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FOREWORD

Populaticn is at the centre of all plaonning exercises.
It is inconceivable to vigualise that in a modern society
wmeaningful developmental activitiles 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, aemographic 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 socico-economic development with very little,
if at all, of information on their populations. In guite 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 «characteristies like spatial distribution,
component.s 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 resocurces.
ECA, with the assistance of the United Naticas Population Fund
{UNFPA)}, has been assisting many countries undertake scientific
population censuses. Curcently, every English speaking African
country has undertaken atleast one census, and a large number
have two or more post independence censuses.

Az planning needs became more and more specific and
demanding, it has been felt that mere knowledge of the size of
a census-based population ls inadequate. Unfortunately, since
other systems of data collection like civil registration and
vital statistics are incomplete and deficient in most
countries, much reliance is placed on censuses and sample
BUIVeys. 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
aperation invelving the entire population of a country in one
way or the other and involves several steps and stages in its
execution. With very little experience in census taking, with
populations unexposed to statistical enquirjes , with a large
segment of the population illiterate and non numerate, it is
not surprising that in many countries the guality of the
information collected leaves much to be desired. Hence, there
iz always a need to evaluate the coverage, completeness, and
general reliability of data from these sources.
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fo study population dynamics, the census has become the
major, 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 fertility, mortality and migration are resorted to in
view of the failure of direct gquestions to elicit accurate
information. As such, analytical technigues have become the
most efficient and common tool used by statisticians and
demographers 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
ghould be a key factor in the 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 development should include the provision of more
information on the dynamics of population change and the impact
¢f gsuch change on current and future development.

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

Lack of trained wmwanpower is also one of the seriocus
handicaps faced by African countries; it has hampered the
analysis and utilisation of demographic and socio-economic
data, This, to a certain extent, has been ameliorated by the
establishment of regional demographic training institutes and
through inservice or on~the—job training courses, middle level
training programmes and other related activities. 1In spite of
these, it is quite common for much of the data so assiduously
collected not to be promptly analysed, evaluated, interpreted
and used,
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rraining 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., BEven those who are not fortumate to have had such
training can benifit if suitable manuals or work books are made
available. It is im the light of this that it was felt that
the training materials used &t the recently concluded Sub
regional Training Workshop on Demographic Data BEvaluation and
Analysis at the Regional Institute for Population Studies
(RIPS} Accra, Ghana would serve such purposes,

This workshop was cone of the training exercises envisaged
under the Canadian-funded UNFPA Project for Sub Saharan Africa
£forivgg~-92, A similar workshop 1is to be organized for
French-speaking African countries in 198%2. Although the RIPS
workshop dealt only with English-speaking countries, the
experiences gained will alsc 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 Dbeneficial to English-speaking
countries. This workbook may then be suitably adapted to
inciude experiences of all countries in the continent.

Lecturers from ECA, RIPS and the UN Population Programmes
and Projects Branch (PPPB) of the Department of ‘“Pechnical
Co—operation for Development {UTCD) participated in the
training workshop and prepared training materials. A committee
of representatives from ECA and RIPS was responsible for
editing 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 demographic and
related data more fully.

Adebayo Adedeii,

United Nations Under-Secretary General
and
Execuktive Secretary
Economic Commission for Africa.



CHAPTER 1

USES OF DEMOGRAPHIC DATA IR PLANNING

1.1 Intreduction

1. Uevelopment planning is the complex process through which
governments lay down procedures for promoting the economic
objective of growth in the bread macro-economic sense of
augmenting national production capacity on the one hand, and
the social objective of ensuring equitable distribution of
income among the population and also facilitating the
development of their potentials on the other. The process
entails the essential astages of formulation, implementation,
monitoring, evaluation and modification of policies,
strategies, programmes and projects for Jlocal, national,
sub-regional and regicnal 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 demographic data. Thus ipitially, 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 obiectives. 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
lavel, 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 wan-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 inte 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 compesition of which varies according to the focus of the
plan and the nature of' the services to be provided.



4. Furthermore, economic-demographic consideration should of
necesgity 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 wvarious 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 1970 pertinently states that,
*a strategy for the development and utilization of human
regsources must dJdovetail 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.™ (ECA, 1973)
The more recent stratedgy enunciated in the Lagos Plan of Action
emphasgizes the need for better collaboration between
demographers, planners and statisticians in their work at the
national level,(QAU, 1981}, The importance of population
variables in development planning has been further articulated
in the Kilimanjarc Plan of Action for African Pepulation and
Self-Reliant Development (KPA} as well as the United Nations
Programme of Action for Economic Recovery and Development
{UNPAERD} .

1.3 Hature, 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 dSther
regources, population can be a means of achieving planned
development., On the other hand, population changes oceur
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. Decisions as to the type of demographic data needed for
development planning should be based on the relevance 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; they should be such as could support
and promote the realigzation of the economic, social and
political goals set in conformity with the national aspirations
for the improvement of the quality of 1life and living
conditions and for the promotion of balanced development, use
and distribution of resources. In this connection, importance
of the link bhetween 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 Dbecause of
their continuous change and statistical fluctuations arising
from the unpredictability of human behaviour and the varied
extraneous factors {physical, economic, social and gultural)




which influence and often determine the levels, patterns and
forms of demographic development and processes. Furthermore,
ease of weasurement is hampered by the complex
interrelationships among demographic variables which are also
intricately related to other non-demographic factors. This
situation normally complicates the difficulty with which
planners and demographers are able to convince othets 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 plamming includes vital
registration systems, (births, deaths, and matrriages) which in
Africa are incomplete and biased. Sample surveys {demographic,
social and economic), labour gtatistics, international
migration records as well as data on school enrclment, are yet
other scurces.

9, PBut 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.{BECA, 1982). But in spite of these growing use of
censuses, its freguency has been very irregular in the majority
of countries when compared to the norm of holding decennial
censuses, for example. .

10. Closely related to the irregularity of data supply
{census, ’surveys, vital registration etc.), i3 the general
problem of the scarcity and poor quality of demographic data.
Even with the already mentioned progress in eastablishing and
promoting census and survey programmes, notably under the
African census and survey programmes of the United Natiens
Ecvonomic Commission for Africa, the gap, guantitatively and
qualitatively, temains very wide, The coverage of demographic
variables during enumerations has been inadeguate and, wmore
often than not, collected data in the region have content as
well as enumeration errors which mar their guality and
reliability for planning purposes.

