However, recent methods of 
estimating birth rates under nons table conditions renders these 
corrections unnecessary. These methods will be discussed in 
the subsequent sections. 

C.4 - Coale Method based on CllS) for both sexes and 15 

49. coale has observed that the birth rates of stable 
populations having the same proportion of population under age 
15 and the same level of mortality did not vary much 
irrespective of the family of model life table used. Based on 
this property coale suggested a robust birth rate estimate: 

be • bs Exp[ 7.5 (r - rs)l ... (26) 

where bs and rs are birth rate and rate of growth of the 
stable population, which is obtained by matching the observed 
proportion under age 15 (for both sexes) and observed 15' 

50. The logic behind the above adjustment is explained by 
Coale by treating the estimation of stable birth rate from 
CIlS) and 15 as a form of reverse survival method that gives 
an estimate of the average birth rate during the 15 years 
preceding the census. The persons under age 15 when reverse 
survived by life table survival ratios corresponding to 
estimated 15 lead to the births during the IS years preceding 
the census. '1'0 obtain the birth rate we need the denominator, 
namely, the person years lived during preceding 15 years. 
These person years lived are obtained by using the rate of 
increase r which diff~rs for a stable and a non-stable or 
observed population. For example, the person years lived in 
the stable population are obtained as Po Exp(-7.5 rsl and 
for tbe non-stable observed population as Po EXp( -7.5 r o ]' 
Tbe value 7.5 is the number of years before the census wbere 
the midpoint occurs and Po is the total current population. 
Thus the person years in the stable situation and hence the 
stable birth rate can be adjust,.d by the factor 
EXp(7.5(ro-rs )] to take care of the non-stable situation. 
For more details the reader should refer to Coale (1981) or 
United Nations (1983). Since bc is the average value for 
fifteen years prior to the most recent census date, t, and Is 
refers to the time about 6~7 years prior toT, be should be 
treated to refer to the time (t-7.5). 

51. Equation (26) is shown to be equal to the well known 
reverse survival method of obtaining birth rate from C· US), 
with a life table corresponding to 15' and r ( Venkatacharya 
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and TesfllY Teklu, 1987a). 
reverse survival method, 
"approximately equal to"): 

Denoting by ba ,the birth rate by 
we have (-.. is used to denote 

ba -- be - C'{IS) .Expl 7.5 r] / lSLo ••• (27) 

52. Equation(27) is simpler than equation(26) in that it does 
not contain stable para~eters bs and rs' This results in a 
certain amount of computational ease. However, the den~inator 
of equation, (27) contains lSLo. requiring the use of Model 
Life Tables , if a life table for the study population is not 
available. Further, simPlification of the above equation is 
made by exploiting the very high correlation between 15 and 
151.0 leading to 

by - C'I1S) Exp[7.S r] / lu + Vls] ... (211) 

where u and v are constants obtained by fitting a straight line 
between lSLo and 15 for variolls Model Life Table Families. 
Values of u and v are tabulated and presented in Venkatacharya 
and Tesfay Teklu (l987b, pll) and reproduced in table 4.12. If 
prior knowledge of the mortality pattern of the study 
population is available then the appropriate set of u and v can 
be used in equation (28). However,it has been observed that 
variations in the model life table families only result in 
minor changes in the estimated birth rate ( Coale, 1981; 
Venkatacharya and Tesfay Teklu, 1987b). Therefore, in the 
context of developing countries where one does not have a firm 
knowledge of the pattern elf mortality" the values of u and v 
that correspond to Coale and Demeny west model life tables can 
he used as they result in mini~um percentage error in the 
estimated birth rate. Thus, the following birth rate estimate 
which uses only r, C· (15) and 15 can he used irrespective of 
the true mortality pattern of the study population without any 
serious error in the estimated value ( Venkatacharya and Tesfay 
'/:ek1u, 1987 b): 

b'V" C'(IS) Exp[7.5 r] / I .365+14.6 lsI ... (29) 

sensitivity of birth rate : 

53. One of the advantages of equations (28) and(29) is that 
they per~it easily, to ma,ke sensitivity analysis of the birth 
rate for errors or changeS in the arguments, namely, 
C· US) ,15 and r. From equation (28) one can deduce that a 
change of lOOk' (i.e for 5' change k •• 05) in e'(lS) leads to 
lOOk' change in the estimated birth rate. In other words the 

-----u--------------------------------------"i1-., .. "I -
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Table 4.12. The values of u and v for various Model Life Table 
Families assuming a linear relationsbip between 
lSLo and 15' 

Model Life Table Family 

Coale-Demeny 

West 
Nortb 
East 
Soutb 

Uqited Nations (New) 

Latin American 
Cbilean 
south Asian 
Far Eastern 
General 

O.S.C.D 

Region A 
Region B 
Region C 
Region D 
Region E 

u 

.365 

.145 

.309 

.553 

.302 

.284 

.511 

.024 

.147 

.871 

.708 

.749 

.512 

.618 

v 

14 .599 
14.809 
14.663 
14.415 

14.691 
14.712 
14.475 
15.018 
14.851 

14.061 
14.246 
14.197 
14.451 
14.340 

Note: Except for Region A of O.B.C.D in all cases the R2 is 
equal to 0.9999. 
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birth rate estilllllte is as good as our observed C' (15). A lOOk' 
error in r leads to IOO[Exp(7.5rk)-la change in the estimated 
birth rate. A lOOk' change in 15 results in 

-100 II - ~-~-;~;:~-~~;;----j, 
in the estimated birth rate. In the case of 15 the change 
works in the opposite direction. Calculations made for some 
Asian and African countries indicate that a 5' change in each of 
C' (1S),r and IS , one at a time , leads to ahout S', 1.2' and 
-4.S' change in the estimated birth rate respectively. Two very 
interesting points emerge from this. (i) The robust estimate of 
birth rate is RIOre affected by changes in C' (IS) and 15' and to 
a lesser extent by changes in r. (H) The errors in C'(lS) and 
15 act in opposite directions thereby reducing the net effect 
on the birth rate in some situations. 

D.l Robust Birth Rate Estimate by Preston -Coale Equations 

54. Por a nonstable population , we have the folowing relation 
given by Preston and Coale (1982); 

"-
c(a,t) '" bn!t) ElIP[ - J r(x,t) dx J p(a,t) 

" 
... (30) 

Where bn(t) is the birth- rate of the observed nonstable 
population, r(x,t) are the age specific rates of increase of the 
population aged x and p(a,t) is the life table survival 
probability to age a, all referring to time t. In the 
application of the above equation to data of two successive 
censuses, c(a,t), r(x,t) and p(a,t) are taken such that t refers 
to the midpoint of the intercensal period. 

55. In the method suggested by Coale which was discussed in the 
previous section We have noticed that the robustness of the birth 
rate originates from the dependability of th.e three pieces of 
data C' (15) , 15 and r in that order of import;'nce. Taking 
advantage of this knowledge, we can use the Preston - Coale 
equation to estimate the birth rate using C(l5), IS and r(x) 
which should lead to a robust birth rate estimate. Here C( 15) 
denotes the person years ( both sexes ) lived under age IS 
centred at the midpoint of the two censuses. Dropping the 
subscript 't' we haVe from equation (30): 

f~ Ie ~ 

C(lS) ~ J cIa) da = bn f Exp [-1r(x)dx J pIa) da 
o •• 

-- bn ElIP l- 7.S rw J lSLo 

, .. 'I' 
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leading to : 
bn - C(lS) Exp[7.S rwJ I lSLo ••• (31) 

where 
r(x) refers to intercensal rate of growth, pta) to a life table 
corresponding to 15' and rw • (1/7.5) [S ro_4t2.S rS-9J. 
rO-4 and rS-9 refer to intercensal rates of growth for the 
age groups 0-4 and 5-9 respectively. 

S6. ~he equation(31) is very similar to equation(27) and has 
been found to give robust estimates for a number of sub-Saharan 
African countries. ~here are other variants of the above 
estimate, one of them which is likely to give better results is 
as follows: 

bOn - e(lS) EXp[ 7.5 r'wl I lSLo ••• In) 

where : 

r'w - (1/7.S) Ln I (Exp{-al) SLoIlSLo) 
+ Exp(-a2) tSL5/1SLo) 
+ Exp(-a3) (SLIO/lsLo)] 

and 2.5 rO-4 
S rO-4 + 2.S r5-9 
5 rO-4 + 5 rS-9 + 2.5 rlO-14 

S7. For a fuller disoussion of these estimates in relation to 
the earlier Coale estimates reference can be made to 
Venkatacharya and ~esfay ~eklu (1987a). It is very easy to see 
that equations parallel to (28) and (29) can be obtained in a 
straight forward manner from equations (31) or (32). 

S8. However, one important point should be mentioned here. 
~he estimates of the birth rates given by bn and bOn are 
applicable for the mid-point of the intercensal period or 5 
years before the second census when censuses are ten years 
apart; whereas be, ~, bv and b'v are applicable to a 
point of time 7.5 years before the second census. Unless the 
birth rate is nearly constant during the period under question 
these two sets of estimates will not be strictly comparable. 
~herefore, bn and bOn have a very useful property, namely, 
that they give birth rates for more recent period than the 
estimates like bC' 

59. ~hus using the same data as in preston integrated method, 
and also using the same basic equation we have obtained a 
robust estimate of birth rate. The results are presented below: 

e.B.R using equations (27), (28) and (29) 
Brass type estimate (using Multipliers of U.N Manual X, p 77) 
of IS = .7927 for both sexes; and IS for Females is .8106. 
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Also lSLo for females (North Family Model Life tables) = 
12.12604 where 10 = 1. 
Proportion of females under age lS in 1976 = .4S64 
Proportion of males and females under age lS in 1976 = .4776 
Using equation (27) 

C.B.R = [.4776 x Exp. (7.S X .0301) ] 112.12604] * 1000 
= 49.4. 

Using equation (28) for North family 
C.B.R =[.4776 x Exp.(7.S X .0301)] I (.14S+14.806 X .8106)X 1000 

s 49.3 

Using equation (29) 
C.B.R =[.4776 X Exp.(7.S X .0301)] 1(.36S + 14.6 X .8106)]XIOOO 

= 49.1 

D.2 Preston Integrated Method 

60. preston( 1983) approached the problem of estimating birth 
rate using equation (30) in a way different from the one 
indicated in the previous section. He suggested a method of 
estimating both birth rate and adult mortality simultaneously. 
The method can be briefly stated as follows 

61. We have from equat·ion(30), dropping t 
i>-

IIp(a) = b Exp[ -1 r(x) dx J I cIa) ••• (33) 
but pIa) can be written as: 

= ls Sp(a), where Sp(a) is the conditional 
probability of survival from age S to age a and 10 is taken 
as unity throughout this chapter, so that lS gives the 
probability of survival to age 5. Therefore equation (33) can 
be written as : .. 
1/5P(a) = lS b EXp[ - j r(x) dx] I cIa) ••• (34) 

o 

62. Further, for ages above S assuming that any life table in 
one Model Life Table family can be obtained by logit 
transformation of an arbitrarily chosen life table from the 
same family we have : 
l/sp(a) = eA [ SqS(a) 1 5pS(a) Jll + 1 ••• (3S) 
where sqS(a) and SpS(a) are taken from standard life 
tables • 

. ___________________ ~'-·-·---------"""II-I 



Table 4.13. Application of Preston inter grated method to Swaziland data, 1966-1976 

Person years Cumulated Anuualized 
Age Female Population Age 11 ved by each ASGR to Proportion 
group 

sN" specific age group beginning of inter- qd(X) 

growth during the of next censal PY 
Ix- 1966 1976 ratelASGR) inter-censal age group lived at p"S(x) 
x+5} Srx period each age 

(5PYx) 

(1) (2) (3 ) (4)" (5 )" (6)" (7)" (8)" (9)" (10)" 

00-04 32618 44896 0.03176 38469.77 0.0 
05-09 30627 39739 0.02605 34978.89 0.03176 0.03209 21.083 0.0 47.1(1) 
10-14 25136 33834 0.02912 29266.49 0.08753 0.02807 21.159 0.0450 48.8(2) 
15-19 19473 29201 0.04052 24007.90 0.08753 0.02328 21.990 0.0700 49.0(3) 
20-24 16433 23998 0.03787 19976.23 0.12805 0.01922 21.750 0.0976 49.7(4) 
25-29 16319 20208 0.02137 19198.41 0.16592 0.01668 20.739 0.1307 51.4(5) 
30-34 10851 14387 0.02821 12534.56 0.18729 0.01343 23.141 0.1105 51.9(6) 
35-39 10291 13470 0.02692 11809.06 0.21550 0.01064 25.373 0.2183 
40-44 7120 9168 0.03162 8374.46 0.24242 0.00882 26.754 0.2755 
45-49 6619 8988 0.03059 7744.36 0.27404 0.00704 28.617 0.3426 
50-54 5501 6285 0.01332 5885.89 0.30463 0.00596 29.009 0.4205 
55-59 3415 5195 0.04195 4243.15 0.31795 0.00443 36.513 0.5252 
60-64 3361 4138 0.02080 3735.S8 0.35990 0.00349 31.578 0.6794 
65+ 9472 9814 0.00355 9633.80 0.38070 

*Notes: 
Column (ol) Srx = In (SNx (1976}/SNx(l966}) I 10, where 5Nx is the population between ages x 
and (x+5). 
Column (5) 5PYx ~ [SNx(l976) - 5Nx(l966)] l[lO*Srx] 
Column (6) Sx = 1: Sri-S I for" • 10 I 15, ... ,and i - 5,10, .. (x-S) 
Column (7) C(x+5) a (SPYx + SPYx +5) II 10 times the total of values in column (50 
Column (8)[~/c(x) ].EXp[-S* Bx J 
COll.ltlll (9) q S(x)- [1 - p"S(xrJ. The values are obtained from Coale-Demeny North Model 
Col'~~(lOl Life Tables of Females withi expectation of life at birth equal to 30 years 

~m. It 18 obtaIned by Ilnear f t to data 1n columns (8) and (9). See text 
at equation (37) 

,... . ..., 
V1 , 
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For &ost practical purposes B can be taken as unity leading to: 

From equations (34) and (36) we bave 
IS Up! - Cr( x)dx l/c(a) 

• (l/b)+IK/b) !SqS(a)/sPS(a)] ••• (31) 

63. The left band side of the above equation involves known 
quantities. on the right .band side the quantity in the square 
brackets is also known, based on the standard model life table 
chosen. Thus equation(J1) expresses a linear relation between 
two known quantities, and tbe intercept of this line gives the 
reciprocal of birth rate and tbe ratio of tbe slope and 
intercept gives a measure of the level of adult mortality. 

64. on the left hand side of Equation(31) two quantities need 
some explanation as to bow tbey could be computed. Tbe 
integral in tbe exponent is evaluated by the method illustrated 
for the computation of ['w in equation (32). The quantity 
cIa) is the ratio of ath birth days to total person years 
lived between the ages a and a+5 during the intercensal period 
and is calcilated by the following method: 
First Calculate: 

[Popn. (a,a+5) in the 
second census] 

[popa. (a,a+5) in 
first census] 

PY{a, a+5) • ----------------------------------------------
rIa, a+S).b ••• (38) 

where r(a,a+S) is tbe age specific rate of growth for the- age 
group (a,a+S) during tbe intercensal period and h is the interval 
in years between censuses. We can tben obtain cia) as: 

py(a,a+s) + Py(a - 5,a) 
cIa) • ••• (39) 

10. (Total of Pi over all ages a) 

65. Equation (37) can be fitted by various mel<bods. Preston 
(1983) suggested the use of group mean method. The mean values 
for the ages in the range 10-30 and 35-55 can be used as two 
pairs of points to estimate the intercept and slope. In 'lable 
4.13 an application of this metbod is illustrated. 

06. Clear cut linear trend is not always perceivable in data 
sets that suffer from errors The other factor that may 
contribute to the lack of a linellr trend is the assumption that 
the mortality pattern of the study population belongs to a known 
model family and can be represented as a lO9it transformation of 
the standard from this family. 