1l. The inadequacies of the data call for skill and expertise
in making sure that, as much as possible, the inaccuracies are
reduced to a minimum without necessarily distorting the basic
plcture., Already, there are a number of tools that could be
enployed in dealing with incomplete and inadequate data.{Brass
et al, 1968, Brass, 1975, Bom, 1971, UN, 1967 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 circumspecticon. Good and balanced
judgement should be exercised to ensure that the use of
corrective technigques are not abused and that the adjustments,
contrary to prevailing cultural, Dhistorical, social and
economic conditions, do not just mechanically smoothen away



- -

real and relevant irregularities that may be more revealing of
other significant demographic behaviour patterns. For
instance, where migrations have occurred on a Jliarge 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 ¢f 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
regources in terms of capital, manpower, raw materials,
technology and many others, there is that Dbetween a
comprehensive, integrated planning for economic and social
development at the national and subnational levels and 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
comprehengive and detailed planning that caters for the
interest of all gections of the community, especially the
under-privileged.

13. Subnational and sectcral planning should be undertaken on
the premise that generally, subnagtional units and sectors of
the economy cannot be planned independently. For exanmple,
planning for rural development cannot be done apart from that
for the urban area. Alsc educational objectives cannot be
divorced 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 foocus
of sectoral planning, it reguires increasingly more refined
population data and other statistics.

14, Sectoral planning should generally cover all areas of
gocial policies and programmes as well as human resources
utilization. Ideally therefore, subjects such as education,
health, food supply and nutrition, housing and household,
manpower and employment should be planned individually or in
related combination. In particular, sectoral services and
needs of the 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
the 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 and Use

15, Within flexible limits, it is desirable to maintain a
mininum 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:

Source and Use of Data for Planning Some Basic

Needs

Basic Need/ Demographic and
Service related Data Reguired Uge of Data Source of Data
1. Food and Size and growth of total Determination of food Census and surveys;
Agriculture population by age and sex; demand and supply; agricultural census

agricultural population by age
and sex; economically active
population.

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

Agriculiural labour force;
employment in agriculture

Bopulation settlement and
pattern of distribution of
land and availability.
Migration volume and
direction

Tetal and per caput food intake

Employment. pattern {seasonality,
part-time, under employment) etc.

Quantity of food produced

Infrastructure: roads, markets,
storage, etc.

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
gervices

Vital Registrationg
censusp

Agricultural census,
manpower surveys

Census and surveys;
special land use
survey

Census and surveys;
agricultural Censusj
Demographic Survey, eto.

Census and surveys;:
agricultural survey;
nutrition survey

Agricultural and
employment survey

Agricultural census and
survey

Agricultural census
and survey.



Table 1.1 {(contd.)

Basic Need/

Demographic and
related Data Required

Use of Data

Source of Data

Education

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

Geographic/adminiastrative
distribution of population by
age and sex

Vital rates (births, deaths,
migration}

Size and growth of school age
population and school eénrolment
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 sachools and
places {primary, secondary,
university, technical,
vocational) by locality by
rural-urban residence, and
administrative divisions

Kanpower

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

Optimal allocation

of education facilities
i.e. in areas of greatest
neead.

Ditto

Ditto

Determination of met and
unmet literacy needs

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

Training and budget alloca-
tion

Censua, education
survey

Census, education
survey

Census, vital registra~
tion, Demographic survey

Ditto

Censug, demographic
survey

Educational service
records and statistics

Censua and educational
Burveys, rosters of
teachers, adminiptrative
records, labour force and
manpower surveys, plans and
policies.



Table 1.1 {(contd.)

Basic Heed/
Bervice

bemograpbhic and
related Data Reguired

Use of Data

Source of Data

3. Manpower/
Employment

5ize and growth of total popula-
tion by age and sex, locality
and rural-urban residence

Vital Rates {births, deaths,
and migration)

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

Total number of students enrolled
in formal education by locality,
areas of specialization, ete. and
output from educational institu~
tions (bigher, technical, veoca-
tional).

Level and rate of employment by
Jocality, age and sex, education

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

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

Determination of size,
growth and distribution of
iabour force

Determination of size and
projection of labour force

Potential employment
epportunities

Determination of enrolment
rates and entrants into the
labour nmarket

Appraisal of the
status quo.

Study of prevailing pattern
of household income
distribution

Potential employment
opportunities.

Census, panpower survey

Census, vital registra-
tion, sample surveys

Manpower surveys

Bducation survey, census
and administrative
records

Manpower surveys

Social and economic
surveys Lo measure
levels of living

Development plans;
Administrative reports



Table 1.1 {(cont.]

Basic Need/ Demographic and
Service related Data Hequired Use of Data Source of Data
4. Health Size and growth of total popula- Planning of supply targets

tion by age and sex, locality,
rural-urban residence, etc.

Geographical /administrative
distribution of population by
age and sex;

vital rates (births, deaths,
gstill bicths, maternal
mortality; infant and childhood
mortality etc;)

Age~gex gpecific morbidity data
{maternal, infant, childbood,
adult, and old age morbidity)

Inventory of health problems,
personnel, services/infrastruc-
ture/resources/facilities by
locality, administrative
divisions and acceasibility

Inventory of disadvantaged
groups (mothers, nomads, rural
and urban poer, children,
disabled, etcy

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

(hospitale, clinics,
doctors, beds, etc.} by
locality

Balanced distribution of
services

Projections of future
needs; age and sex sBpecific
analysis of mortality

Diseasge pattern
and incidence

Planning present and
future supply and location
of services

Problem—~targeted health
and welfare planning

Planning for social and
comnunity health and
welfare

Census

Censusg

Vital registration,
hospital records,
denographic surveys,
and census

Hompital records and
statistics, special
BULVEYS

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/ Demographic and
Service related Data Required Use of Data Source of Data
5. Housing Size and growth of total popula-  House construction, demand Census

and Shelter

tion by locality, rural/urban
residence, age and sex

Size and composaition of
households by age and gex

Household headship rates by
age and sex

Population/households with
gervices, 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, ete.)

and target setting by
localiity

Degign and planning
of houses

Demand and supply of
new houses;
Household income and
gxpenditure

Provision of amenities

Replacement and renewal of
old houses and construction
af new ones

pitte

Census, demographic
surveys

Housing survevs,
demographic surveys

Cenaus, housing surveys
and house listing opera-
tions

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

Ditto



Table 1.1 {(cont.)