61. Preston{1983) illustrated the application of the method to 
data from Korea and India. The SIllI\e method bas been applied to 
some sub-Saharan African countries (Venkatacharya and Tesfay 

--------------------------"11-'· 
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Teklu,198S). The results are shown in table (.t.1S) presented 
later. The aglft range chosen to fit the trend are taken as 10-30 
and 35-55. For the SUle dllta birth rlltes obtained by other 
methods described in the earlier section are nresented elsewhere 

,snd may be comoared. 

68. one other important point observed in dealing with rough 
dlltll is that the choice of the Ilge groups in the estilllation 
purpose by equation (37) affects the results. 

69. Preston (1983) in his study thoroughly investigated the 
sensitivity of his method to errors in the data. We clln 
suaaarize these briefly IlS follows: 

(Ill The choice of the points Ilt higher Ilges in the 
fitting of the trend by equlltion(3l) does not affect the birth 
rate seriously as it is mostly affected by the cluster of points 
at the younger Ilges, whose MIlO vlllue is Illllost invariant with 
respect to errors. 

(b) Differential completeness of the two censuses, if 
i~varillRt with age, does not affect birth rate seriously, but can 
affect estimated adult mortality seriously. 

(c) The most importllnt element that CIlR affect the 
estimation is the net migration. The effect of errors in the net 
llligration figures used in the estilllation of birth rate IlRd adult 
mottality depends on the _gnitude of the ereor IlRd the ages Ilt 
wbich tbis occurs --i.e young age or old age. If the errors 
occur in the age range 15-30 then the estimates are less affected. 

(d) Interestingly, the estilllation of birth rate is 
insensitive to omission of young children , say, aged 0-4. 
BOW!Ver, systeaatic overstatement of ages, especially at higher 
ages, affects adult mortality estimates. 

(e) Brrors in the pattern of mortality assumed will 
affect Ildult mortality esti_tion more than the birth rllte. 

(f) The errors in the estimated value of 15 are very 
ill(lOrtant for the esti_tion of the birth rllte. but not for the 
esU_tion of adult mortality. portuRlltely, in most developing 
countries 15 is found to be reliable. 

4.4 PROBLEMS IN THB APPLICATION 011' THB MBTHODS OP ESTIMATION 

4.4.1 Problems in data 
70. The IlPplication of piP rlltio method has heen repor"J!d to 

be successful in the cllse of Francophone African countries (Brass 
et al,1961,Page,197S) and some Latin American Countries 
(samoza,1981) but in the case of Anglophone African countries the 
results are different. Tbe reasons for the method being not very 
successful in these countries could be many, but only some of the 
ill(lOrtant ones are enumerated here. Tbe fdlure of the method to 
estiRte successfully the true level of fertility can be due to 
the violiltion of the bIlsic assumptions Ilnd/or deficiencies in the 
data collected. 
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71. All the lllethods described under group A assume constant 
l;ertility preceding the survey date 80 that both lifeti.e and 
current fertility are comparable. But in _ny developing 
countEies fertility is declining though in much of sub-Saharan 
Africa fertility is still likely to be constant. 

72. In the P/F ratio analysis the recOllllllendedP2/F2 
adjustJDent is based on certain assuaptions. It is assumed that 
wOllllln in the age group 20-24 rellleJRher the number of children 
borne by them sufficiently. accurately. hecause such wolllen will 
have only a IlllAll number of births that could have occurred in 
recent years reducill9 recall error. Further. as such women must 
have entered into reproductive life in recent years • they do not 
form a 'selective~ group. EVen if fertility had declined in the 
years preceding the survey date its effect on this group will be 
mini_I. Similarly the cUlllulative fertility 1'2 which is based 
on women in the age range 15-25 is assumed to have only such 
errors that will have no effect on' the age structure of current 
ASFR. In some situations these assuaptions _y not bold and it is 
difficult to foresee this or verify it in a direct way. 

73. In order to average out the errors in the use of P2IF2 
some authors have used means of various combinations of ratios 
such as 1/2(P2/F2+P3/P3) or 
1/3 (P2/P2+P3/F3+P4/P41 or weighted average of P/F 
values with number of women as weights in the respective ages. 

74. Befote proceeding to futtber discussion on the methods of 
estimation we need to look at the deficiencies in tbe data 
COllected. 

75. i!stimated !!NeES can be affected by errors in the reported 
number of births (numerator) and wOlllen of specific age groups 
(denominator). The most important error in the reported number of 
births is the omission of births by older women, especially those 
births that ended in early deaths. women in the older age groups 
also tend to forget grown up children, children born to another 
husband and children not present at home for various reasons. 
There are also factors that may tend to inflate the number of 
births by the inClusion of step or adopted children, grand 
children etc. Another error in the reported number of children 
is the inclUSion of still births. The net effect of these errors 
is a tendency for lIlean number of children steadily decreasing as 
age of the women increases. 
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76. AmOng tile serious errors that result primarilY from the 
enumerator's inefficiency is the parity 'not stated' group. 
Sometimes a blank or a dash is used to indicate zero parity which 
then gets included in the 'not stated' group. If the relation 
between the reported proportion with parity not stated and the 
reported proportion childless is linear then El-Badry's method 
could be applied to filter out the childless women from the 'not 
stated' group. Otherwise it is recommended that these women be 
used in the denominator ( United Nations ,1983). 

77. One of the major problems in Africa is the measurement of 
age. Ilany types of errors are identified and adjustments 
suggested (Ramachandran, 1983; Hobcraft et al, 19821. Certain 
types - of age misstatement like random errors do not affect PiP 
ratio method, especially when the errors are such that they have 
the same distribution at all ages ( Brass et aI, 19671. However, 
there are other types of errors in the reproductive ages that are 
serieus. A systematic shift of ages upwards till some boundary 
age or age group is reaChed and a shift downwards thereafter to 
tile end of reproductive age affects the mean parities. The mean 
parities below the boundary age will be understated, the age 
group containing the boundary age will be correctly reported and 
those above the boundary will be overstated (United Nations, 
1(83). 

78. A very interesting study that brought out a number of 
limitations as well as the evaluative capability of PIF ratio 
method based on real data was that, using the maternity histories 
of the WPS project. As the maternity history data contains two 
dimensions , age and cohort, many indices of fertility can be 
computed which can be used· to test internal consistency I1IOre 
effectively than the situation where we have only data on DCEB 
and BLY. For instance, the piP ratios can be computed for various 
periods prior to the survey, for first birth orders and so on. On 
the basis of wrs data for nineteen countries for the most recent 
period preceding the survey it was observed that P/r ratios 
computed by duration of motherhood depicted fertility patterns 
bette: tllan tile ratios computed by duration of marriage. 'l'lle 
usual P/r ratios for age groups were found to be least effective. 
Tile p/r ratios by age for Jordan, Pakistan and NlIPal showed 
steady decline by age groups, but when the ratios are indexed by 
duration of motherhood they showed a steady trend indicating that 
reporting errors are small and fertility remained constant in the 
past years. In the case of Malaysia, Fiji, sri Lanka, Peru, 
Mexico, the Dominican Republic, Jamiaca and Indonesia the P/r 
ratios by age were allllost constant but when computed by duration 
of marriage they sllowed a rising trend indicating recent declines 
in fertility •• A blind application of the p/F ratio technique, 
as originally propounded , would take these ratller constant 
vallles by age as being indicative of a measure of dating errors 
for the five years before the survey and adjust the current 
fertility levels accordingly' (Hobcraft et al,19821. This clearly 
illustrates the pitfalls in the primary dependence on the PIF 
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adjluiltJl8nt. It appears that the pip ratio should be used IIOre as' 
a diagnostic test of internal consistency than an adjustaent 
factor. EVen in this case the analyst will have to be cautioQP in 
interpreting the ratios. 

79. Much of what is said about piP ratios applies to the 
relational Gompertz mOdel as they both use the same data. 
Bowever, Brass states that the relational Gompertz lIIOdel (using 
Pi/Pi+l ) has certain adavantages. The RGM is fitted using 
the data on SLY for the younger age groups only thereby requiring 
the assllllption of errors being constant for these ages alone and 
not for all ages as is assllJled in the origianl PiP Jl8thod. • 
Since the fitting 'averages' the current rates, the estimated P's 
are less vulnerable to chance and erratic errors in the _sures 
at under 25 than with the traditional P2/P2 correction.· 
(Brass, 1981). 

80. WOJl8n who are included in the survey are the survivors of 
the cohort of woJl8n that entered the reproductive life soae years 
ago. Tbe parity and otber fertility data of the surveyed woaen 
will give representative fertility esti_tes if the wOJl8n wbo 
died are no different froa tbose wbo survived witb respect to 
fertility perfo~ce. If fertility and IIIOrtality are associilted 
tben tbe estimates besed on the current survivors will give 
biased estintes. Por Instance, if we assuJ18 tbat woJl8n are 
heterogeneous with respect to IIOrtality risks, and are also 
beterogeneous with respect to the risk of bearing a cbild tben 
those wcaen wbo die early will on the average tend to }:Je of 
bigher fertility than the sUIvivors. This effect of selectvity 
will be IIOre pronounced for women at higber age groups than 
younger age groups. It is hoped that heterogeneity of woJl8n is 
small and that as the general mortality risks are low in the 
child bearing ages tbe effect of this on the aean parity, 
especially at lower ages, will be small. 

81. The other important factor tbat leads to .selectivity when 
dealing with sub-national populations or populations witb heavy 
net migration is the mOVeJI8nt of people in the reproductive age 
groups. If fertility of the women in places of destination and 
origin of migration are diffeIent, this selectivity becomes 
pIominent and the estimated fertility will be affected. Analysis 
of fertility seperately by place of birth or duration of 
residence will reduce this error. 

82. Retrospective data on the number of children ever born for 
women at higher ages suffers from various errors of omission. In 
the early questionnaires only one question on the number of live 
births ever born by a woman was asked. In the later 
questionnaires three pronged question on the number of children 
living in the household, elsewhere and dead was asked. It was 
reported that this lead to improvement in the reporting of births 
in Kenya (196~),oganda(1969), Swaziland(1976) and the 
Gambia(1973l. still the data on parity was found to be deficIent. 
Similarly instead of asking the occurrence of birth in the last 
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year, asking the date of last live birth is expected to g1 ve 
better results on the current fertility. Though these 
improvements are theoretically sound due to a number of practical 
problems mostly resulting from enumerator's negligence and 
fatigue, the data still show deficiencies. 

4.4.2 problems in the application of the Methods of 
estimating birth rate using two successive age 
distributions. 

83. The use of reverse survival method for the estimation of 
fertility in Africa south of the Sahara is faced with a number of 
problems. The accuracy of the estimates derived by this method 
heavily depend on the quality of reporting of the age data 
especially for children under ten years. In most African 
censuses, save Sierra Leone 1963 and Liberia 1962, the proportion 
under age five always implied crude birth rates lower than age 
10. omission of infants from census enumeration for cultural and 
other reasons is alluded to as one of the reasons among a number 
of others that lead to a low proportion in 0-4 age group. 
Children who have not passed certain rituals are not considered 
as grown ups in some African countries and it is likely that 
these might not be reported in population censuses and 
demographic surveys. Another error that affects 0-4 population 
is 'heaping' at age five. Children in the age group 3-4 seem to 
be reported in the age group 5-9 either due to preference for 
digit five or due to the fact that age 6 is the mininum age of 
entry into school. In most cases, therefore, reVerse projection 
of 0-4 age group is likely to yield a lower estimate of births in 
the five years preceding the census. 

84. On the other hand the population 5-9 seems to be inflated 
by the movement of people under age five and over age ten into 
the 5-9 age group. An evaluation of most censuses in Africa 
clearly indicates that the crude birth rates based on the 
populaion under age ten is much higher than those based on 
population under five and fifteen. A relatively higher 
proportion of population aged 5-9 than those aged 10-14 is 
surprising because the terminal digit of the former group is an 
avoided digit. It therefore appears that the reason for people 
belonging to age group 10-14 to shift downwards might not be due 
to digit preferenoe but to such factors as the minimum age for 
admission to schools, physical development and appearance etc. 

85. In situations where the 0-4 age group is underreported but 
5-9 is overreported, it might be advisable to use the proportion 
under ten to estimate the total number of births in the decade 
before the census. Such a solution is not without difficulties. 
AS the age group widens it becomes difficult to locate the 
mortality level in time. Brass-type indirect estimates of 15 
will give the level of mortality as of 6-7 years preceding the 
census. Therefore in situations where mortality is declinig, use 
of this to reverse survive children leads to overestimation of 
births. However, the magnitude of this is likely to be small in 
view of the recent retardation in the decline of mortality. 
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86. The other serious error comes frOlll tbe use of rate of 
growth in obtaining the mid-period total populatiOil whicb bas 
been referred to earlier. In Africa, estimated rate of growtb 
from two censuses is mostly in error because of unequal coverage 
in the two censuses. In many countries no serious evaluation of 
census coverage is done. Indirect metbods of evaluation also 
suggest that in most cases the two censuses are not of equal 
coverage. That is, the intercensal rate of growth 'llight be on 
the higher side if the coverage of the recent census is better 
than the earlier one, as we suspect in the cases of Liberia 
62-74, Lesotho 66-76, and Malawi 66-77. on the other hand if the 
recent <lensus is poorer in coverage than the earlier one the 
reverse is expected which is suspected in sucb cases as SWaziland 
66-76 and Sierra Leone 63-74. A similar finding is reported for 
some countries in Asia (Luther, 1983) 

87. A different problem arises when reverse surviving the 
entire set of age groups using a selected life table 
corresponding to Brass type estimate of li' (i-2,l and 5). 
While Brass-type estimates may provide robust estimates of 
childhood mortality they may not be helpful in selecting adult 
mortality. orphanhood and widOWhood data could provide estimates 
of adult mortality for females above 25 years and males beginning 
from age 27.5 or 32.5. Experience has shown that orpbanhood data 
did not give satis'factory results due to a number of diffiCUlties 
in concepts in Africa such as fostering, age reporting. There 
are also some technical diffiCUlties like IIIOre than one child 
reporting tbe survival of the same parents. The use of widOWhood 
data has also problems due to the loose definition of marriage, 
prevalence of polygyny, remarriage, age reporting etc. 

88. The age pattern of mortality of the life table used in the 
reverse surviving of the entire age range also affects the 
results. Demographers have preferred 'North' family life tables 
in the Coale-Demeny Model Life Tables for many Bub-Sabaran 
African countries. But, some studies based on small populations 
in Senegal and the Gambia indicate that the true pattern of 
mortality in Africa does not seem to indicate a decline in lx 
with age as in the models we know so far (Cantrelle, 1974; 
Garenne, 1981l. Although it is difficult to ascertain whether 
the mortality curve at early ages in sub-Sabaran Africa forms a 
convex curve, indications are that the existing model life tables 
may not cover the patterns of mortality in the reglon. 

89. The reverse projection of population 
groups, unlike the rate of growth method, tends 
net census. coverage error. 

of all the age 
to exaggerate the 

90. Some of the errors 
reverse survival methods, 
population methods. 

discussed above are not peculiar to 
but are also applicable to stable 

! ... ''F 
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91. No population is strictly stable. Fertility can vary due 
to factors as recent wars, epidemlcs, famines etc. Age and sex , 
selective migration tbrougb its effect on age sex distribution 
and acre particularly lts impact on family formulation and 
fertility levels could affect the age-sex distributions. Though, 
less significantly, the declining mortality also affects 
stability. 

9Z. Due to errors in the data, it is difficult to identify an 
appropriate model stable population to represent the study 
population, even tbougb tbe study population is in fact stable. 
This is because, the cbaracteristics or indices of the population 
we use to select a model stable population are affected by 
reporting errors, such as differential omission of people by age, 
the differential coverage of censuses etc. 

93. As model stable populations are tabulated by various 
patterns of moratility by age and sex, knowledge about tbe 
patterns of IlOratlity is necessary, whieb is difficult to obtain 
in the context of developing countries. 

94. Therefore, in or,der to obtain reliable birth rate 
estimates we need to choose tbose population charactersistics 
that are likely to be less affected by the various errors 
mentioned above. secondly, it is also necessary that the 
charactersitics cbosen are sucb that tbey serve to identify tbe 
appropriate stable population. In other words, the 
characteristics used are such that, the birth rate estim."1ted is 
nearly invariant to the type of model life table system selected. 