Source of Data

Basic Need/ Demographic and
Service rejated Data Required Use of Data

6. Transport Size and growth of total Determination of volums of
and Communi~ population by age and aex, gervices required by
cation locality, rural/urban residence locality, etc.

administrative units, stc.

Population that use transport
and communications services;

Population that does not have
access to transport and
communication gervices

Households that have radios,
T.V.8, telephones, etc.

Localities served by post
cffices, postal agencies, etc.,
distance to the nearest service

Determination of volume
and pupply of service

Planning location of new
gervices

Petermination of demand and
supply of services

Ditto

Censusg

Administrative records
on transport,
communications

Special transpo:rt and
communication surveys

Special surveys, census

Administrative records
special surveys; census
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eggential basic needs of the population. In the first place,
gach 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 conducted on a
regular basis, this will facilitate the calculation of the rate
of gyrowth of the national as well as rural-urban populations
and planning for their development needs. The c<ollection 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. To 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 c¢haracteristics 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 Decade called® for greater account to be taken of
the high rate of population growth, uncontrolled urbanization,
high levels of mortality and fertility, the gap in meeting the
needs of large groups for health, eduacation, shelter, food,
employment, etc., and greater opportunities for the advancement
of women and the young.{ECA. 19739)

17. Now, each of the suggested characteristics can be put
specifically at addressing the above issues raised in the
Strategy and indeed to several other uses, The sex-age
composition which is the product of past fertility, mortality
and migration trends influences very much the trend of the
increase of the population. It alasoc influences the size of the
school age population, the labour force and female population
in the reproductive ages. Also, the sex—age structure iz vital
for making component and sectoral projections. For many other
variables, age and gex 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
trends and variations.

18. In order to remedy effectively the high illiteracy
situation in many African countries 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
effectivensss 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 nesds of the system in terms of the supply
of teachers, equipment and the construction o¢f pew schools,
colleges and universities. The projections and estimates
requize to be fed with data on enrolment at succesaive 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 shguld 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 of the active population and of
occupations. HNevertheless, 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 it into the future. Purthermore, data on employment
status, occupation and industry are valuable assets {for
assessing the  wutilization 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 demography contributes to social and
economic planning in terms of programming for the future. In
addition to the future figurea for the total population, it is
necessaty also to consider figures for the country's
administrative divisions, localities of various sizes, and
urkban and rural sectors. In the African experience, decisions
regarding the projection perlod and the relative accuracy
tequired are heavily influenced by the inadequacy of
demographic data and knowledge basic for the projections.
There is no doubt that the enliightened guesses about the future
courses of Ffertility, mortality and migration reguires solid
data bases. In this regard, it should be stated that vital
rates estimated from limited data can only be used as stop~gaps.

22, Given the gross inadeguacy of facilities, health planning
in wvarious countries of the region should commence with an
inventory of resources. Demographic data needed £or the
planning of all types of health services so0 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
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planning of general medical services, and targets for cLhe
number of doctors, health personnel;, hospital beds and other
facilities usually expressed per 1,000 population. The
planning of maternal and c¢hild 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 alse important because a number
of diseases are to some extent age-group of sex-group specific.

23. Because reasonable access to basic health services is
essential, all relevant dJdemographic data should be available
and projections made £or administrative units. Urban~rural
clasgifications are also important, wmainly on acgcount of very
great differences in population size and density, calling for
special types of rural health services. Adeguate 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 reguired 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 indications that future demand for food
in Africa will be determined more by population than income
growth., The type of data collected and used in analysing the
results of agricultural census include variables such as size
and composition of urban and rural populations, agricultural
and farm populations, the economically active population,
employment in agriculture, and related problems of seasonality
of activity, part-time employment and underemployment. These
and some others not listed provide some indications of the
interest of agricultural planners in demo-graphic measures.

28. A useful first-step would be to obtain measures of the
total size of the population and its rate of growth. On a
macro level, the rate of increase in the supply of food should,
regources permitting, be high enough to sustain the rate of
population increase. Esgtimates of per caput food intake should
use the proper total population base projected obijectively into
the future. Both base and projected esgtimates of requirements
should alsgo take account of the age and sex structure.
Apparently, the amount and type of food consumed vary with
age. Thus, it is obvious that the needs of children are not
generally the same as those for working age and aged persons.
In terms of food production, children and very old persgsons
contribute little or nothing and yet their consumption needs
have to be met,
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27+ 8till 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 asgess their impact on the agricultural labour
force. Because of the close relationship between the size of
the agricmltural 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. Daka on the pattern of population
distribution will therefore be useful in planning future
expansion of land use and development of resettlement schemes
for co-operative farming.

28, 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 littie or no food for its inhabitants who generally depend
on the supply from the rural areas. Xnowledge 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
agpecially 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 sex data and also consider regional as well as
tural—-urban differences in population structure and
distribution.
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CHAPTER 2

DATA EVALUATION AND ADJUSTMENT

2.1 Data Collection and Ceollation

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

2. In the 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 raview
facilities for the c¢ollection, <coullation, analysis and
dissemination of statistical and other information required for
charting economic and social development and £for providing a
constant measurement of progress towards the objectives of the
Development Decade.

3. Resolution 1054 B (XXXIX) of 16 3Jjuly 1965 recommended
that the member BStates of UN undertake Lo carry out population
and housing censuses during the period 1965-1974 and that they
take inte account the international recommendations in order
that the censuses may meet national requirements and facilitate

the study of popunlation and housing problems on world-wide
basgis.

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 te the
topics to be covered and the tabulations to be prepared, in
order that regional needs could be met more effectively.

5. Congidering the fact thakt moat of the countries in Africa
emerged from colonial rule to national independence only in the
1960's and the hard reality that at independence they were
faced with 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
gpatial distribution, dynamics and characteristics, it is but
natural that the first priority of the nascent nations was the
collection of as much data as poasible on the population and as
expeditiously as feasible.

Ga With statistical institutions not developed and the
population net much exposed to statistical enguiries, it was an
arduous task to conduct data collecton exercise. The census
became the only source for data in the absence of other systems
of data collection. This necessitated the loading of censuses
with all types of items including stock and fiow data. With no
adeguate trained manpower, with a population not ezxposed to
reporting on various demographic and socio—-economic aspects, it
was but to be expected that the data collected will not be
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without errors, biases and other gdeficiencies. Hence it was
imperative that the data vollected should be evaluated and, if
necessary, adjusted,

7 The ceollection of data being mainly focussed on its
eventual use in planning and pelicy formulation, regquired to be
analysed, interpreted and disseminated. Thus the importance of
fuller utilisation of information coliected was kept in focus
even though 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 given below both for
1970 and 1980 rounds., Also given are illustrative lists of
topics covered by Anglophone countries in the region 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.

Ligst 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, (¢) Place of birth, (4) Duration of residence, (e)
Place of previocus residence, (f) Place of work.

11. Demographic and social characteristics

{g) 8ex, (h) Age, (i) #Marital status {j) Citizenship, (k)
Hationality/ethnic/tribe.

III. Pertility and mortality

{1} Children beorn alive, (m} <Children 1living, (n} Age at
marriage, (o) Duration of marriage, (p) Marriage order.

IV. Household characteristics

(g} Relationship.

g, among these 17 topics, the items d,e,f,j,k,n,0 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 egxceluded items e,9,i and p. However they added
five additicnal items as follows:

(i) Births during last 12 months, (ii} 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 ¢, £,h,i,
k to m and g ameong priority list and items n and © as uzeful

categories for collection. Among the additional items, numbers
i to iii were priority and iv and v as useful items.
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13986 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; amd Deaths of infants within
the 12 months preceding the census and maternal orphanhood,
were added.

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

i3. In 1980 round, the UN recommendations included items a to
e, g to 3, 1, m and q as ailso place of residence at a specified
time in past among priority listing. All other items wers
considered as useful.

14. The African recommedations included items a to 4, £ to i,
k, m and g as also topics (i), {iv), (v} and ({(vi} among
priofity listing and others as useful. '

15. Thus we note that the African countries in their regicnal
recommendations reflected the dearth of data in the continent
amnd the gquest for filling up gaps in information. As evidence
of their denuine desire to c¢ollect a wide variety of data 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 npumber of topics included in the
censuses, it has also been noted that the depth and breadth of
the scope of the topics were alsc widened from 1970 experiences
and the ever increasing neede for data for planning and policy
making. It ig also noted from Table 2.2 that at Jleast the
quality of age-sex reporiing as measured by digit preference
indices and jeint s¢ores have certainly improved.




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

COUNTRY 1970/1980 Relation- Marital Chnild- Chiid- Most Survi-
round cen~ ship Status marriage ren ren recent val of
a8 years Jduration ever living/ birth/ recent/
of marriage born  dead birth lant
last year
year birth

Botswana 1971 X X X X X X

1981 X X X b4 X
Ethiopia -

1984 X b ¢ X X X X
Gambia 1973 X X b4 X X

1983 % % X X X X :
Ghana 1870 by %

1984 X !
Kenya 196% X X X Hd 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 b4
Libya 1973 X X X X X

1984 X ) 4 X X
Malawi 1966 X

1977 X X X X X




Table 2.1 (CONT.)

TOPICS CANVASSED DURING 1970 AND 1980 ROURD CENSUSES IN ANGLOPHONE COUNTRIES

COUNTRY 1970/1980 Survi- survi~ Deaths in Digabi~ Resid~ Place Ethnic/ Citizen

round cen—~ val of val of household 1lity/ ent of tribe/ ship
sug years parent spoise physi/ status birth nation-
cal sta- ality
tus

Botewana 1871 X X X

1981 X X
Ethiopia -

1984 X X X X b 4
Gambia 1973 x X X

1983 X X X X
Ghana i%70 X X

1984 X p A X
Kenya 1969 X X X

1879 X X X
Lesotho 1966 X

1976 X X X X b4
Liberia 1974 X X X X

1984 X b 4 X X b4
Libya 1973 X X X b4 X X

i984 X X X X
Malawi 1966 b 4 X

1977 X X X X ) 4




Table 2.1 (CONT.)

TOPICS CANVASSED DURING 1970 AKD 1380 ROUMND CEMSOSES
IN ANGLOPHONE COUNTRIRS

COUNTRY  1970/1980 Place Usual Prev- Dura—- Residence Place Kenbars
round cen~- of res— res- icus tion of at a spec~ of work/ outside
Bus years idence idence res- tesi- fied time study country

idence dence in past

Botswana 1971 X
1981 X% » x X
Ethiopia -
1984 X
Gambia 1973
1983
Ghana 1970
1984 X X
Kenya 1969
1979 X
Lesotho 1966
1976 X X %
Liberia 1974 ¥
1984 X
Libya 1973 X x
1984 b4 X X b 4
Malawi 1966 X

1877

w’iz_



Table 2.1

TOPICS CANVASSED DURING 1970 ARD 1980 ROUND CENSUSES IN ANGLOPRONE COUNTRIES

COUNTRY  1970/1980 Relation- Marital Child~ Child- Moat Survi-
tound cen~ sghip Status wmarriage en ren recent val of
sus years /duration ever 1living/ birth/ recent/
of marriage born dead birth last
last year
Year birth
Mauritins 1972 4 X X b4 X i
1983 X X b4 4 X X |
Nigeria 1973 X o
- N
8/Leovne 1974 X X X X X !
Sudan 1973 ) 4 X X X X X
1983 X X x ) 1 X X
Swaziland 1966 X b 4 X
1976 X X 4 X X
Tangania 1967 X b4 X
1978 i X X X 4
Uganda 1963 X X X
1980 b 4 4
Zanmbia 1969 X X X X X
1980 X X ;4 X X X
Zimbabwe 1969 X X
1982 X X i X X X




Table 2.1 (CONT, ’

TOPICS CANVASSED DURING 1970 AMD 1980 ROUND CENSUSES IN ANGLOPEONE COUNTRIES

COUNTRY  1970/1980 survi~ Survi- Deaths in Disabi~ Resid- Place BEthnic/ Citizen
round cen~ val of val of houaehold 1lity/ ent of tribe/ ship
BuU8 years parent spouse phyai/ atatus birth nation~
cal sta- ality
tus
Mauritius 1972 b 4 X
1983 X
Higeria 1973 X X
$/Leone 1974 i X x
Sudan 1573 X X X
1983 X X X
Swaziland 1968 X X X
1976 X : X X
Tanzania 1967 X b4 X X
1978 X X %
Uganda 1969 X X
1980 X b:4 X
Zambyia 1969 b4 X X X X
1980 X X X X
Zimbabwe 1969 X X X
jsgz b4 X X

-ugznw



Tahle 2.1 {CONT.)