95. There are many methods used in the past in matching a 
model stable population to the population under study. But a 
method suggested by Coale satisfies the above two desirable 
properties. This is the method of selecting a model stable 
population using C(lS) of both sexes and 15' The birth rate of 
such a model stable population, surprisingly gave accurate 
estimates of birth rate even when the population in question is 
far from stable. 

4.4.J Direct Studies of Errors and Biases: 
96. One of the major difficulties in the estimation of 

fertility is that to date not many studies are available that 
directly analysed the nature and magnitude of errors in data 
(Som,1973}. This is partly because of the difficulty of measuring 
errors in a direct way. It is useful to briefly mention some of 
the recent studies which gave some encouraging results. 

97. In the Gambia comparison of tbe 1973 census results on 573 
women aged fifteen and above when matched with the efficiently 
conducted follow-up study by the Medical Research Council showed 
that the Census could only obtain correct parities in 60' of the 
cases (Gibril,1976). A further analysis of 99 tape recorded 
interviews comprising of 764 persons indicated that for about 30' 
of the time the enumerators did not bother to ask the three 
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questions on children at home, elsewhere and dead. Similarly in 
more than 50'& of the cases no effort was ude to see that the 
children are not adopted ones. 

4.5 Estimates of Fertility for some countries South of Sahara 

(a) Fertility estimates using data on MNCEB and BLY: 
98. In Table 4.14 the P/F ratios along with the esUutes of 

TPR derived by various methods described in section 4.2 for some 
countr .es in Africa are Shown. 

99. The P/P ratios for the age group 15-19 when compared to 
those of the middle age groups show erratic fluctuations which 
are due to errors in the data and psrtly due to small number of 
births in that age group. por countries such as Kenya(l978), 
Lesotho (1971), Libya(1973), cameroon (l978), Ghana (1978) and 
Nigeria (1981) the P/P ratios in the middle age groups are very 
close to unity indicating consistency in the data and also the 
validity of underlying assumptions of the method. 

100. por countries such as Ghana(1971), Kenya(l!I69), Tanzania 
(1973), Ethiopia( 1970), Malawi( 1972, 1977), SWaziland ( 1976) and 
Botswana(1971) the ratios for the age range 20-35, on the 
average, are between 1 and 1.2. Demographers consider this value 
as an indication of reasonably gOOd data considering the 
magnitude of errors expected in African data. 

101. The ratios for the countries such as the Sudan(1973), 
Swaziland(1966), Zambia(1974) and uganda(l969) tend to be in the 
neighbourhood of 1.3 for the age range 20-35 and the data should 
be considered defectiVe or the underlying assumptions are 
violated. 

102. Taking a 1'/1' ratio of 1.2 or less as an indication of 
reasonably good data we note that 12 cases out of 20 studied show 
that the data are useful. 

103. The total fertility rate estimated by the two formulae 
(1'3)2/1'2 and P2(P4/P3)4 are close in the cases of 
Tanzania (1973), Uganda(1969) and Ghana{1971), but in most 
cases they give different results. por a number of countries the 
two values fallon either side of the reported parity for the age 
group 45-49. 
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i'able 4.14 
'lile Values of P/F Ratio" and Estimates of i'FR by Various method" 

SOUi'HERli AFRI CA * * 
Malawi Swaziland Le"otho Zam Bot 

72 77 gyp 66 76 HYP 71 79 gyp 74 71 

P/F Ratio" Age group 
15-19 
20-24 
2,5-29 
30-34 
35-39 
40-44 
45-49 

.88 1.62 .88 1.61 1.20 1.21 1.10 3.77 3.77 1.83 1.08 
1.17 1.36 1.52 1.54 1.25 1.2,6 1.07 1.22 1.22 1.64 1.22 
1.20 1.23 1.42 1.36 1.23 1.24 1.10 1.00 1.15 1.29 1.17 
1.13 1.21 1.36 1.26 1.2S 1.25 1.06 1.03 1.14 1.37 1.16 
1.14 1.15 1.32 1.17 1.20 1.25 1.06 0.98 1.10 1.23 1.09 
0.91 1.10 1.25 1.15 1.1~ 1.27 1.04 0.96 1.09 1.01 1.04 
1.04 1.10 1.19 1.12 1.11 1.29 0.97 0.96 1.08 0.96 0.97 

Estimates of i'ota1 Fertility Rate by coa1e-Demeny and Brass 
CO-DE * 7.1 6.4 7.6 5.5 6.2 6.3 5.9 4.8 6.4 5.2 5.8 
BRASS * 6.0 8.0 8.3 5.9 7.4 7.2 5.1 7.7 6.4 13.0 6.5 

P7* 6.9 6.9 7.8 5.7 6.3 7.2 5.1 5.4 6.1 6.0 5.6 

Estimates of i'ota1 fertility Rate by P/F Ratio Method 
(P/F)l" 7.8 8.9 10.1 8.0 7.1 7.1 5.6 6.9 6.9 10.5 7.1 
(P/F)2,* 7.9 8.5 9.8 7.5 7.0 7.1 5.6 6.3 6.7 9.4 6.9 
(P/F)3* 7.8 8.3 9.6 7.2 7.1 7.1 5.6 6.1 6.6 9.2 6.9 
(P/F)4* 7.8 8.0 9.3 6.8 7.0 7.0 5.6 5.8 6.5 8.5 6.8 

Estimates of i'otal Fertility Rate by Brass RGM 
RGM(P)* 6.1 7.3 8.1 5.4 6.7 6.7 5.0 8.0 8.1 8.6 5.6 
RGM(F)* 7.1 7.6 9.1 6.7 6.6 6.6 5.4 5.5 6.0 8.3 5.8 

UNP 7.0 7.0 6.5 6.5 - 5.4 5.4 -

.. Notes: zam-- zambia BOt-- Botswana 
CO-DE -- Coale-Demeny Formula- (P3)2/P2' 
BRASS -- Brass Formula = (P21.(P4/P3)4, 
P7 -- Reported KNCEB for women 45-49 
(P/P)l -- Using P2/P2' 
(P/F)2 -- Using l/2(P2/F2+P3/F3) 
(P/F)3 -- Using l/3(P2/F2tP3/F3+P4/F4) 
(P/F)4 -- Using l/2(P3/P3tP4/F4), 
RGM(P) Brass RGM using Pi/Pitl' 
RGM(P) Brass RGM Using Pi/Fitl' 
UNP -- United Nations Projections 

6.9 6.5 
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~able 4.14 (continued) 
~he Values of P/F Ratios and Estimates of ~PR by Various methods 

Age group 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 

------EAS~ERN AFRlCA---------- --NOR~HERN AFRICA--
Kenya Tan* Uga* Eth* Lib* Sudan 

69 78 HYP* 73 69 70 73 7J 78 BYP* 

p/p Ratios 
1.6' .88 .88 1.30 1.44 1.23 1.00 1.57 4.00 1.36 
1.35 1.01 1.01 1.18 1.42 1.15 1.08 1.44 1.79 2.04 
1.22 1.03 1.03 1.10 1.21 1.10 1.04 1.28 1.21 1.54 
1.17 1.06 1.05 1.01 1.17 1.10 1.00 1.18 1.17 1.47 
1.10 1.04 1.05 1.01 1.08 1.07 1.00 1.11 1.11 1.50 
1.01 1.01 1.07 .92 .96 1.03 .97 1.00 1.01 1.53 

.93 .99 1.10 .89 .94 1.04 .96 .94 .97 1.64 

Estimates of Totsl Fertility RAte by Coale-Demeny and Brass 
CO-DE * 6.6 7.7 7.7 5.7 5.9 5.1 8.3 6.0 5.3 6.8 
BRASS * 7.3 8.7 8.5 5.8 5.8 5.6 7.8 5.6 10.3 10.1 

P7* 6.1 7.9 8.8 5.0 5.0 5.1 7.6 4.8 6.0 9.4 

Estimates of Total Fertility Rate by P/F Ratio Method 
(P/P)l* 8.9 8.1 8.1 6.6 7.6 5.7 8.7 7.5 11.1 11.7 
(P/P)2* 8.5 8.2 8.2 6.4 1.2 5.5 8.5 7.1 9.3 10.3 
(P/P)3* 8.2 8.3 8.3 6.3 6.9 5.5 8.3 6.8 8.6 9.6 
(p/P),* 7.9 8.4 8.4 6.1 6.6 5.4 8.1 6.4 7.4 8.6 

Estimates of Total Fertility Rate by Brass RGM 
RGM(P)* 6.8 8.3 8.1 5.6 5.5 5.3 7.4 5.4 8.1 9.3 
RGM(F)* 7.1 7.8 7.8 5.8 6.7 5.2 8.2 6.5 8.8 9.3 

Estimates of Tots1 Fertility Rate By O.N.Projections 
UNP 7.6 8.1 6.5 6.1 6.7 7.4 6.6 6.6 

* Notes: Tan-- Tanzania uga-- uganda 
Eth-- Ethiopia Lib-- Libya 
HYP-- Using Hypothetical cohorts 

CO-DE -- Coale-Demeny Formula- (P3)2/P2, 
BRASS -- Brass Formula = (P2),(P,/P3)4 
P7 -- Reported MNCEB for women '5-49, 
(P/F)l -- Using P2/F2 
(P/F}2 -- Using 1/2(P2/F2+P3/F3), 
(P/F)3 -- Using 1/l(P2/F2+P3/F3+P,/F,) 
(P/F), -- Using 1/2(P3/F3+P,/F4), 
RGM(P) Brass RGM using Pi/Pi+l' 
RGM(F) Brass RGM Using Fi/Pi+l 
UNP -- United Nations Projections 

________________________________ '''''11_'1 
~, !Ii 
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Table 4.14 (continued) 
The Values of PiP Ratios and Bstimates of TPR br Various methods 

Age group 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 

Estimates of Total 
OO-DE • 
BRASS * 
P7· 

Estimates of Total 
(P/P)l* 
(P/'12* 
(P/FI3* 
(p/Fl.* 

WEST ArB! CA 
Ghana Gam* cam* Ni9* 

71 78 HYP* 73 78 78 

P/F Ratios 
1.09 .76 .76 1.28 1.18 .50 
1.19 .98 .98 1.29 1.06 1.06 
1.16 .98 .97 1.22 .99 1.03 
1.19 1.01 .97 1.20 .99 .99 
1.15 1.07 1.00 1.20 .95 .96 
1.13 1.06 .96 1.09 .91 .87 
1.10 1.08 .93 1.07 .86 .93 

Fertility Rate by Qoale-Demeny and Brass 
6.1 5.3 5.2 5.5 5.1 5.8 
7.9 7.0 6.1 6.2 6.6 5.9 
6.4 6.7 5.8 5.4 5.1 5.8 

Fertility Rate by piP Ratio Method 
1.0 6.2 6.2 6.. 6.3 6.7 
6.9 6.2 6.1 6.3 6.1 6.6 
6.9 6.2 6.1 6.2 6.0 6.5 
6.9 6.3 6.1 6.1 5.9 6.' 

Estimates of 
RGM(P)* 
RGM('I* 

Total Fertility Rate by Brass RGM 
6.9 6.0 5.5 5.9 6.1 
6.8 5.9 5.9 5.9 5.9 

5.6 
6.1 

UNP 6.7 6.7 

* Notes: Gam-- Gambia, cam -- cameroon, Nig -- Nigeria 
BTP-- Using Hypothetical cohorts 

CO-DE -- Coale-Demeny Formula- (P3)2/P2' 
BRASS -- Brass Formula-(P2).(P,/P3)', 
P7 -- Reported KNCEB for women 45-49, 
(P/F)l -- using P2/F2' 
(P/F)2 -- Using 1/2(P2/F2+P3/F3)' 
(P/F)3 -- Using 1/3(P2/F2+P3/F3+P4/F4)' 
(p/p), -- Using 1/2(P3/F3+P4/F4)' 
RGM(P) -- Brass RGM using Pi/Pi+1 
RGM(F) -- Brass RGM USing Fi/Fi+1' 
UNP -- United Nations projections 
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104. Four types of adjustaent factors based on the PIP tatio 
for the llliddle age groups are also shown in the Table 4.14. Tbey 
are 

and 1/2 (P3/F3+P 4/F ... ). In general TFR estimates show a 
declining trend as we proceed from the first type of 
adjustment to the fourth type. For Libya(1973), Gbana(1971), 
Ghana(1978), Kenya(1969), Gambia(1973), Cameroon(1978), 
Tanzania(1969), Ethiopia(l970), lIalawi(1972), Swaziland(l976), 
Lesotho(1971) and Botswana(197l) the estimated values are close 
to each other. 

105. Towards the bottom of the table, the estimated 'lPR baaed 
on the fitting of RGM are shown. In RGM(P) the model is fitted 
to parity data alone whereas in ROII(F) the model is fitted to 
current fertility data and then 'lPR is derived. There are 
various approaches to the fitting of the model depending upon 
the age groups used and the estimation procedure applied. !!.be 
values of TFR shown in the table are those obtained by fitting 
the model to the age range 20-35 by the least squares 
method. The estimated TFR derived by the two types give 
different results in most of the cases. In the method RGM(F) 
the age pattern of current fertility data is used to derive the 
model parameters and the parity data are adjusted by this 
pattern, and therefore this is similar to the P/F method. In 
RGII(P) the age pattern is deduced from the parity data itself. 

106. Let' us first consider the cases that showed better piP 
ratios. In the case of Kenya(l969) the RGM gave an estimate of 
'lFR which is on the low side whereas PiP adjustment tends to 
give a value of 8.2, which is believed to be near to the truth. 
For Kenya(1976) the TFR estimated by pip method and RGH(P) give 
very close results. But the estimate based on RGII(F) is on the 
low side poSSibly due to the effect of the reference period 
error being variable by age. The most plausible estimate for 
Kenya around 1969 and 1978 is about 8. The United Nations 
prOjections (UNP) used a value of 8.1 which is very close to 
those obtained by plF ratio method. Tbe estl_tes of TFR for 
Libya in 1973 look to be slightly overestimated by P/F ratio 
adjustment, and also by ROII{F). The true value may be slightly 
lower than 8, and about 7.5 which is closer to RGIIIP). The UNP 
estimate of 7.4 is close to this. For Ghana(1971) the estimates 
of TFR Obtained by using Pip and that of RGM are close to 7.0 
Which is slightly higher than the estimate of UNP of 6.7. A 
value of 7.0 looks most probable. For Ghana(1978) the estimated 
TPR by pip ratio method and ROM are quite close and indicate an 
estimate of 6.0 which is lower than the estimate for 1971. If 

----------------'-----------""11-' 
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we treat this estimate as correct then we have to accept a 
reduction of 1 birth in the T~R during the seven years 1971-78, 
which looks implausible. The estimate for 1978 looks to be an 
underestimate and it appears that both the lifetime data and 
current fertility data are affected by errors. This is an 
interesting example of how data may be internally consistent 
but the results suffer from errors. ~or Lesotho (1971) the 
estimated total fertility by the P/~ ratio method gives a value 
of 5.6, the RGM(JO gives 5.4 and GNP give a value of 5.4 and 
all values are quite close to each other.The estimate by RGM(P) 
of 5 is on the low side. Par cameroon (1978), the estimate of 
TFR by P/F method and the RGM give values close to 6. 

107. Among the countries with the mean P/F ratios between 1 to 
1.2 Ethiopia(1970) gives a TPR quite close to 5.5 by both p/F 
method and RGM, but the GNP giv·es a value of 6.7. It appears 
tbat both the lifetime and current fertility data may be 
suffering from omission of children as a result of which the 
estimated 'rFR is low. l!'or Malawi(1972,1977), Swaziland(1976), 
Botswana(1971), Tanzania(1973), Kenya(1969) and Ghana (1978) it 
was found that the Tl!'R 'estimated by RGM tend to give values 
lower than those estimated by p/l!' ratio method. In some cases 
the GNP estimates tend to lie between these two estimates but 
somewhat closer to RGM estimates. 

108. By and large the estimates of total fertility obtained by 
PiP ratio method and RGM enclose the true estimates of Tl!'R 
between them. 