TOPICS CANVASSED DURING 1970 AND 1980 ROUND CENSUSES
IN ANGLOPHONE COUNTRIES

COUNTRY 1970/1880 Place Usual Prev— Dura- Residence Place Members
round cen~ of res- res- ious tion of at a apec- of work/ outgide
Bus yvears idence idence tes- resi- fied time study country

idence dence in past

Mauritius 1972 X
1983 x » »
Nigeria 1973
§/Leone 1974 b4
Sudan 1973
1983 X b4
Swaziland 196&
1976 %
Tanzania 1967 X
1978 X
Uganda 1969
1980
Zambia 1969 X
1980 X
Zimbabwe 1969 * X x X

1982 X
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Table 2.2
COMPARATIVE EVALUATION OF QUALITY OP AGE~BEX REPORTING
ANGLOPHONE CQUNTRIEE IN 1970 AND 1980 ROUND CENSUSES

Country Year Ade ratic Sex Joint Myers Index
Male Female Ratio Score Male Female
Botawana 1971 5.7 5.6 7.1 32.6 8.5 9.6
1981 3.4 Ded 3.6 19.4 7.1 6.8
Gambia 1973 15.1 25.3 14.7 B4.5 44.7 51.0

1983  15.1 24.9% 14.2 B2.8 42.9 50.7
Ghana 1370 8.3 «6 42,7 16.8 31.2
7 36.4 27.4 33.4
Kenya 1969 5.1 7 32.6 2].2 22.2
4.2 20.2 12.4 15.4

Lesotho 1966 1.0 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 #81.2 27.5 29.4
1984 Te5 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

!ialawi 1966 15.1 16,1 5.3 4?-1 - -
1971 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, 3.2 19%.6 2.1 2.3

Siecra 1974 13.0 16.1 8.5 B54.6 44.4 47.2

Leone 1985

Sudan 1973 17.7 20.7 9,6 67.2 48.2 56.0
1983

Swaziland 1366 1746 11.4 9.4 57.2 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 5.2 32.1

Uganda 1969 8.3 12.3 8.9 47.3 4.6 33.3
1980

Zambia 1969 l4.4 8.8 14.6 88.2 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, the tabulations prepared by countries on the basis
of the data collected, have been more im line with analytical
needs unlike in the past when analysis was an after thought.

Tabulations recommended by UR (Basic demographic characteristics)

1970 round

A Geographical and migration characterisgtics

{a) Total population and population of major and minor c¢ivil
divisions, by sex.

{b} Population in localities by size class of locality and sex.

{¢} Population of principal localities and of their urban
agglomerations by sex.

{d) Hative and foreign born population by age and sex.
{e) 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 Jlocality and major
givil division, age and sex.

th) Population by place of uswal residence, place of previogus
regidence and sex.

B. Demographic and social characteristics

{i} Population by single years of age and sex.
{i1 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.

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

Ca Fertility and mo:taiitg characteristics

{n} Female population 15 vyears of age and over by age and
number of children born alive,

(o) 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
marxiage, by age at marriage, duration of marriage ang
number of children born alive,
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D. Household characteristics

{q) Population in households by relationship to head of
household, marital status and sex.

17, Among these tableg f and ¢ were recommended but were
given lesser priority and tables gq,h,l,m, and p were suggested
as ‘other useful tabulations.' Thus only & basic list of ten
tables were recommended az first priority tables to be produced
on demcgraphic variables from the 1970 censuses.

ia. For the African region, the list included only tables a
to e, i,j, n and o. These were in line with the major
objectives of the census of that period to, ‘determine the
number and present distribution of the population® and to a
certain extent to ‘'determine population structure based on
selected socio-economic characteristics.’

1980 round

19, he tables suggested for 1980 included all those
recommended for 1970 in addition to the Eollowiny:

(i} Population ....» years and over by place of usual
residence, place of residence at a specified date in the
past, age and sex.

{ii) Pemale population ...+ €0 49 years of age, number of live
births within the 12 months preceding the c¢ensus, and
deaths among these live births.

{iii) Population by maternal orphanhocod and age.

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

21. The African minimum recommendations were very similar to
those for 1970 but added the tables k and w from the 1970
recommendations and thus excluded only table £,9,h,1, p and g.
However, dquite a large number of additional tables were
suggested which were not included in the 1970 series. These
are:

iXe Population by sex, age and relationship to head of

household.

ii) Population by sex, age, region of birth and region of
enumeration.

iii) VPopulation by sex, age, place of usual regidence and
place of enumeration.

iv) Population by sex, age, place of birth (in relation to
place of enumeration) and duration of present residence.
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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 wvariety 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 19890
round censuses and see what kind of tabulations were made and
how changes have ogccoured. 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 alse should reflect this explosion; especially since
the census is the only source of national data and most
countries rely eon the census to collect all types of
information.

- Liberia
1974 census

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

Ze 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.

He Population by sex, by citizenship, by place of bpirth {in
Liberia and outgide} by tribal affiliation.

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

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

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

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

1a. Place of birth of persons born in Liberia by place of
residence, and sex.

11. Foreign born population by c¢itizenship, place of hirth
and sex, county/territory.

1z, Citizenship of the Population by age and sex by
county/territosy.




13.

14.

15.

16.

17.

1g.

19,

2.
3.

4.

7.

8.

9.
16.
11.
12.
13.
14.

15.
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Length of residence in county/territory of enumeration by
age and sex, county/territory.

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

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

Relationship to head of household by age and sex.

Number ©f children ever porn for women 15 plus by current
age, county/territory.

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

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

1984 census

Rumber of localities, by size, population and sex.
Population by single years of age and sex.