109. Table 4.14 also presents the results for hypothetical 
cohorts fcr six countries having data on KNCEB and BLY at two 
points of time. Let us look at the countries one by one. Kenya 
has requisite data for 1969 and 1978, the first one a census 
and the second one a survey. l!'or the computations the 
intersurvey period is treated as ten years. The plr ratios 
obtained for the hypothetical cohorts experiencing intersurvey 
cUll\ulative and current fertility rates lire found to be very 
close to that of the recent survey of 1918. Similarly the total 
fertility rate estimated for hypothetical cohorts are close to 
that of the recent survey. In the case of swaziland and Lesotho 
also the estimates based on hypothetical cohorts are reasonable 
and give estimaees close to the recent survey. This implies 
that errors in the two surveys are small or the errors in the 
surveys are such that they do not affect the inter survey parity 
increments of fertility. In the case of Ghana the same pattern 
is observed, and the estimated TPR for hypothetical cohorts 
based on P/F ratio and RGM(r) are close to 6. It appears that 
the reported MNCEB and aLY in 1976 suffer from under reporting, 
a point mentioned ear lier. In the case of the Sudan the data 
from the 1976 survey indicate errors, consequently the p/r 
ratios and the estimated Tl!'R for hypothetical cohorts are found 
to give erratic and high estimates by various methods. 
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110. It is interestill9 to note that the three countries that 
gave reasonable values for TR are based on surveys seperated 
by about ten years and the three countries that gave poor 
results have surveys seperated by 5 years. This could be 
accidental, it is also possible that, since hypothetical 
cohorts are obtained by using inter survey parity increments 
which in their tu~n are obtained by differencing parity data, a 
ten-year intersurvey period NY produce a better balance of 
errors than a five year period. More study is needed of the 
influence of errors on the estimates based on hypothetical 
cohorts in Africa. 

(b) Estimates of birth rates based on two age-sex distribution 

Ill. Estimates of birth rates by methods that assume stable 
conditions are not sho~ here, as the recent methods which are 
described in the earlier sections are more general in that they 
do not require the stability assumptions and they give robust 
estimates of birth tates. In the earlier stUdies 
(Venkatacharya and Tesfay Teklu, 1986) it was observed that the 
birth rate estimates by Manual IV methods using 12' or 13 
or 15 gave values lower than the expected true values. 

112. From table 4.15 it is clear that the birth rate estimated 
bY reverse projecting 0-4 population is lower than the value 
obtained by reverse projecting 5-9 population. This could be 
explained by the omission of children under 5 and shifting of 
some children from the age group 0-4 to 5-9 due to age 
reporting errors. This is tr~e of all the nine countries under 
study. The reverse projection of the population aged 10-14 
gives birth rates that are lower than those obtained by reverse 
surviving the 5-9 age group for all countries excepting Kenya, 
Lesotho and Swaziland. This is due to some shifting of persons 
of the age group 10-14 to the adjacent age groups due to 
reporting errors. The mean value of the t.hr.... birth rates 
obtain .. d by reverse surviving 0-4, S-9, 10-14 give values 
(column 5) which appear close to the expected true birth rates. 

113. As errors in age reporting are reduced by cumulation, the 
reVerse survival of population under 10 and 15 are expected to 
Yield better results. The birth rates obtained by reverse 
surviving the population under 10 and 15 are shown in columns 6 
and 7. For most of the countries the birth rate obtained by 
these two methods ace close to ~ach other. For Liberia, Kenya, 
Tanzania, Lesotho, SWaziland and Lihya the birth rate based on 
population under 15 is slighlty higher than that obtained on 
population under 10. But the differences are small. 

114. The birth rate obtained by the reVerse survival of the 
population under 15 seems to give very robust estimates 
agreeing with the findings of earlier stUdies (United Nations, 
1983, Coale, 1981). However, the comparison of birth rate 
obtained by this method, with other estimates in columns (2) to 
(6) should take into account the fact that the estimated birth 



Table 4.15: The estimates of birth rates obtained by various .-thods 
for nine African countries having two censuses. 

eountry Birth rate by reverse survival of age group Birth rates by Coale Birth ratea on 
derived .-thoda generalized stable 

0-4 5-9 10-14 Mean 0-9 0-14 equation 
ba be by b'v bn b" n 

(1) (2) (3) (4) ( 5) (6) (7) (6) (9) (10) (11) (12) (13) 

Ghana 47.0 50.6 45.9 47.8 48.9 40.3 49.7 50.4 50.0 47.2 48.1 55.1 
Liberia 39.3 49.7 44.6 44.5 44.3 45.2 44.8 "5.2 44.9 41.7 42.3 63.0 
Sierra 
Leone 45.9 58.5 42.5 49.0 52.0 50.6 50.2 50.5 50.1 47.6 48.1 65.6 
Kenya 45.4 50.3 51.6 49.1 48.1 49.9 49.2 49.9 "9.7 48.0 ol8.4 55.6 

"" Malawi 53.4 54.6 46.7 51.6 54.1 53.8 53.2 53.7 53.3 53.3 52.4 56.7 .... .... 
Tanzania 46.5 53.0 49.0 49.5 49.9 50.6 49.9 50.1 50.0 48.7 49.0 51i.9 I 
Lesotho 33.7 35.8 41.2 36.9 34.9 37.1 36.9 37.6 37.9 36.9 36.5 42.0 
swazi-
land 43.2 48.8 50.1 47.4 46.6 48.1 47.4 48.1 47.7 47.1 47.0 53.41 
I.ibya 52.1 58.1 52.1 54.1 55.4 55.6 54.5 55.4 55.3 58.3 57 •• 64.1 
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rates in all these columns do not refer to the same time. If t 
aenotes the census year then columns (2), (J) ana (4) give 
birth rates that refer to (t-2.5), (t-7.S) ana (t-12.5) years 
respectively. on the other hana the birth rates in column (6) 
refer to year (t-5). The birth rates in columns (7) to (13) 
all refer to year (t-7. 5). If the birth rates are assumed to 
be constant during the fifteen years prior to t, for all the 
countries under study then all these birth rates will be 
comparable. If fertility fluctuated auring this period the 
comparison of birth rates between the various columns should 
take into account the time referencing. 

115. Comparison of birth rates by reverse surviving persons 
under age 15 (column 7) with those obtained by Coale method 
(column 8) shOWS that the two birth rates are almost equal for 
all the countries in the table. This is not surprising as it 
has been shOwn earlier mathematically that these two are almost 
identical. 

116. The birth rate obtained by the short cut method, or 
simplified robust estimate shown in column (9) and (10) also 
show consistency with each other. In column (9) the 
coefficients for u and v in equation (28) are taken from North 
Family in Table 4.12 whereas in column (10) the values of u ana 
v are for the West Model. The specification of Model Life 
Table family did not result in any great change in the 
estimated birth rate. 

117. It is also interesting to note that birth rates in column 
(10) and (7) are remarkably -close. Further, supporting the 
theoretical explanation given earlier, the birth rates in 
columns (7) to (10) are all nearly equal for all the countries 
under study. Thus the birth rate obtained by reverse surviving 
the population under 15 or the birtl! rate obtained through the 
use of Model Stable and Life Table Populations (COale _thod) 
give similar results. 

!lS. The birth rates obtained in columns (11), (12) and (13) 
are based on the recent equations developed by Preston and 
Coale which are applicable to non-stable and stable 
populations. The data used in this case are identical to the 
data used in reverse survival and Coale methods (columns 
7-10). The birth rates in columns (UI and (12) are obtained 
by using the population under age 15, the intercensal rate of 
growth for age groups 0-4, 5-9 and 10-14; and a life table that 
has an 15 value estimated by Brass type indirect estimate. 
The birth rates in column (13) are obtained by using the age 
distribution of the two censuses and Brass type indirect 
estimate of 15' Thus the difference in the results shown in 
columns (13) compared to columns (11) and (12) lies in the fact 
that the same equations fitted to the SaM basic data in two 

-------------------------------------1"-1" 
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different ways. Comparison of birth rates in columns (11) and 
(12) indicate very close agreement. Comparison of these values 
with those in column (6)- (10) indicates that the former birth 
rates are generally higher than the latter values. We notice 
that the two methods use the same ellS), and 15' But in 
columns (7) to (10) the over all population rate of growth is 
used, whereas in columns (11) to (12) the rate of growth for 
the age groups 0-4, 5-9 and 10-14 are used. Therefore we ean 
attribute this slight underestimat.ion of the birth rate by the 
use of generalised stable equations to the errors in the 
estimated age specific rates of growth. The birth rates in 
column (ll) which are based on Preston integrated method, are 
on the high side compared to all other estimates in the table. 

119. However, there are situations where this tendency to 
overestimate is likely to compensate for the general 
understatement of birth rate, usually found in the developing 
countries. But, it is difficult to know this in advance. The 
reported age -sex data for Sierra Leone and Liberia have larger 
errors than other countries and it is especially in these cases 
the birth rIIte by Preston integrated method goes out of range. 
In the case of Libya in addition to minor errors in the data, 
the omission of net migration in the estimation process leads 
to higher birth rates. 

120. A study of the figures in table 4.15 indicates that the 
birth rates by all the methods except the Preston integrated 
method give by and large values closer to each other and very 
close to the true values. In some cases, due probably to under 
reporting of population under 15 , the birth rates tended to be 
slightly on the lower side ( e.g. Kenya). This clearly 
indicates that the use of e(lS) instead of the entire age 
distribution gives birth rate estimates Which are mon stable 
in poor data situations whether the equations used are based on 
stable or generalized stable populations. 

121. From all the various estimates pr'~sented in the table, 
the values obtained in columns (7) to (10) look close to the 
true values. Thus the estimation of birth rate by reverse 
surviving the population under age 15 is a dependable method of 
estimating birth rate. The simplified estimation procedure 
given in equations (28) and (29) is very useful in this regard, 
as it does not involve the use of Model Stable or Life Table 
populations. 

122. However, the estimation by this procedure, is likely to 
be an underestimate of birth rate, in some instances due to the 
omission of children aged 0-4, like in the case of Kenya. In 
such situations, any information on the magnitude of this error 
can be helpful in improving the estimates by making end 
corrections. 
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CHAPTER 5 

POPULATION PROJECTIONS 

5.1 INTRODUCTION 

1. In the earlier sections, attention has been focused on 
evaluation and adjustment of population data as well as on 
various methods of estimating vital rates from available data. 
These deal with information on the current situation as at the 
time of the census or survey. However, in practice, the task 
before the demographer goes beyond that of providing 
information about the current situation. Since planning is 
cop~erned with the future, policy makers and planners require, 
as of neceSSity, reasonable prOjections, which provide 
information about the future size, structure and distribution 
of population. Here, we will therefore deal with demographic 
projections. 

5.1.1 The Role and Importance of Demo9raphic PrOjections 

2. The emergence of newly indepenoent states in the Afr ican 
continent during the late 1950's and early 1960's stimulated 
among national governments the formulation of development plans 
designed to overcome poverty and under-development. The 
objective that featured in most of these plans was to satisfy 
the cur rent and future. needs of the population in the areas of 
health, education, housing, employment, etc, using the 
available human and material resources. As human resources and 
needs vary according to the size, composition, and distribution 
of the population, demographic data, not only for the current 
period but also estimates for the future, have become the 
essential tool and the fundamental background for development 
planning. 

3. The tasks of defining goals and the selection and 
determination of available means to achieve them are made guita 
simple by translating them into quantitative terms. Where, for 
example, one of the principal objectives of the plan is to 
increase per capita income, there will be the need to know the 
future size of the population during the plan period so as to 
determine the magnitude of national output that can ensure an 
increase in per capita income in the future. Population 
projections also provide information about the size of the 
potential labour force that will be available for achieving the 
desired objectives. Similarly, calculating prospective food 
needs based on nutritional requirements of different population 
groups cannot be undertaken without a projection of the size 
and age-sex composition of the total population. 

4. The increased awareness among national governments of the 
need to integrate popUlation Variables in planning and the 
subsequent shift of emphasis in planning strategy to 
satisfaction of the basic needs of the population has added new 
dimensions to the importance and role of demogcapic 

~---________________________________ -;!_1 
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projections. Basic needs planning require projections of the 
releveant target population groups, who in the planning process 
constitute consumers on one hand and producers of goods and 
services on the other. 

5. Efficient planning of future investments by both 
government and enterprises requires not only urban and rural 
population projections but also considerable detailed 
projections at sub-national levels. Planning in the 
educational sector involves development of adequate teacher 
training programmes, construction of schools and colleges, and 
provision of classrooms, books, etc. The quality of decision 
in these areas is extremely dependent on the quality of the 
available demographic projections of the target population, 
i.e. the school-age population at various levels. In the 
estimation of future housing needs, household or family 
projections give an indication of the new dwelling units that 
has to be provided during the plan period. Projection of the 
socio-economic sub-groups of the population thus enables 
planners to pursue a greater number of objectives, consider a 
larger number of policy options and render planning responsive 
to the needs of the population (Pyatt and Thorbecke, 1976). 

6. In view of the fact that population censuses and surveys 
are costly affairs, they cannot be undertaken at every time and 
for every detail required by development planners. Indeed, the 
majority of African countries find it extremely difficult to 
keep to the schedule of one census every ten years. At the 
same time, birth and death registration in these countries are 
still too incomplete in coverage and defective in quality to 
provide any basis for regular estimation of population 
parameters. In consequence, population data required for the 
assessment of the situation in the base or inter-censlis years 
of the plan period are obtained, in effect, by means of 
projections. 

7. Quite apart from their use in planning, demographic 
projections shed light on demographic processes and present the 
net results of interactions between the components of 
popUlation change, namely - the interrelations between the 
levels of mortality, fertility and migration oVer time and 
their net effect on growth rate and age-sex composition ot the 
population. This constitutes a very important aspect of 
demographic analysis. Benchmark demographic projections can be 
used to illustrate what could happen if observed levels and 
trends in one of the components of population change were to 
perSist. 

8. The current high rate of population growth against a 
background of a depressed economic condition has made it 
difficult for developing countries to meet the needs of their 
growing population for more employment, education, housing and 
ofher facilities. The problem of both international and 
rural-urban migration is also a matter for serious concern in 
these countries. Consequently, population policy-making is 
gradually being institutionalized as an integral part of 
development planning. In the formulation and implementation of 
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population pOlicies, demographic projections play distinctive 
roles. They provide best possible estimates of what the future 
population will be. They can also be used to sound a warning 
of where present trends could lead, unless something is done to 
avert the situation. In this connection, the projected figures 
are usually considered in conjunction with other information on 
urbanization, on population density, on avtalable land and on 
agricultural and industrial development. Demographic 
projections also serve the purpose of highlighting the 
sensitivity of vital rates to an on-going or a proposed 
population policy-oriented programme (Keyfitz, 1984). 

5.2 TYPES OF DEMOGRAPHIC PROJECTIONS 

9. Demographic projections can be undertaken at different 
levels and for different segments of the population, for 
example, at a global or regional level, at national and 
sub-national levels, or for sectors and population sub-groups 
within a country. The increased awareness of the pressure of a 
rapidly growing population on limited agricultural and 
industrial resources stimulated the demand for projections of 
future population trends at a global level. Such world and 
regional population projections are usually undertaken by 
international organisations. The United Nations (U.III.), for 
example, has since 1950 published global projection figures 
under the title ·World Population Prospects·. The latest of 
these projections, the 1984 assessment, gives projections of 
population by sex and age for the world, the more developed and 
the less developed regions, and for continents and countries 
(U.N, 1981). 

10. Originally these global estimates served the purpose of 
illustrating the implications of the unprecedented growth in 
world population which was brought about by a decline in 
mortality accompanied by lit.t.le change in the high level of 
fertility. However, because of the lack of expert.ise, 
deficiency of existing populat.ion data and the inability to 
conduct population censuses at regular intervals, a number of 
developing countries of Africa now use the results of UN global 
projections for planning purposes. 

11. National population projections deal with the future size 
and structure of the population of residents or usual residents 
of a country. The cOllponent.s of population change taken into 
account in national population projections include fertility, 
mortality and international migration. Most nat.ional 
development plans and population policies are fonlulated on .the 
basis of the results of national projections. Population 
projections for political units of the country such as 
districts, provinces or counties, for urban and rural areas as 
well as for individual cities, groups of cities and localities 
are regarded as sub-national population projections. For such 
sub-groups, changes in the size and structure of the population 
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are affected not only by fertility, mortality and international 
migration, hut also by internal migration, reclassification of 
urban and rural areas and groups of localities as well as by 
boundary changes. 

12. In planning for basic needs of the population, it is also 
essential to obtain projected population by sectors or 
socio-economic groups. Such specialized projections include 
those of the labour force, agricultural population, school 
enrolment and educational attainment and household and 
families. In addition to demographic components of population 
change, departure from and entry into the socio-economic group, 
through losing or acquiring the group's definitional 
charactersitics, affect their sizes and structures. 
Specialized sectoral prOjections therefore require additional 
information regarding labour force participation rates, school 
enrolment rates, grade progression rates, household headship 
rates, etc. 

5.3 TECHNIQUES OF POPULATION PROJECTION 

• 13. A number of methods have been developed for assessing 
future population size and structure. These methods differ 
from one another in the different circumstances in which they 
are applied. The determination of the method to be used in a 
particular situation depends on the quality and details of 
available population data and the purpose which the estimates 
are expected to serve. Two main methods, the mathematical and 
the component method of demographic projections are of more 
general application. However, other hybrid methods, such as 
the ratio and economic methods used in special circumstances 
and for special purposes will be briefly discussed. 

Mathematical projection Method, 

14. Early attempts at population projection were mathematical 
by nature. The method assumes that a ,Iathematical expression 
can be fitted to the observed counts of population in the past, 
and from such a fitted expression, future size of the 
population can be extrapolated. In caSeS where at least two 
censuses have been taken and there are no vital registers, the 
method can easily be used for projecting for future size of the 
population. 

15. Mathematical projections are based on assumed laws of 
population growth. Where the size of population is postulated 
as a function of time, for example, a polynomial function can 
be used to derive the projected population at time t years 
after the base period, i.e. 

Pt = a + bt + ct2 + dt3 + ••• • •• ( 1) 

The values of the constants a,b,c,d, ••• are usually estimated 
from past census results by an appropriate technique, such as 
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the least square method. As early as 1691 Pritchett fitted a 
polynomial of the third degree to the 1790 to 1660 United 
States census results and applied this method in projecting the 
population of United States beyond 1880 (Pritchett, 1891). 

16. Among the most commonly used mathematical formulae for 
preparing demographic prOjections are those representing 
geometric curves 

Pt - Po (l+r)t ••• (2) 

and 

••• (3) 

where r is the observed rate of growth of population, t, the 
number of years after the base year and Po' the siile of the 
base year population. In this case, the increase of population 
is expressed as a function of the size of the POPUlation and 
the rate of growth of population is assumed to be constant over 
time. Over a long period of time, population projection by 
this method can produce impossibly large numbers. As no 
population with limited space can be expected to grow 
indefinitely at a constant rate, these formulae are recommended 
for use only in making short term projections. 

17. The attempt to find a mathematical expression that 
adequately describes the laws of population growth over a long 
period of time led to the development of the logistic curVe 

K 

1 + exp (a+bt) ••• (4) 

where t is the number of years, a and b are constants. K is 
the upper asymptote of the curve. Fitting a logistic curve 
requires a large number of observations covering a long period 
in order to determine values of the constants. The property of 
having an upper limit ensures that the logistic curve, when 
used for projecting the size of the population, does not yield 
absurd results in the long run. Although the method was 
originally developed for projecting the total size of 
populations, the logistic curve is finding wider application in 
other areas of demographic prOjections, such as urban and rural 
and city population projections. 

18. The merit of the mathematical projection method lies in 
its simplicity and the fact that it requires relatively fewer 
data. It can also be applied in the projection of the 
components of population change, for example, in projecting 
mortality instead of total numbers. However, it has its own 
limitations when used to project total population. The method 
does not show the resulting changes in population structure, 
such as distribution by sex and age. Furthermore,the size and 
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structure of the population at any point in time are influenced 
by social and economic forces. The mathematical projection 
method carries with it the implicit assumption that the social 
and economic factors which influenced population growth in the 
past will continue in exactly the same way into the future. It 
is therefore not recommended for populations subject to rapid 
changes in the components of population change. Generally 
speaking, the longer the span of the projection period, the 
more unreliable will be the results of projection by the 
mathematical method. 

The Ratio Method 

19. The ratio method of population projection is specific to 
the projection of the population of a sub-area of the national 
population. As its name implies, it merely provides projected 
sets of ratios which, when multiplied by already projected 
national figures, yield the projected population of the 
sub-area. Series of total population figure for a sub-area can 
be extrapolated into the future by a mathematical formula as a 
ratio of an already projected national population. The method 
is probably the most G0nvenient for prOjecting the population 
of regions, divisions, states, counties, and districts, 
especially if the total population of the country has already 
been projected by other methods. 

20. one way of projecting the sub-area to total population 
ratio is t.) hold the recently observed percentage distribution 
constant throughout the period of projection. The other is to 
modify the ratios in some way according to the past trends or 
even according to expected impact of regional development 
programmes. In populations where the tempo of urbanization and 
volume of internal migration are high, the holding constant of 
recently observed ratios may not be justified. As the 
percentage of s.ub-area to national population cannot decrease 
or increase indefinitely, it is necessary to ensure that in the 
modification of the observed trends for the future, the 
percentage distributions approach a stable state in the long 
run .. 

21. The general functional relationship between the sub-area 
and the national population can also be examined by regreSSing 
the sub-area population against the national populations 
especially if data exist for a large number of periods in the 
past. With the fitted regression equation, the sub-area 
projected population can easily be determined from the already 
projected national population. Soweve., the problem of the 
appli~ation of this method to African populations lies with the 
extremely few number of censuses conducted in the past (less 
than three for most countries). Regression equation for ratios 
derived on the basis of such few number of observations can be 
very misleading in determining the future trends in the growth 
of sub-area populations. 
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Economic Method 

22. Population growth cannot be entirely separated from 
changing economic conditions. A number of studies have shown 
that internal RIOvement of population is influenced to a large 
extent by the changing economic advantages of one area over the 
other (Lowry, 1966). In populations where economic 
opportunities exert an over riding influence on population 
change through migration, population projection can be 
undertaken in such a way that it takes into account economic 
variables. 

23. The major types of economic variables considered in such 
projections include, school enrolment, per capita income, 
relatiVe changes in per capita income, and production. 
provided adequate data exist on these variables over a long 
period, regression analysis can be used to relate net gain in 
migration to changes in one or more of the economic 
indicators. The Stanford Research Institute used this methOd 
in projecting net migration for various states in the United 
States, 1965-80 (Badestra and Rao, 1964). 

24. In areas where new industries are sited, new aines 
operated or a new capital city is established, population 
projection can lend itsl'lf to the economic method. In this 
case the new establishments or projects are first related to 
expected labour force growth, or employment opportunities. Net 
migration resulting from the growth of labour force is 
calculated and projected population can be obtained after 
taking into'account births and deaths. 

25. The application of the economic method for population 
projections requires not only detailed data on the various 
economic variables but also accurate measurement of type of 
relationship that. exists for example, between labour force or 
employment opportunity and net migration. Tbere will also be 
the need to make some assumptions about what tbe future trend 
in the relationships will be during the projection period. 

Component Method of projection 

26. The component method of population projection involves 
projecting separately the three components that are responsible 
for population change, namely, mortalit.y, fertility and 
migrat.ion. The projected components are then applied to the 
base population in order to obtain projected population at 
future points in time. The methOd is also so called because it 
consists in the separate projections of numbers of males and 
females in each age group of the population. The projected 
total population is obtained as a sum of the separately 
projected segments of the population. 
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27. With the increasing availability of detailed data on age 
distribution and vital rates of the population obtained from 
censuses, surveys and vital registers, the component method has 
become the most widely applied technique of popylation 
projection in recent years. In contrast to the mathematical 
method, it attempts to take proper account of the components of 
population change and also of ,available information as to their 
trends in the past. On the basis of the observed trends, the 
soico-economic changes and the population pOlicies expected to 
take place over the projection period, the assumption about the 
future course of the components can be made. 

28. In the application of the component method, it is most 
convenient to project the population by time intervals that are 
equal to the width of the age intervals in which the population 
has been classified. In this way, at the end of each interval 
of projection, all surviving members of one age group will have 
moved into the subsequent age groups • 

• 

29. Population projection by the component method involves a 
sequence of computational steps. In the case where the base 
population is classified by sex and five-year age-groups, the 
population structure is modified over each f1 ve-year interval 
to allow fO,r assumed mortality and migration conditions. In 
addition, the number of births reflecting the fertility 
assumptions is computed for each interval and further modified 
to allow for mortality and migration. The process yields the 
age-sex structure at the end of successive intervals. 

30. The component prOjection method yields results that are 
indispensable to any planning exercise seeking to take future 
population change into account or designed to sath\fy basic 
needs of certain segments of the population. These features 
make the component method particularly useful in the 
integration of population variables in development planning. 
It is important to note that the method merely provides an 
estimate of what the future size and structure of the 
population will be if the components of population change take 
the course specified in the assumptions. 

5.4 METHODOLOGY FOR NA~IONAL POPULATION PROJECTION BY 
THE COMPONENT METHOD 

5.4.1 Inputs Required for National Population Projection 
by the Component Method 

31. One of the most important inputs required for the 
purposes of population projection by the component method is 
data on the age-sex structure of the population from the most 
recent population census. Experience has shown that in most 
developing countries- especially those of Africa- available 
population census data are defective due to under-enumeration, 
over-enumeration and/or age mistatement. They should therefore 
be first evaluated and where the nature and magnitude of the 
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defects are suspected to be serious, attempt should be made· to 
adjust the data before any preliminary projection is 
undertaken. Where possible, the adjustments should remove 
errors of coverage and age reporting. To carry out the 
adjustments, it wUl be necessary to utilize the techniques 
already dealt with in the earlier sections. 

32. The base year populaion age-sex structure used for 
component projection should pertain to the mid-point of the 
year. However, only in very rare cases are censuses taken in 
the middle of the year. Furthermore, in most instances, the 
most recent census data usually precedes the projection base 
year by a few if not several years. Consequently deriving the 
base year population age-sex structure as an input may require 
a preliminary projection to bring the most recent census data 
up to the mid-point of the base year. An alternative procedure 
would be to project the census year age-sex structure in five 
year intervals until immediately beyond the base year. The 
age-structure of population at the mid-point of the base year 
is then obtained by interpolating between the intervals just 
before and after the base year. This type of preliminary 
projection will of course require appropriate assumptions 
regarding fertility, mortality and migration or the age 
structure and growth rate of total population. 

33. A second type of input required for projecting population 
by the component method consists of detailed information on the 
past trends, current levels and patterns of vital rates. 
Various methods of estimating these rates have been dealt with 
in the earlier sections and will therefore not be discussed 
here. However, the type of indices of past and current levels 
of vital rates required as an input will be treated. For 
population projection by the component method, fertility input 
should preferably be specified in terms of gross reproduction 
rate or total fertility rate along with the age pattern of 
fertility rates. Similarly, past and current levels of 
mortality are most convenient for component project ton if they 
are prepared in the form of expectations of life ind age-sex 
specific mortality rates or survival rates. Where the nature 
of data permits, international and internal migation data 
presented in terms of annual or quinquennial net 9,lins/losses 
should be preferred. The value of the sex ratio at birth is 
also needed to enable the splitting of total birth" into male 
and female births. The utilization of existing information on 
recent trends and current levels of lIIOrtali ty, fertility and 
migration makes the formulation of assumptions about their 
future trends a less hazardous exercise. 

34. The third type of input required for population 
projection by the component method is a set of assumptions 
about what the future trends in the components of populaion 
change are expected to be. For the formulation of such 
assumptions, it would normally be necessary to take into 
account anticipated socio-economic changes and the impact of 
any population policies during the projection period. 
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In the case of fertility assumptions, for example, due 
consideration should be given to any expected changes in 
marriage patterns, breastfeeding habits, laws regarding 
abortion or sterilisation, availability of family planning 
methods and effectiveness of contraceptive, as studies have 
shown that changes in these intermediate variables are the most 
important fore-runners of fertility change (Chidambaram, 
1984). Similarly, in making assumptions about the future 
course of mortality, it would be normally necessary to consider 
likely changes in factors affecting mortality and morbidity, 
such as environmental conditions, access to and quality of 
health services, household income, and female education. 
Formulating assumptions regarding future trends in migration is 
a very difficult and speculative exercise. Where international 
migration constitutes a significant part of population change, 
the assumptions should reflect government policies, 
particularly if international migration is subject to 
considerable government control. In countries where 
considerable international labour migration takes place, it may 
be necessary to take into accollnt domestic labour reqUirements, 
domestic labour force and implied need for foreign workers. 
However, changes in the direction and volume of flow of 
international migration are highly unpredictable. 

5.4.2 Assumptions and Techniques of Projecting Vital Rates 

3S. As mentioned ealier, population projection by the 
component method in~olves separate projection of the three 
components of population change (fertility, mortality and 
migration) and the application of the projected vital rates on 
the base year population age-sex structure to obtain the 
projected population. The projections, however, rest on the 
premise that orderly progress will be made and that 
catastrophes, such as wars, famines and epidemics will not 
occur during the projection period. 

36. In projecting mortality as a component of population 
change, two indices of mortality may be employed, namely, age 
specific death rates and age specific survival rates. The 
method of projecting age-pattern of mortality for any specific 

country depends on the type, extent and quality of data 
available at the time of projection. In general, such as age 
specific mortality rates or survival rates, can be projected by 
extrapolation using appropriate mathematical formulae; by 
reference to model life tables or to an optimal life table 
attainable under ideal conditions; and by cause of death. 

37. Where sufficient data on mortality exist over a long 
period of time, life table functions can be projected by the 
use of a mathematical formula. One such formula is represented 
by the equation: 
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(O('r<l) ••• (5) 

where <;Ix n is the probability of dying at age x in the year 
n, bx feflects the level of mortality at age x at a 
particular point in time, rx takes account of the improvement 
in mortality at age x over time, while ax represents the 
ultimate level of mortality at age x (ax' bx>.)' 

38. The ultimate level of mortality, ax' can be estimated 
with reference to its value in countries that have attained the 
lowest level of mortality such as Norway and Sweden, where as 
the values of bx and rx are obtained from trends in 
mortality in the country of interest. For example, the 
improvement factor, rx can be estimated for various recent 
years by using the following between the years t and t+n: 

... (6) 

After comparing the estimated rx at neighbouring ages, a 
reasonable value of tx is chosen for extrapolation purposes 
and the projected probability of death at age x, is then 
calculated using equation (5). 

39. A graphical approach can also be used in projecting for 
eacn selected age, where the observed probability of dying at 
age X in the year m, qx,m is plotted agianst m, preferrably 
in a seai-log graph paper. A snooth curve is drawn 
representing tne observed trend in qx,m over the years, the 
trend ,is then extrapolated graphically to yield the projected 
probability of dying at age x in the year n, <;Ix,n' With the 
graph of neighbouring ages drawn on the same sheet, trends at 
neighbouring ages can be taken into account. 

40. Although the mathematical graphical method of projecting 
mortality may be Simple in its application, a lot is left to 
the discretion of the demographer especially with regard to the 
final choice of the improvement factor, IX' Besides, the 
method takes no direct account of other relevant information 
which may be available to the demeographer, such as the trends 
in mortality by cause and the suspected reasons for these 
trends. 

41. A number of developed countries w,ith detailed reliable 
mortality data covering several decades have been known to 
apply these extrapolation methods (e.g. United Kingdom, 
Canada, Australia, etc) However, their application in the 
African region is fraught with problems mainly because of the 
paucity of reliable mortality data. AS far as is known these 
methods of mortality projection have not been applied in 
African countries. 