Persons born in Liberia and born elsewhere by age and sex.
Place of birth of persons born in Liperia by age and sex.

Poreign born population by country of birth, citizenship
and sex.

Citizenship of population by age and sex.

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

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

Marital status of the population 10 plus by age and sex.
Number of households and population by size of household.
Heads of households by sex, age and activity status.
Relationship to the head of household by age and sex.
Bthnic affiliation of the population by age and sex.
Religious affiliation of the population by age and sex.

Religious affiliation of the population 10 plus by
marital status and sex.



16.

17.

18.

13.

20,

L.

2

4.
L

6.

8.

1.

2.
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Religious affiliation of the population by ethnic group
and sex.

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

Number of children who died for women 10 plus hy curreat
age of women.

Number of children surviving £or mothers 10 plus by
current age of mother.

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

Sudan
1973 census

Provincial level (10 provinces)
Population by place of residence, mode of living and sex.
Population of towns by seX.

Population and households by size of houshold and
institutions.

Population by age and sex.

Population by marital status, age and sex.
Population born in Sudan and outside by age and seX.
Population by place of birth, age and sex.
Population by nationality, age and sex.

National

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

Population by place of birth and province of enumeration.

Soc¢io~economic characteristics for 35 3selected towns
{urban}.

{rban population by sex and size class to towns.

1983 census
Provincial level (18 provinces)

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




r

3.

4.

5.

6.

7.

8.

9.

10.

1l.

12.

13.

14.
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Population by single and £five year age groups, sex
urban/rural ahd nomadic.

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

Households by size, population and number of family
nucleus.

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

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

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

Ever married women 12 plus by age, number of children
ever born, urban/rural.

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

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

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

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

Non 3Sudanese by continental origin by sex, broad age
groups and place of birth.

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 is given below:

1.

24

3.

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

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

Ever married females by age, children ever born by sex of
children {(urban/rural).



4.

5.

24.
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Ever married females by age, number of children surviving
by sex of children, {(urban/rural}.

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).

A look at the types of analyses carried out during the

1970 and 1980 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.

1.

5.

&,

7.

8.

Liberia
1974 census

Land and Life

Historical background; geographic Ffeatures; pecple and
social l1ifey education, health and religion; the
government, esonomy.

Quality of census data

Introduction, coverage error; content error; collection,

processing; and presentation error; comparability of data
of censuses of 1962 and 1974.

Population distribution, urbanization and migration

Introductiongpopulation distribution and density by
counties; population growth by c¢ounties; urbanization:
urban population growth; concentration of urban
population growthy international migration: internal
migration.

Sex and age composition

General; overall sex ratio; spatial distribution of
observed overall sex ratio; observed age distribution;
reported and adjusted distribution of population by age
and sex, 1974,

Pertility
Introduction; level and pakttern of fertility.

Mortality
Introduction; level and pattern of mortality; rural/urban

differentials.

Ethnic affiliation and citizenship

Ethnic groups-—components and growth; gpatial
concentration of tribes; urbanization; age; sex
gituaijionsy c¢itizens and aliens-size, growth, spatial
distributions citizens and aliens by sex and age.

Population projection
Introduction; total populations; sex and age skructure,
rural/urban differences; components of growth of
projected population.
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1984 census (proposed outlines)

Evaluation of Data

Bvaluation and appraisal of data collection system,
instruments and procedures. Pilot testing, training,
guality controls, field checks ete. Data processing and
tabulation. Coverage evaluation. The PES and findings
and resuylts. 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-sey
distribution-percentage distribution, cumulated

percentage distribution. Derived ratios 1ike «c¢hild
women, dependency raties. Mean and medlan 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 Ffrom
other sources.

Population size, growth, and age-sex structure

Population size as from 1984 census. PES results and
adjustments. Comparison of 1984 population with
projections and estimates. HNational projections, other
projections from UN, ECA, other international agencies.
Growth rate of population, Growth of age~sex sagments.
Implications on dependency, yeouthfulness 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 c¢ountries. Implications of growth
rate and age sex distribution of future population growth
size, structure atc.

Ethnic and religious composition

Socio-cultural patterns of the various ethnic and
religious groups. Spatial distribution and changes in
gize, 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 ang
movements. Internal and international migrations.
Housing patterns and amenities. Estimates of fertility,
mortality and population change.



i!

Ba

6.

- 34 -

Population distribution

Population distribution over space. Changes over time.
Growth and declines of localities. Causes and
consequences., Density and Jland utilization. Spread of
population and impact on socico-economic development
planning. Size c¢lass of Jlocalities. Lorenz Curve and
Gini Concentration Ratios. Rural development programme.
Availability of education, employment opportunities,
housing amenities, health facilities etc., by rural
residence. Changeg over time. Density charts and dot
diagrams.

Ruptiality and fertility
Socio~cultural factors im  nuptiality, fertility and

family formaticon. Value of children and other societal
normg affecting level of fertility. Proportions married,
mean and median age at marriage. Polygyny, divorce,
widowhood and separation. <Childlessness. Perception of
high infant and c¢hild mwrtality. Role of children in
economic pursuits. Influenwe 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
estimates. )

Differentials by sovio~economic and geographic
characteristics. Bducation, religion, ethnic group,
economic activity, rural-urban stc. )

Family planning and contraceptive practices-traditional,
octher. Perception of large family gize anong
population. Population policy indications and
governkental perceptions and pronouncements. Fertility
prospects.

Estimates of fertility from other sources-age-sex
distribution. One census and two census methods. Coale
bDemeny, Reverse Survival Methods.

Health, morbidity and mortality
Hospital and health facilities. Food and nutrition.

Bconomic and social conditions affecting  health,
morbidity and mortality. Maternal and <child health
programmes. Inmunizations. 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 moftality from child
survival and mother survival data. <Comparison with 1974
data on age sex composition, c¢hild survival. Deaths in
hcusehold by sex.

Life tables by sex. Comparison with 1974 and previous
information. Trend of mortality.

Mortality differentials - socio-economic and geographic
implications for future course of mortality.
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Migration and urbapization
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.

Scurces and destinations of internal wmigration, Causes
and consgequences. Depletion of population in rural and
remote areas and fast growth of urban localities, towns
and especially Monrovia, Selectivity of amigration by age
and sex. Trend of migration over time.