42. A second method of mortality projection is by reference 
to a law of mortality. A few of such laws dealing with adult 
mortality include that of Gompertz: 

, _____________________ • ______________ -;1 "v 
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It '" X '-x Bc •• , (7) 

where the force of mortality. 
differential of log (l-q ): 
or one due to Makeham: x 

fx is defined as the negative 

fx'" A + H x 
x + Bc ••• (8) 

and one due to Barnett of the form: 

q IP '" A - H x x x 
x 

+ Bc ••• (9) 

In each of these laws C> 1 and is allproximately 1.08. Recently 
Heligman and Pollard (198~) proposed a formula which takes into 
account child and adult mortality: 

c 2-
qx/Px'" A (x+B) + D eXll (-E (in (x/F») .. GHx ••• (10) 

Tbe first term reflects earlv childhood mortality, the second 
term accident mortality at the younger adult ages and the third 
a term for old age mortality. 

43. A Campbell of the US Bureau of the Census gave a mortality rate 
projection method based on the formula: 

m '" (m o-'m OO)exp(bt)+ m "" x, t x, x. x x,,,,,-, • 

where m tis t4e projected value~of mortality rate at age x and time t, x, 
~: ' 

mx'o is the base mortality rate at age x, 

m" is the expected value of mortality rate in the remote future and 
x,OO 

b is a negative constant depending only on age x. 
x 

Campbell gave a set of m 00 values. x, 
trend of m values of the country. He x 
as ene half of values already attained 
Norway of Sweden. 

" 

The values of b are obtained from past x 
also suggested that m 00 can be taken x, 
by lowest mortality countries like 

44, When the projection of age specific mortality is attempted with reference 
to an~ One of these laws, the curve representing the law is fitted to the 
obse~ed age specific mortality rates at each of several different epocks 
(e,g, by least square or maxi~um likelihood). Trends in the parameters are 
then extrapolated to provide estimates of parameters at future periods of time. 
Projected age specific mortality rates are obtained by substitutins the values 
of the paramaters at the various ages into the formula describing the law. 

, ' 
45. Examples of the application of' the "law" of mortality of the projection 
oi age specif~c mortality rates are few. Cramer and Wold applied Makeham law 
exen/!:!,vel:'!' to Swed:lsb national mortality data (Cramer and Hold, 1935). Heligmar 
and fotlard f~tted thei~ eight parameter curve to Australian mortality data at 
th~ee epochs 1947, 1961, 1971 and found that the parameters seemed to exhibit 
an apparent trend over time and could be' used for mortality projections. 
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46. AlthOUgh mortality projection by reference to a 'law' of 
mortality has some theoretical appeal, it may be difficult to 
f:j.nd a suitable law. Even when a suitable law- can be found, it 
may be applicable only to the data at certain epochs. It is 
also possible tbat the variations in the parameters may not 
follow a discernable pattern over time. Kare pertinent in the 
case of developing countries of Aftica is tbe fact that the 
metbod cannot be applied when mortality data are non-existent 
or available only for a single epoch. 

47. Age speciic mortality rates can be projected by reference 
to model life tables such as Coale and Demeny (1966), Brass 
(1971), and United Nations (1982). These model life tables are 
particularly useful for estimating complete life tables or 
abridged life tables and for projecting mortality from limited 
data. The systems of model life tables differ from one another 
with respect to the number of parameters involved. 

48. The projection of mortality by reference to model life 
tables involves firat, the choice of the system of life table 
that suits the mortality data of the country of interest best. 
Por example, in the case of Coale and Demeny system of model 
life tables, with a single parameter, (the life expectancy at 

age x, Ie 0), it will be necessary to select the appropriate 
model whtcb will continue to represent the mortality patterr. of 
the population under consideration (e.g. Coale and Demeny North 
Model tables). The value of the parameter e 0 is measured ... or observed at each year or epoch. Any trend in the parameter 
is extrapolated by mathematical formula to provide estimates at 
future epochs. Projected age specific mortality rates are 
obtained by interpolating, where necessary, between model life 
tables. 

49. In African countries where data may not exist over a long 
period for the determination of the trend in age pattern of 
mortality, the Coale and Demeny North model life tables, whicb 
have been found to yield consistent results with most 
sub-Saharan African population data can be used. Assumptions 
regarding future gains in life expectancy should be made taking 
into consideration the level of longetivity already attained 
and the possible effect of any mortality and morbidity reducing 
programmes underway. 

50. The assumption in the United Nations 1976 projections • that quinquennial gains in life expectancy at birth,'\, , 
tend to approximate to between :< and :<.5 years when e: is 
less than 55 years and to slow down thereafter, does not 
necessarily have to hold for all populations. For a number of 
countries, non-decreasing gains in life expectancy at birth, or 
gains exceeding 2.5 years may prevail beyond the 55 year cut 
off level. 

----------------------------------~------------------------~----~----~, 
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51. A table indicating alternative models of assumptions 
about future gains in female life expectancy at birth as 
prepared by the United Nations Economic Commission for Africa 
(UNECA) in 1986 is presented in Table 5.1 below. It will be 
seen that the alternative models I, II and III differ in the 
assumed rate of improvement in mortality conditions: rapid, 
moderately rapid and slow improvements in mortality 
conditions. The assumed improvement in mortality conditions 
approach zero as life expectancy at birth rises beyond 80 
years. Where data on past trends in mortality decline are 
lacking, current mortality conditions can be used as a guide in 
choosing one of the alternatives or the values for the purpose 
of mortality projections. 

Table 5.1 Alternative Models of Mortality Decline in Terms of 
Annual Increment in Female Life Expectancy at Birth 

0 0 

Current eo Avera:!e annual increase in eo in :tears 
in years I II III 

Less than 60 0.60 0.50 0.40 
60-62.5 0.60 0.50 0.40 
62.5 - 65.0 0.60 0.50 0.40 
65.0 -67.S 0.52 0.50 0.40 
67.5 - 70 0.44 0.44 0.40 
70 - 72.5 0.34 0.34 0.34 
72.5 - 75 0.25 0.25 0.25 
75 - 77.5 0.20 0.20 0.20 
77.5 - 80 0.14 0.14 0.14 
80 - 82.5 0.04 0.04 0.04 

source: Economic Commission for Africa, Report of the Regional 
Training Workshop on Demographic Estimates and 
Projections in Africa. Vol. 1, Addis Ababa, 1986, 
Table 52(b). 

52. otner JDethods of projecting mortality include projection 
by reference to an ·optimal· life table attainable under ideal 
conditions and projections by cause of death. In the former 
technique, a suitable optimal life table attainable under ideal 
condition is selected from those developed by other 
researchers, taking into account optimal improvement for each 
cause of death. A decision is taken as to how the population 
will approach the optimal mortality-schedule and how quickly it 
wil do so by the use of a mathematical formula. The prOjected 
mortality at epoch n is then calCUlated. 
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S3. The method of projection by cause of death involves 
calculaing age-specific mortality rates by cause of death at 
several recent epochs for selected ages. The age specific 
mortality rates by cause are projected separately using anyone 
of the mathematical or graphical approaches described earll_r. 
The projected age specific IIIOrtality rates by cause of death 
are combined to obtain the projected mortality rate at the 
selected ages. 

54. The choice of metnod for the projection of mortaility 
depends to a large extent on the data available and their 
reliability, the resources available for the prOjection and on 
the purpose for whicn projection is undertaken. The cause of 
death approach is appropriate, if reliable and detailed 
mortality data are available over a long period. In some 
countries of Africa, resonably reliable estimate of current 
mortality rates are still lacking and even in those areas wbere 
they exist, the data may refer; to one point or at most two 
points in time. Consequently estimates about past trends are 
based on conjectures. Statistics available on causes of death 
refer usually only to tbose admitted in hospitals. In tbe 
circumstances, most mortality prOjections in African countries 
are undertaken by reference to model life tables. Age pattern 
of probabilities of surviving corresponding to different levels 
of life expectancy at birth are chosen, and where necessary 
modified according to any existing reliable data. 

55. Assumptions regarding tbe future trends in fertility 
require reasoned judgement. In preparing such assumptions, 
past and current fertility trends in each country are carefU'lly 
studied, but generally, the determination of future trends are 
guided by the logic of demographic transition theory as well as 
by the expected success or failure of any family planning 
programmes in the country under consideration. The logic of 
demogarphic transition rests on the premise that the 
experiences of West European and North American countries with 
regard to decline in fertility will be duplicated in present 
higb fertility areas of the world. Social -and economic 
development will bring with it a lowering of the level of 
fertility. Bowever, the problem with the application of this 
logic Ues on the timing of the onset of decline and in the 
determination of tbe rate of decline (ECA, 1986). In countries 
where fertility rates are already low, the transition from high 
to low fertility took between 80 years in Western European and 
North American countries to less than 50 years in East Asia and 
some smaller countries of Latin America and Africa. 

56. With regard to family planning programmes, most African 
countries have accepted the need for population policies 
designed to reduce fertility. A survey conducted by the United 
Nations in 1980 revealed tbat at least 12 African countries 
rsgarded their fertility rate as too high and had deSigned 
policies to reduce the rate. In the circumstances, prOjected 
trend of the level of fertility should be tbat of a decline at 
some future point in time, with the onset and the tempo of 

h I "--.f"'"!' 
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decline determined by the effectiveness of family planning 
prograJlllll!!!l1-- .,and . ;~nvi.saged .. changes .lnthe socio-cultural 
cond,l..t,LOnl! .';in c !;.be :country y.nder consider at10n. 

5J·, FQr .component Noject:ion purposes" the" projected trend. in 
fertility ahou1d preferably be given iiin.· the form of gross 
reproduction rates and age pattern of fertility or age specifiC 
fertility rates. Unlike mortality which has an almost 
univeraal tendency to deCline, fertility neither tends to its 
possible maximum or minimum level~ ',:-11\ :recognition of the fact 
that several possibilities for th'e:'future trends in fertility 
appe~l:Oi be equitlly ~plausible,; United Nations projections of 
f,rti·l,j.ty ,are.cllrried out under three or more variants. Tile 
iangss a_g" the high. medium and low Var iants are baaed on 
"lOaU\lled length of time needed £.or ,t.he gross reproduction rate 
to·.,;reach 1.0 and the timing of decline. The variants 
correapond to the high, medium and low levels of population 
growth. 

58. In Table 5.2, for example, the United Nationa' projected 
gt·oss reproduction rat-es for west Africa for the period 1975 to 
2025 are presented. They indicate a constant gross 
reproduction rate (GRR) for the period 1975-1985 for each of 
the three variants, and thereafter there is a slow decline for 
the .medium variant and a much faster decline for the low 
variant. 

Table 5.2 projected Gross ReEroduction Rate for west 
Africa 1975-2025 

Gross Reproduction Rate 
Period 

High Medium Low 

1975-1980 3.33 3.33 3.33 
1980-1985 3.33 3.33 3.33 
1985-1990 3.33 3.2,4, 2.71 
1990-1995 3.26 3.09 2.18 
1995-2000 3.16 2.89 1.86 
2000-2005 3.02 2.64 1.63 
2005-2010 2.85 2.37 1.48 
2010-2015 2.65 2.10 1.35 
2015-2020 2.44 1.83 1.26 
2020-2025 2.22 1.56 1.29 

source: United Nations: Population Projections, 
Methodology of the United Nations, New York 
1984. Table 2. 
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59. In projecting fertility for individual countries due 
regard should be g1"en to any anticipated or possible cbanges 
in age pattern of fertility. Future illProveaent in fertility 
proj~tions will be _de if sufficient data are available for 
incorporating inter.ediate variables in fertility projections, 
and for predicting future birtb expectations. 

Tecbniques of projecting Migration 

60. For .ost countries, net aigration is quite negligible and 
for projection purposeS it is usually assuae4 to have an 
insignificant effect 00 populatioo change. However, for a 
oUJlber of countries, especially tbe saall ones, net aigration 
aay contribute Significantly to population change. In such 
cases projection of algration sbould be attellPted. 

61. The greatest obstacle to tbe projection of aigration is 
the fact that aigration is affec;ted to a large extent by 
social, econOllic and political circuastances in countries of 
origin and destination and predicting tbe future trends in 
these factors is a particularly precarious task. Furtber.ore, 
in .ost countries of tbe world, especially those of Africa, the 
current levei of aigration is unknown. Consequently predicting 
future mgration on tbe basis of past and current levels 
constitutes a conjectural exercise. 

62. One of tbe _tbods used to project aigartion directly is 
tbe _tbe_tical _tbod. Migtation can be related to ti_ or 
to so.. socio-economic variable, sucb as labour force or 
eJlPloyaent opportunities, industrial growth etc. The 
_theaatical _tbod assumes tbat there exists a higb 
correlation between proportional changes io net migration and 
changes in tbe socio-economic variab~es. 1:0 In' st African 
countries tbe detailed data required for stl' ying these 
relationship are at present lacking. 

63. Indirect _thods can however be used to proje. , migration 
in countries where data are available on population 
distribution by age and sex and place of birt l for two 
consecutive censuses. The census cohort-change rat $ obtained 
frca tbe results of the censuses can be used to proJ,ct cohorts 
already alive at tbe later census, provided the two censuses 
are comparable in scope and coverage and assuming that such 
cohort change rates remain constant or can be suitably modified 
on the basis of current information. In this way both 
mortality and migration projection !lre taken care of at the 
same time. Bowever, the method does not allow for calculation 
of cohort-change rates for tbose born during the intercensal 
period. 
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5.5 ILLUSTRATIVE BltAMPLB OF IIATIOlIAL POPULATIOII PROJBCTIOII 
BY THB COMPOIIBHT METHOD 

A Summary of Procedures: 

64. Tbe first step in national population projection by tbe 
cobort-coJtP(lnent lletbod is tbe cOlIPilation and evaluation of 
tbe available data on age-sex structure of tbe population and 
on the levels and trends of fertility. mortality and. wbere 
necessary, aigration. Appropriate adjustaents are made so tbat 
tbe measure of vital rates appear reasonable and age structure 
is internally consistent and compatible with estimated vital 
Fates. Preliminary projection may have to be carried out in 
order to bring the most recent census data forward to tbe 
mid-year of tbe base period. 

65. Tbe next step is to derive (5 year) age specific survival 
rates from the mortality assuaptions. In the case wnete use is 
made of model life tables, interpolation for survival ratios 
may be made for projected levels of mortality tbat fall witbin 
the printed levels. 

66. PrOjected age and sex-specific five year survival ratios 
are successively applied to the age sex distribution of 
population at the beginning of the interval to obtain survivors 
aged S years and over at the end of the interval. For example, 
tbe numbers alive aged x to x+4 at the initial time t, 
Sill 

are projected as urvivors aged x+5 to x+9 at tiae t+S, 
t+5 

Sllx+S as follows: 
t t+S 

sIIx (SLx+5/SLxl = Sllx+S. X= o,S •••• ,w-S 

where w is the hi'lhest 'liven a'le taken as a multiple of 5, 
SLx is the usual life table population wbose value is 
chosen from the appropriate model life table representing the 
level of mortality of the country in tbe interval of time t to 
t+S. Similarly, tbe numbers aged w years and OVer at time 
t.# 

t 
Sllw+ are projected as survivors aged w+5 years and over 
at time t+S ie. t t+S 

Sllw+(T(w+5)+/Tw+) = SiI(W+5)+ 

Using projected net international migration rates, if 
necessary, net cbanges among survivors aged 5 years and over 
due to migration are calculated. The number of survivors are 
modified by these chang~s. 
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67. Projected age specific fertility rates are then applied 
to the' average 0lUUbet of femaljlls in ea~lL Qf>:repr()du,?:~ive age 
grQUps andthii sum 'or the proouctS:~'i.s mU~!,(i~El,a:by5' tQ obtain 
total number of births during the five-"year' interval. In 
symbols, 

49 
B(t, t+5) = 51:0.5 

i=15 
.' .. ~. 

JlIbere B{t, t+5) = total birt¥ t!etweentiD!et.and t:t:; 
F(i) = age spec.i~i9' ,fel'til!t.y ra\:esdlt;age "i" c 

i = 15..,:j,?,.~!l,~24t" .. " 45-49,.",,~" 
~(j.,t) - temale.PQpulat.l<lJ"""aged, i .at, Ume .t 

-. . ."., 

,', 'H .'(il) 

PIi, t+5) = female population .aged i ~t ti.1U! t+5 

68. 'll.le t;ot.alnumber of b.iJ;tlls, B( t, t+5) in, t~e 5 year 
.intervi/.l is distributed according· to an assumed sex ratio; at 

" . birth. 'lhenumbers of birtbs for each sex is: :t~n.;,multiplied 
by the appropriate survival ratio of births in order to obtain 
the number of survivors at the end of the interval. 'lhe net 
balance. of migration· is added or SUbtracted, from,\:he surviving 

,birth.,o~ eacb age and sex to obtain population aged 0-4 at the 
: end ot thee .iJ;lte,rVal. 

69. For projectiQn tQ the end of s~bsequent five year 
periods, t+10, t+15 etc, the procedure outlined above is 
r'epeated using tbe already projected population at time t+5, 
t+lO etc respectively as the .base, and, applying the .asst1med 
fertility, mortality and migration parameters as well as the 
sex ratio at birth for the respective perioos. 

APpl1cation of the procedure in the pr'aj';ction of the 
Population of The Republic of Sierra Leone, 1975-1995 

70. The last published census of the Republic o~ Sierra Leone 
was conducted, in '1974. ''In .al!alysis of tpe data on age .. andsex 
distribution of ,the population indicated a joint score of 50.3 
for the counVY. Similarly the data on age specific fertility 
rates were found defective •. Brass' techniques of local fitting 
by the logit method was used in adjusting the age and sex data 
while the age specific fertility rates were equally adjusted 
using Brass' PIll' ratio method. 'lhe adjusted age-sex 
distribution of the POPUlation and adjusted age specific female 
birth rates are presented in 'lable 5.3. 

71. It is required to proj~t the population for the period 
)9,75-1990. As tbe, .mQst recent. published .census in this respect 
was taken in December 1974, there was .the need to bring the 
census data forward by six months to mid-year 1975, the base 
year of the projection period. In order to do thiS, the 
official average annual growtb rate of 2.1 percent was used to 
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bring tti~~'dat'a"forwar\I td niid"Ye.it~f97s;· 61J:tij~'}~'~umption that 
< "".' _ -I " 

the age-sex structure of the population coulCl' riot 'have changed 
much within six months. The resulting base year age 
'di-stribut-h>n, 'i's~j>~ented;-'in:~&l:'.:~~.3-... ~,,- -:-';--

\ ___ ~,-; '_,_"> .-, .~"'.-"; ~,._",.~:-.':.-, :'J'.,~... ,-.:. '_ .,-',( 

72 •. ' 'ai:-' ~~~~9 th~ !ri~t~td~ age" ~i~.it-f"'bU~,i'Ob,'?~c_,,§lierra 
Lebne, 1974 witn those of 'Coale andD'elilen:r- Moderli'fe-i::'ao~\, 

"'ie' -wtlil,!"fottnd· ''\;/lltt, -II<>1'th--Mode±-'leve:l-!'~P"'OY'j:<led:"l;he-' e l"se,1' t 
~1:~e~tical H~ ~~, the age structu~j!~'~';:On tp~ *E;is of ~~s 
fFMi'r,\I-' male ,<\.!l;d :J,emale life expectancY' of bittli '~<,\~ ChOS!!.!:\. as 
36,S )fn~ 41.4 .. ' ~~s~t'i~ti vely ,t? !epres~il):Nre m1EfaH~y ley~~:;,~n 
the, fl. '{e yea("po;t.l.Od bef,Q,ie, mid 1??5,~" Frolll, th~n 0'l.. _\1xe 

--eX?eb',ta/lcy at :15ft~~:' ~as pt;<!~ec;ted t,?: fnc~~ase:li,Y ~q~5 ye~tJ);lar 
annul!( as pre!l~E!.ij',' l.n Tai)t.e :5 . • 4. . Wj.t~, reg~f~' ,t6 ferpq'ty 
prtijecj:;ion, th~: 'Q~served '~' pattern' 'lii<js a$~lim~<;l tor"~n 
constlipt throIl9,b' 9~t the ~~&j~ction' ~erl?d. ;'A>J~, ~at~~~~ft 
birth: of 1.03 was assumed!, ~e pr0.l.ed~e!:l ag~LSPHlhe r~m}l,le 
bfrth ,rates uridEit' I;:he thre,,"lTa:riants;'lt<i"as PI:i!~~9 "ed in lXalile 
5.4. 

'I" ~i",', ~:;t' .. ) >".t",.c ?~~_{: 

. ) . ?" ; .. l.i.: ,\~t 

7':1/' ~1)uring t:Jf.t !!J74 census of sielrkri'i.one, "eff"~total ttmti'er 
of fo'reign naUonHs enumerated carn~:t6~79,41:\;:'b);-:':2.9% U'i;'he 
tot~l' populati;orf., As there was no ~Vid(.rce o( ~ $lIj' subst"an~j"al 
emigration fr<iili'Si.erra Leone during 'l::h'~" J;>eriod,;:£t was assliilied 
tha!:"at the national level, interrill'tibbal migrahon di'd)' not 
epnlltcit:pt:e-,-, It '.~rigni£i-eltnt:,-..,ompoft.~':;.of""~~-on--',.gr.~. 
coiise<'!ueiitlytlie" ",neet of net "rnte'rba'tio'ii'a":l''ffil~jrat'l(j'n'''bn 

"-'future~' Poptt~t:-i-en',,*i:z~' 'and 'a<Je ""~t:-f:-t:l~}'.e .' )t,IIIs'·8;sstl".ed'-I:-o-""be 
negligible~ . The enumerated population" 'of'" nationals and 
non-nationals ,together was carried forward in the projection. 
No projections were therefore made for net international 
migration. 

74. The, !1ssumpti<?!ls, qt;.,.f~r,tilit..Y;. ~!lg 'll9HilUtX lIJ,ad,e ,apoye 
were fed'"'irit:othe'proJi"btI-6n,.p=gr~nwie'~i;~'EIj~', .. f'~~Ul tit for '1:oe 
medium variant are presented in '~l:e' :5';'5i';;~-,,::''''''':,''''': 

5.6 ILI.USTRAT'IVE!?Ro.iECTIONin)Fsui-~1pi{j(t ~Pcil?i1LATIONs ,,; 

75-, ' A l)U11lber of methodsttescdbed"~~m1ier"~:"be" 1tSed--'for 
, " ' " , I 

projecting sub-nati'onal populations. . These llJethods include 
mathematical method, the ratio meth.pd ,.az;t:" some. ot~er 
miscellaneous methods; such as economic: inethod'ata the'hol'Jl'ng 
capacity method. The sub-national popu1'ation 1:ilferred to in 
this context include those of regions, ,districts, .~provinces or 
geographical divisions. of the country' a~ well"~~ urban!l:jl,cal 
and city populations •. The choice of .inel:hocf'~f~C sUb-'nat'ional 
projections depends to a large extent on'the nature and quality 
of available data and the purpose Wbich the .. projection is 
expected to serve. , '. ;; ~ ) 'Z> 
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Table 5.3 Adjusted Age-Sex Distribution aDd Adjusted 
Age-Specific Pemale Birth Raeea, Sierra Leone 
1974/1975 

Adjusted pop. Age Sp<Jcific Base Year populafion 
Dec. 8, 1974 Peaale Birtb lIid Year 1975 

Age group Male Pemale Rates Male Female 

0-4 229,127 228,019 231,520 230,401 
5-9 176,167 176,78'3 178,007 178,629 
10-14 151,998 152,701 153,585 154,296 
15-19 135,334 135,633 0.104 136,747 137,049 
211-24 121,531 119,841 0.146 122,800 121,093 
25-29 105,570 103,474 0.138 106,673 104,555 
311-34 90,645 89,482 0.103 91,592 90,417 
35-39 77 ,551 76,922 0.083 78,361 77,n5 
411-44 65,971 66,223 0.040 66,660 66,915 
45-49 54,996 56,459 0.026 55,570 57,049 
50-54 44,957 47,569 45,427 48,066 
55-59 36,336 39,656 36,716 40,070 
60-64 24,986 28,358 25,247 28,654 
65-69 19,390 22,724 19,593 22,961 
70-74 13,271 16,343 13,410 16,514 
75-79 7,519 9,929 7,598 10,033 

80+ 3,972 5,7l2 C,013 5,782 

'l'OTALS 1,359,321 1,375,838 1,373,519 1,390,209 

2,735,159 2,763,128 

Table 5.4 Projected Mortalitx and Fertilitx SChedule, 
Sierra Leone,1975-90 

Year Gross Reproduction Rate Life Expectancy at birth 
(GRRI (in yearsl 

under the three variants 
Male Female 

lIigh 3.2 
1975-80 Medium 3.2 41.4 43.9 

Low 3.2 

lIigh 3.3 
1980-85 Medium 3.2 43.9 46.4 

Low 2.9 

lIige 3.3 
1985-90 Medium 3.2 46.4 48.9 

Low 2.6 

--______________________________________ -,'·_1~' 



Table 5.5 projected population of Sierra Leone, 1980, 1985 and 1990 
Using the Medium Variant Assumption 

Age 1980 !!I85 1990 
Group Females Males Females Males Females Males 
00-04 287,809 289,891 334,780 • 338,077 381,008 385,853 
05-09 208,036 208,614 262,919 ZU,441 309,364 312,180 
10-14 171,715 171,239 200,842 201,574 254,894 256,481 
15-19 150,020 149,329 167,426 166,932 196,333 196,970 
20-24 132,826 131,873 145,823 144,451 163,167 161,905 
25-29 H6,7U 117,527 128,509 126,664 141,499 139,207 
30-34 100,230 101,823 112,379 112,634 124,112 121,821 
35-39 86,113 87,012 95,898 9' , 55 101,968 107,890 
40-44 73,514 73,788 81,922 82,367 91,638 92,399 
45-49 62,998 61,993 69,626 69,055 77,879 77,515 
50-54 53,159 50,786 59,031 57,072 65,562 63,984 .., 
55-59 43,837 40,453 48,822 45,640 54,551 51,681 

..., 
"" 60-64 35,178 31,381 38,859 34,985 43,650 39,847 

65-69 23,588 20,187 29,355 25,416 32,813 28,149 
70-74 16,974 14,041 17,860 14,781 22,599 18,971 
75+ 24,265 15,500 20,840 14,975 20,549 15,614 
TOT A L 1,581,091 1,565,491 1,814,891 1,796,309 2,081,586 2,071,067 
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Projection of Sub-divisions of a country: 

76. considering the nature and quality of data available for 
projection of sub-national populations in Africa, especially 
with regard to internal migration which constitutes a major 
component of population change in sUb-national populations, the 
ratio method is probably one of the most satisfactory 
procedures for projecting the population of Sub-divisions of a 
country, that is, assuming that the country's total population 
has already been projected by other methods. The ratio method 
is based on the relationship between the population of 
sub-areas and ~hat:p~: 1;,1>\l: q<ltj.Qn as a whole~ The ratios of 
sub-area popul~t~op to,"t,l'taf! ,of' the whole colin~ty" are calculated 
for the dates fQJ; wllidh ',:ce,ng~s data are available. An attempt 
is made ,to prcfject the trend in the ratios to future dates on 
the basis of certain assumptions 

77. The inputs required include: 
(i) Data':f.;!r ,at least '1:.wocensuses that are con<parable in 

scope and coverage and ,show 'tne distribution of the country's 
total population by sub,.areas. ' 

(ii) A projected population by sex and age of the whole 
country COVering the dates for which the sub-area population 
projections are required. 

78. In the ()ase where data exist for two censuses on the 
distribution of the total country population by SUb-areas, the 
projection of the sub-area population involves a number of 
steps. First, the ratio of the sub-area to total country 
population is calculated for each sub-area at the two census 
dates. The average annual rate of change in these ratios over 
the inter-censal period is calculated using, for example, the 
geometric growth formula. The derived average annual rate of 
change in the "ratios is assigned to the midpoint of the 
inter-censal period. 

79. ~he next step involves the formulation of assumptions 
regarding the future trends in the rates of change of observed 
sub-area ratios, ie. projecting the observed rates of change of 
sub-area ratios to future dates. Over the intercensal period, 
the observed ratios may have increased, decreased or 
remained constant. Where majority of the sub-area ratios have 
remained constant or shown very little change, the sub-area 
ratio may be held constant at the last observed leVel, 
especially if the projection is for a short period of time. In 
the cases where data for more than two censuses are aVailable, 
the general methods are ,given in the ECA training workshop on 
demographic est;il)lates and projections (EeA, 1986). 

80. On the q~sis of the assumption made, the rates of change 
of the ratios for the different intervals of projection are 
obtained for 'each sub-area and by applying these rates of 
change to the base year ratios, the projected ratios for the 
sub-areas are obtained. In the cases where the prOjected 
ratios for all the sub-areas do not sum up to unity, the ratios 
are prorated to add up to 1. 
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81. It may be further required to distribute the projected 
sub-area total population by sex and age. To do this, the 
projected population by sex and age and regions is obtained,by 
applying the difference elimination method to the two sexeS 
separately (ECA, 1986). 

Illustrative example with th@ data for Sierra Leone 

82. The procedure for projecting sub-national population by 
the use of the ratio method is illustrated for the 13 districts 
of Sierra Leone (Tables 5.6 and 5.7). The ratios of the 
district population to that of the whole country in April 1963 
and December 1974 are as shown in columns 2. and 3 of Table 
5.6. The observed average annual percentage rate of change 
between 1963 and 1974 in the sub-area ratios, are calculated 
and presented in column 4. It is important to note that the 
observed rates of change are assigned to the mid-point of the 
intercensal period in this case approximately around February 
1969. On the assumption that the observed intercensal 
percentage rates of change of the ratios will fall linearly to 
zero in 50 years time, the projected rates of change of the 
sub-area ratios for the periods 1974-5, 1975-80, 1980-85, and 
1985-90 are calculated and shown in columns 5 to 8. On the 
basis of the results, the sub-area ratios Observed in December 
1974 were extrapolated to mid 1975, 1980, 1985 and 1990. For 
Bo district, for example, the ratio of BO district to that of 
the whole country population was 0.0962 in April 1963 and 
0.0796 in December 1974. The observed annual percentage rate 
of change of the ratio in the period 1963-74, r63-74 is 
derived from the equation: 

O.0962(l+r63_74)ll.67= 0.0796 

which yields an r63-74 value of -0.0161 or -1.61 percent. If 
the annual rate of change has to fall to zero in 50 years then 
annual fall is 1.61/50 = .0322. From December 1974 to mid 1975 
ie. 6 montbs, the fall in the rate of change is 0.0161. 
The Ratio of Bo District population to that of the whole 
country by mid 1975, R75 can be obtained as 

R75 = R74 (1-0.0161)°·5 
= 0.0796(1-0.0161)0.5 = 0.0790 

Similarly Rao = 0.790(1-0.0124)5 = 0.0742 

These results are shown in the preliminary projected ratios in 
Table 5.7. It will be seen from the table that sum of the 
ratios of all the districts do not add up to one. A pro-rata 
adjustments is carried out to ensure that the ratios add up to 
one as shown in Table 5.6. The projected total population of 
Bo district is derived by multiplying the ratios shown in Table 
5.8 by the projected total population of the Whole country in 
Table 5.5. 



Table 5.6 

District 

projection of the Population of Sierra Leone By the Ratio 
Method from 1974 to 1990 

Ratio of District Pop. 
to National Pop. 