Urbanization and growth of towms. Trend of urbanisation,
c¢haracteristics of urban and rural populations. Changes
over time.

impact of rapid urbanisation on urban areas - housing,
provision of education, health facilities, employment,
food ekbc.

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 naeds.

Population projectiong

Evaluation of basic demographic parameters-age, sex,
fertility, mortality and migration. Adjustment of base
age sex data and parameters. Assumptions of scenmarios on
fertility, mortality, migration. Projections of national
population by age and sex. Urban-rural projections and
other sub-national projections, e.qg. for counties,
districts and other lower level administrative ecological
regions as needed. Sectoral projectione like =chool,
economically active, households etc. Estimation of food,
health and  Thousing requirements. Implications of
alternative and speculative projections. Policy
implications and choices. Comparison of projections with
other international projections.

Sudan
1973 census

Land and pecple

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

Population count, age sex and other characterigtics - an
evaluation

Introduction; the 1955/56 count; other data; the 19%73
census; census questionnaire and enumeration; 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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Mortality analysis

Introduction; past findings and other data on mortality:
data from 1973  «census; mortality level; mortality
differentials; summary, conclusions and recommendations.

Fertility analysis
Introduction; past data and findings; -data from 1373

census; fertility level; fertility differentials; age
pattern of fertility; fertility trends and prospects;
summary, recommendations and c¢onclusions.

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
townss causes and determinants of migration; consequences
and some implications of migration; external migration;
future prospects of  migration, urbanization  and
settlement; policy recommendations; conclusions.

Population projections

Introduction; brief review of previous population
proijections; projections based on 1973 census; estimates
of 1975 base data; assumptions; total population by
single calendar years; population by age, gex and by
single calendar years, 1975-8%; population by provinces:
¢city populations; stummary and findings.

1983 Cenaus {Proposed outlines)
Brief Outlines of Analytical Reports

i.

2,

Evaluation and Adiustment of Bagic Demographic Data
Introduction; Importance and need for data evaluation;
quality checks and controls in the variocus stages ¢of data
collection, data preparations and tabulation of datas
types and varieties of data collected. Quality of
age-sex data collected; Coverage of population and of
various age-sex groups. Sampling in census. Comparison
with 1973 census, surveys etc. {5FS, data from education
ministry etc.); adjustment of data and lessons learnt
from the 1983 census.

Fertility Analysis

Introduction; Data situation quality; Socio-cultural
factors -~ marriage, nuptiality and value of c¢hildren:
level of fertility. Childlessness, sub fertility;
patterns of fertility - age, marital status;
differentials; socio-economic, regional (rural/urban,
provinciall; 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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Mortality Analvsis

Iatroduction; Health situation, hospitals and housing
conditions. Environment, Nutrition and food
consumption. Attitude and practices, Causes of death,
morbidity. Sources and gquality of data; level of

mortality. Infant, child and general mortality;
mortality patterns. Age~sex patterns: mortality
differentials—sex, age, socio-economic, regional

{rural/urban, provincial); mortality trends. Changing
pattern of diseases and causes of death; prospects of
mortality decline and c¢hanges; health policies and
planning for development. Health for all by year 2000.
Population policies and their impact on health, nutrition
and mortality. Implications of mortality on population.
Summary and ¢onclusions.

Migration Analysisg

Introduction; Spatial distribution of population in
Sudan. Environmental, soclo-economic situation and
political factors of movements; data availability and
qualitys population digstribution, dispersion and
density. Causes  and implications; estimation of
migration ~ Direction, volume and characteristics: causes
and consequences of migration. Urbanization and gqrowth
of towns. EBmployment, housinyg and environment. Health
and diseases, drought; trends in migration: age-sex,
direction and volumes; prospects of population
movements. Implications on agriculture, land
utilization, enmployment; implications of migration on
population policies. Suymmary and conclusions.

Household and Housing
Introduction; Problem  of housing-big cities and

migration; housing quality in rurdl and urban areas;
gources and guality of data. Household and housing data
from censuses, surveys and administrative operations.
Master plans for cities; socio-economic determinants of
housing. Households and families. Migration and its
impact on housing. Family size. dousing amenities and
facilitieg in towns:; projection of households and
housing. Estimation of housing need.

Population Proijections

Introduction; Importance and need for population
projections. Types of Projections. Period and frequency
of prejections. 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 o©f 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.
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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 multipurpoze data collection. Involving as
they do several enumerators, varied types of respondents,
variety of topics, difficult logistical problems 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 possible to avoid completely every type of
error ete, but what one attempts to achieve is to minimisce
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. Bvaluation has three main objectives:~ (i} 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 piases

28, Evaluative studies probe into the quantitative and
gualitative 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, mnarital status etc. There c¢ould be overlap of
content and c¢overage as when one wishes to evaluate sub
populations of given ayge~sex groups where not only size but
characteristics play a part, It is noted that goverage may be
affected by or affects content characteristics. The usual
omission o©f younyg children from enumeration is & case in
point. Conversely, content might affect coverage. For
instance, if a question on military service is agked or any
other gquestion which might have connotation like conscription,
tazation etc., then it can result in omission ¢of the atffected
group. Omission or wrong reporting also might be caused by the
questionnaire designs as when some detailed guestions 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 shife them to groups which do not require such extra

e
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labour. Exaggeration, on the other hand, can arise when sope
benefits are involved as in rationing, old age benefits,
medical aid, voting rights etc. Enumerators might algo be
tempted to bloat up the groups 1if payments are according to
numbers canvassed.

9. Une common feature of most census gquestionnaires has heen
that they have ten lines for a possible ten-member household.
When the number eXceeds ten in any household, the instruction
is to note down in the schedule that it is beiny continued in
the next schedule, write identification particulars in the next
schedule and number the members as 1ll, 12 .... Instances have
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 cor in
putting the additional members as if they constitute a separate
household. These would result in coverage and/or c¢ontent
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 censuz of Botswana and
accordingly the 1971 questionnaire had 12 lines, in 1981 again
the questionnaire was prepared with 8§ lines and a similar error
has been noted in the data.