Observed Projected avearge annual percentage 
AVerage change of the ratios 
Annual 

Avril 1963 Dec. 1974 percentage 
rate of 
change 

BO 
B/Sherbro 
Moyamba 
Pujehun 
Kailahun 
Kenema 
Kono 
Bombali 
Kambia 
Koinadugu 
portLoKo 
Tonkolili 
If/Area 

Total 

.0962 

.0366 

.0768 

.0389 

.0689 

.1043 

.0770 
• 0912 
.0632 
.0592 
.1135 
.0846 
.0894 

1.0000 

.0796 

.ono 

.0690 

.0376 

.0659 

.0975 

.1203 
.0854 
.0568 
.0581 
.1068 
.0754 
.1156 

1.0000 

1963-1974 1974-75 1975-60 1980-85 1985-90 

-1.61 
-0.19 
-0.91 

1.29 
-0.38 
-3.58 

3.89 
-0.56 
-0.91 
-0.16 
-0.52 
-0.98 

2.23 

-1.56 
-1.04 
-0.79 
-0.25 
-0.33 
-0.51 

3.39 
-0.49 
-0.79 
-0.14 
-0.45 
-0.85 
1.94 

-1.24 
-0.92 
-0.70 
-0.22 
-0.29 
-0.45 

3.00 
-0.43 
-0.70 
-0.12 
-0.40 
-0.76 

1.72 

-1.08 
-0.80 
-0.61 
-0.19 
-0.26 
-0.39 

2.61 
-0.38 . 
-0.61 
-0.11 
-0.35 
-0.66 

1.50 

-0.92 
-0.78 
-0.52 
-0.17 
-0.22 
-0.33 

2.23 
-0.32 
-0.52 
-0.09 
-0.30 
-0.56 

1.27 
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Table 5.7 Preliminary Projected Ratios of the District to 
National population, Sierra Leone, 1975 to 1990 

-----------------------------------------------------
District preliminary Projected Ratios 

1975 1980 1985 1990 
-----------------------------------------------------
80 0.0790 0.0742 0.0703 0.0671 
Bonthe & Sherbro 0.0318 0.0304 0.0292 0.0281 
Moyalllba 0.0687 0.0664 0.0644 0.0627 
Pujehun 0.0376 O. 0371 0.0368 0.0365 
KIIUahun 0.0658 0.0647 0.0639 0.0632 
Kenama 0.0973 0.0951 0.0932 0.0917 
Kono 0.1223 0.1418 0.1613 0.1801 
Bombali 0.0852 0.0834 0.0818 0.0805 
Kambia 0.0566 0.0546 0.0530 0.0516 
Koinadugu 0.0581 0.0577 0.0546 0.0543 
Port Loko 0.1066 0.1044 0.1026 0.1011 
Tonkolili 0.0751 0.0723 0.0699 0.1680 
Western Area 0.1167 0.1271 0.1369 0.1458 

--------------------~---------------------------------
Totals 1.0008 1.0092 1.0179 1.0307 

Table 5.8 Projected Rati~s of District to National 
Population, Sierra Leone, 1975 to 1990 

District Projected Ratios 
1975 1980 1985 1990 

-----------------------------------------------------
Bo 0.0789 0.0735 0.0691 0.0651 
Bonthe & Sherbro 0.0318 0.0301 0.0287 0.0273 
Moyamba 0.0686 0.0658 0.0633 0.0608 
Pujehun 0.0376 0.0368 0.0362 0.9354 
Kailahun 0.0658 0.0641 0.0628 G.0613 
Kenama 0.0972 0.0942 0.0916 0.0890 
Kono 0.122.2 0.1405 0.1584 0.1747 
Bombali 0.0651 0.0826 0.0604 0.0781 
Kambia 0.0566 0.0541 0.0521 0.0501 
Koinadugu 0.0581 0.0572 0.0536 0.0527 
Port Loko 0.1065 0.1035 0.1007 0.0981 
Tonkolili 0.0750 0.0716 0.0687 0.0660 
western Area 0.1166 0.1260 0.1344 0.1414 

Totals 1. 0000 1.0000 1. 0000 1.0000 
----------------------------------------------------------------



Urban Rural Projection 

83. Another type of sub-national population projection which 
is indispensable in develol'lIIent planning is the projection of 
urban and rural populations. It provides information about the 
levels and trends of urbanization and thus enables researchers 
and policy makers to anticipate SOllie problelllS that are 
connected with urbanization and growth of large urban centres. 
The ratio method, the mathelllStical method and some 
lIIiscellaneous methods can be used in projecting urban and rural 
populations. Bowever, the nature of data available often 
dictates the type of method to be used. Mortality and 
fertility data in African countries are often not classified by 
urban and rural residence. Jlurtherll\Ore, the poor quality of 
migration data makes it extrelllely difficult to apply the 
component methods to urban rural projections. 

84. The historical experience of industrial nations with 
re9ard to the process of urbanization has exhibited a fairly 
regular pattern. At the initial stage, when the econolllY is 
principally a9rarian, the proportion of urban to total 
population is slllall and urban population grows at a slow rate. 
When industrialization takes off, the proportion of urban to 
total population increases rapidly for some time until it 
reaches a high level. Thereafter, the 9rowth rate of the 
proportion slows down and eventually declines to zero. Because 
of the analo9Y of this growth pattern to that of the logistic 
curve, it was considered realistic to project urban rural 
percentAge by the use of the logistic curve. 

85. The appropriateness of the logistic curve for projection 
of urban proportion becomes evident when one considers the 
index of urbanization, ie. the urban-rural ratio (ORR). Tbe 
rate of change in ORR measures the tempo of urbanization. 
Symbolically, if we denote tI( t) and R( t) as tbe urban, and 
rural population at time t respectively, then, using the 
exponential growth formula, urban - rural· ratio at tilDe t+n, 
ORR(t+n) can be expressed as: 

URR(t+n) = tlRR(t) exp(rn) ••• (12) 

where r represents the rate of growth of URR or the tempo of 
urbanization. 

Prom equation (12), it can be shown that the tempo of 
urbanization, 

1 URR(t+n) 
r = - In---------

n URR(t) ••• (13) 

---------------_._----------..,1'-·' 
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Since Urban Rural ratio at time t, URR(t) = U(t)/R(t) 

1 U( t+n) U (t) 
r = - [In ------- - In -----] 

n R( t+n) R( t) ••• ( 14) 

Re-arranging equation (14), yields 

r =(l/n)[(ln U(t+n)/U(t) - In (R(t+n)/R(t)] ••• (15) 

which is simply the difference between urban and rural growth 
rates for the n year period from time t years to t+n years. In 
other words, the tempo of urbanization is equal to the 
difference between urban and rural growth rates. 

86. In view of the fact that empirical observations have 
shown that urban- rural growth difference (URGD) more or less 
remains constant at least over a short period of time, the 
urban-rural growth difference method has found wide application 
among demographers as a technique for projecting urban and 
rural populations. Assllming that the URGD remains constant 
over the period of projection from equation (12) as follows, 
the urban_rural ratio at time t+n is projected as follows: 

URR(t+n) = URR(t) exp(URGD .n)=URR(t) ern •• • (16) 

Once the urban-rural ratio at time (t+n) is derived, the 
projected proportion of total population urban, 

URR(t+n) URR(t)e rn 

PU(t+n) = ----------- = -------------- (17 ) 
1 + URR( t+n) 1 + URR (t) ern 

which is the equation of the logistic curve 

87. The United Nations has however noted that assumption of 
the constancy of URGD may not be justified, as empirical 
evidence has indicated that the difference declines over time. 
In order to compensate for this tendency, a method of modifying 
the URGD as urbanization increases has been developed (United 
Nations, 1980). Weights were introduced to adjust the urban 
growth rate difference in such a way that as the initial level 
of urbanization increases, the difference between the urban and 
rural growth rate diminishes. To do this, a hypothetical 

urban-rural difference, URGDH is introduced with URGDH = 
0.044177-0.028274 (initial proportion urban). Weights, ware 
then given to enable an adjusted urban-rural growth difference 
URGD* to be calculated for the different projection periods, as 
follows: 

URGD* = w.URGD + (l-w)URGDH ••• ( 18) 

The values of w start with 0.8 in the first projection period 
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and decline linearly by 0.2 for each subsequent five year 
period (UN, 1984). The respective values of URGD* for each 
period are then introduced into equation (16) so that 

URR(t+n) ~ URR(t) exp(URGD*.n) ••• (19) 

88. In caseS where the 
depicted by the logistic 
Gompertz curve, 

pattern of 
curve, other 

t 

urbaniaation is 
types of curve 

Ut = ab, may be fitted to the data at 

not 
like 

two points in time and the values of the constants a and b 
determined. With these values, the urban population at any 
point in time can be projected using the Gompertz formula. 

Illustrative Example of Urban-Rural Proiection 
Using Sierra Leone Data 

89. The inputs required for the projection of urban and rural 
populations are the distribution of population by urban and 
rural residence at two census dates and the projected total 
population at future paints in time. In the case of Sierra 
Leone, the inputs required were obtained from the census 
results of 1963 and 1974 and the projected total population for 
the future periods. For illustration, the medium variant 
projected population of Sierra Leone 1985 (Table 5.5) will be 
used. As shown by the April 1963 and December 1974 censuses, 
the urban-rural population distribution were as follows: 

Date 
April 1963 
Dec. 1974 

Total population 
2,180,355 
2,735,159 

Urban 
412,254 
752,026 

Rural 
1,768,101 
1,983,133 

90. As a first step, the urban· rural ratio and tbe 
exponential growth rates for urban and rural populations 
between 1963 and 1974 are calculated and the resulting initial 
URGD is determined for the period 1963-1974 as follows: 

1 (752,026) 
Urban growth rate = In ------- = 0.0515 

11.67 (412,254) 

1 (1,983,133) 
Rural growth rate = In ----------- = 0.0098 

11.67 (1,768,101) 
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The urban-rural ratio in 1974 = 752,026/1982133 = 0.3792 
Unadjusted urban-rural growth difference = 0.0417 

Hypothetical urban-rural growth difference, URGOH, is then 
calculated as 

0.044177 - 0.028274 X 0.2749 = 0.0364 

where the proportion urban in 1974 = .2749. 
Using equation (18) above and the appropriate weights, the 
adjusted urban rural growth difference, URGD* are obtained for 
the projection periods as follows: 

Projected Period 
1975 -80 
1980 -85 
1985 -90 

w 
0.8 
0.6 
0.4 

l-w 
0.2 
0.4 
0.6 

URGD* 
0.0406 
0.0396 
0.0385 

Finally the urban_ rural ratio and the proportion of total 
population urban are der i ved using equations (19) and (17). For 
example, the projected URR for 1975, 

URR75 = URR74 exp[(0.0417) (0.5)] using equation (19) 

= 0.3872 

and the projected proportion urban by mid 1975, PU75 

= URR75/(1+0R::.·'5)' using equation (17) 

= 0.2791 

'fhe urban-rural ratios, proje<.ted proportion urban for the rest 
of the projection periods are presented in columns 2 and 3 of 
Table 5.9. 

91. The projected urban and rural pcpulation in Table 5.9 
refers to total populations. In most cases, it may be further 
required to distribute the projected total urban and total 
rural populations by sex and age. This can be done by the 
method of difference elimination, using the data on age and sex 
distribution of urban and rural populations at the base year as 
well as the projected total country population by sex and age 
and the projected urban and rural totals as inputs (United 
Nations, 1974). The procedure is illustrated with Sierra Leone 
data, where the 1974 population census data is the base year 
data and the projected total urban and total rural populations 
for 1985 in Tab~e 5.9 are to be distribution by age and sax. 
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Table 5.9 Projected Total Urban and Total Rural Populations, 
Sierra Leone 1975-95 

Year projected 
URR(t} 

projected 
proportion 
Urban 
putt} 

Projected· 
Total 

Population 

Projected 
Urban 

Population 

Projected 
Rural 

Population 

----------------------------------------------------------------
1975 0.3872 0.2791 2,763,728 771,356 1,992,372 

1980 0.4770 0.3230 3,152,588 1,018,286 2,134,302 

1985 0.5875 0.3700 3,611,200 1,336,144 2,275,056 

1990 0.7237 0.4198 4,158,653 1,745,803 2,412,850 

• Obtained from Tables 5.3 and 5.5. 

92. The format for the computation requires arranging the 
data in a JDatrix form as shown in Table 5.10. The base year 
population data in panel A are classified by age and sex as 
well as by urban and rural residence. Panel B contains the 
projected urban and rural totals in 1985 as well as the 
projected total population of the country by age groups in 1985 
(see Table 5.9 and Table 5.).0). The d.ifference elimination 
method described here is an application of a general matrix 
solution for adjusting the information in the cells of the 
matrix in such a way that it conforms to an independent set of 
vertical and horizontal totals. 

93. The first step in the computation involves prorating the 
figures in each row of the base data (Panel A) in the ratio of 
the marginal totals of panel B to that of panel A. The results 
are entered in panel C as a first approximation. Thus, in 
panel C, the number 213,055 entered for urban males· aged 0-14 
is obtained by multiplying 147,661 by the ratio of 804,096 to 
557,292. It will be seen that the results in panel c, when 
added up vertically, will not agree with the vertical totals of 
panel B (ie. the projected urban and rural totals). AS a next 
step, the figures in each column in panel C are further 
prorated in the ratio of the marginal totals of panel B to that 
of panel C and the results are }ant ..... red in panel D. For 
instance, the rural population of 205,768 female, aged 45 years 
and over entered in panels D is obtained as 236,869 times 
2275056/26'8918. Again, when added up horizontally, the 
results in panel D wi! differ from the horizontal totals of 
panel B. The procedure is repeated several times by prorating 
alternatingly in the horizontal and vertical directions until 

-



Table 5.10 Application of the Method of Difference Elimination to a Projection of 
Urban and Rural Population, and of Total Population by Sex and Broad Age Groups, 
Example of Sierra Leone 1985 

Panel A (Base Year Data 1974) Panel B (Projected Totals 1985) 
Sex Age Urban Rural Total Sex Age Urban Rural Total 

Kales Males 
0-14 147661 409631 557292 0-14 ••• 804096 

15-44 203878 392724 596602 15-44 ... 730233 
45+ 40026 165401 205427 45+ ... . .. 261980 

Females Females 
0-14 164062 393441 557503 0-14 ... 798541 

15-44 158506 433069 591575 15-44 ... . .. 731957 
45+ 37893 188867 226760 45+ ... ... 284393 

Totals 752026 1,983133 2,735159 Totals 133614 4 2275056 3611200 
N .,.. 
ID ------------------------------------------------------------------------------------------------

Panel C (First horizontal Prorating) Panel D (First Veritical Prorating) 
Sex Age Urban Rural Total Sex Age Urban Rural Total 

Males Males 
0-14 213055 ':'n041 804096 0-14 286886 513438 800324 

15-44 249544 480689 730233 15-44 336020 417575 753595 
45+ 51045 210935 261980 45+ 68133 183239 251973 

Females Females 
0-14 234995 563'546 746170 0-14 316429 489553 805982 

15-44 196120 535837 726546 15-44 264083 465482 729565 
45+ 47524 236869 276548 45+ 63993 205768 269761 

Totals 992282 2618918 3611199 Totals 1336144 2275056 3611200 
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the discrepancies become negligible. The final age and sex 
distribution of the projected urban and rural population of 
Sierra Leone obtained by using procedure is presented in Table 
5.11. 

94. The recently pUblished preliminary report of the December 
1985 population census of Sie~a Leone indicates that the 
proportion of urban to total population was 0.3180 as against 
0.3700 projected in Table 5.9 (Sierra Leone Government, 1986). 
Thus, judging from the difference between the enumerated and 
prc,jected proportion of total population urban, it would seem 
that during the period 1974 to 1985, urbani2ation may have been 
sluggish. The intercensal period 1963 to 1974 which was used 
as a basis for estimating the urban -rural growth difference 
was also the period soon after the attainment of independence. 
It was a period that witnessed the establishment of more new 
industries and various new organs of government at the urban 
centres of the country to the neglect of the rural areas. The 
creation of such new employment opportunities at the urban 
areas in the period 1963-1974 may haVe triggered off a high 
rategf rural to urban movement of population that could not be 
repeated in the period 1915-1985, a period marked by economic 
depression and rising umemployment in the urban areas. 

95. This phenomenon probably lends support to the view that 
urban~ rural growth difference may not be constant over time. 
Unfortunately most African countries have conducted less than 
three censuses. The projection of future trends on the basis 
of few past observations may be very misleading. Until more 
data are available over a long period of time, results obtained 
by extrapolation of most recent trends should be interpreted 
with a great deal of caution. 
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Table 5.11 Distribution of Projected Total Urban and Rural 
Populations of Sierra Leone, 1985 by Sex and Age 
Using the Difference Elimination Method 

Sex and Age Projected Population 1965 
Group Urban Rural Total 

Males 
0-14 289336 514760 604096 
15-44 326674 403559 730233 
45 and over 71772 190208 261980 

Females 
0-14 314639 483902 798541 
}5-44 265953 466004 731957 
45 and OVer 67770 216623 284393 

Totals 1,336144 2,275056 3,611200 
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