38. Another common observation is the one on questionnaire
design whereby scme items are relegated to obscure corners of
the schedule. For instance, current fertility and mortality
from households are usually put in & corner or at the bottom of
the questionnaire. Enumerators either ignore these as in the
1973 census of Lihya or do not care £0 match them with other
information in the schedule like infants in the household,
gsarvival status of last years birth etc¢c. In some casgsesg usual
memberz 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 these births would
be lost, especially if the mother is Jdead. If the infant also
died, then that event also would not be reported.

3l. Pre-coding of a questionnaire has a lot of advantages but
some problems may arise, if care had not been taken &t the
preparation ¢f the gquestionnaire. 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
game, 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
gchedules isg that it should be as clear as possible, should
contain only what is essential for the purpose in hand, should
not be loaded with guestions 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 in ensuring good quality data.

33. Geographi¢ 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 wvitiate the data both
quantitatively and gualitatively. Enumerators should call back
these households where nobedy 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 dwelllers, nomads, mobile groups, sparsely populated
hamlets, difficult terrain and environment and s¢ on make
enumeration indeed very difficult and must be planned well in
advance. Ignorance, superstition, fear, bostility, anger and a
general feeling of insecurity all could mar an enumeration and
every effort must be made to ensure coverage and gquality 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 wvein, avoidance of questions which may arouse
gusplcions, fear etc. should be kept in mind, It ig better to
plan ahead and avoid bottlenecks than to adjust the data after
gollection, HNo 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 epguiry, 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 guestions
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 problems.

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. Bubt translations are always liable
to be misinterpreted; this risk is all the greater when the
translation is destined to be addressed to respendents with
varying levels of competence in the language concerned. There
are also instances of misunderstanding of questions. It loocked
from a perusal of census schedules of the 1975 census of
Scmalia that since the guestion on fertility was addressed to
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anly females aged 14 vyears 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 difficulty in
translation seems t¢ have occured in the 1973 -¢ensus of Sudan
where a child was literally taken as to be naturally very
yvoung. This resulted in mothers being reported as childless
even in cases where from the schedule it wag obvious that she
was living with a grown up son or daughter. Here anocther
misinterpretation was due to ‘the guestion 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 hesad 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 c¢hildren ever born
to them and they were all categqgorised as ‘not stated.' Even
genuinely childless women got mixed up with the 'not stated’
and the problem vf ‘zero error' as noted by El Badry occured
bot with a dirference and that is, there were only few cases
repcrted as zero parity and there was no variation over age,
making .hue vreblem of estimation of the 'true childless woman'
extremely difficult. In this connection the guestionnaire
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 method of data collection plays an important role in
data quality. Por 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 t¢ be made., Again, in certain situations a
reference date is adbered to whereas in others a floating
reference date is used. Criteria for inclusion/exclusion of
members of housenolds 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 1983 censuses therefore the
de facto concept with fixed reference date was adhered to. If
& 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
icoseness in the use of inclusion/exclusion c¢riteria is the
1978/79 labour force and  migration survey of Lesotho.
Apparently, absentees. were excluded if they were away for a
- month anpd included 1if 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 this vitiated the main focus of the survey.
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38. An important stage of data preparation i& coding. Great

‘ gcare is needed at this stage, as otherwise, the quality and

usefulness of the data collected are reduced. The question of
special ceoders 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 pot be possible to draw any
additional information except by referring to the original
schedules 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 aveided by using a
three instead of the two Jdigit code uwsed 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 errorsg are introduced,
which if not checked and rectified could foul up the data. In
the 1976 census of Lesothe and in the 1975 census of Somalia,
it was observed that in many cases gzero parity which should
have been '00' got punched as '10' inflating number of
children. Shifting of columns while punching, skipping 1lines
etc. - also resulted in gqueer 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 where the data processing
expert does not know statistics or demography and the
demographer/analyst did not instruct the data processing expert
fully about the varicus 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, s+« The

not stated was given the code %9. In tabulating the data, the
code 99 was considered as 2% children ever born or those who
died vitiating bhoth the parity and proportion of surviving
children. An observation in this connection is jin order. It
was noticed in several cases that receord keeping, especially of
in and out Fflow of census or survey schedules was not
satisfactory and this can result in loss of information.
Ancther observation pertains to identification numbering of
individuals while transferring information to cards, tapes
etc, There should be unigueness zo that identification becomes
eagy 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,
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4G. A most important but difficult logistical problem is to
ensure adequate stock of guestionnaires in each of the
enumeration areas, especially when terrain is difficult,
transportation inadequate and communication takes a long time,
Both too much and too little numbers of sachedules would be
costly. This is valid for all other aspects of data collection
in the field as well. A problem noted in the 1978 census of
Lesotho was that there was shortage of gquestionnaires in some
areas inspite of ¢total number printed being adequate. This
happened obviocusly because larger numbergs were dispatched to
outlying areas and hence less were left behind in Masgeru. At
the Jlast minute while the enumeration was in progress,
reprinting was resorted to but 4 mistake seem to have been made
in respect of forgetting that the census bocklet 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 asampling fraction, non
representative nature of sample, etc. In the 13985 census of
Sierra Leone, instead of the revised gquestidnnaire, only the
pilot questionnaire was printed and used at the main census.

41. Before we conclude this section it is in order if we talk
a little bit about the c¢rucial role of the enumerator and
supervisor. In addition to training and providing manuals
etc., the enumerator should be impressed about the necessity
for good gquality work in the short time usually available for
data collection. <lose and continuous supervision is essential
in order to avoid poor quality of information. Especially 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, 1if not impossible, to aszsign
characterigtics in the office after the data have been brought
from the field and imputation should be avoided as far as
feasible, it is necessary to inmpress on enumerators and
supervigors that all of the information should be filled 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 househald,
neighbours, physical or physiolegical factors, social status
and a host of other variables related to the information one is
looking for. In the 1974 sample census of 2ambia 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 c¢olumn blank because to them
the decipheringy 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) Prancisca (female) and in Arabic names the female name
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isa same aa the male one but with a vowel 'a' at the end as in
guhair (male) Zuhaira (female}. When handwriting is illegible
or the writing is affected by atmospheric factorg smudging the
writing, then assignment of sex may result in errors.

43. In any enumeration there will be cases with missing
entries for characteristics - usually called 'not reported,
funknown' etc. There are several methods of imputing values
for such characteristics which are consistent with other
characteristics. Hot and cold deck methods are well known.
However, gerious 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
information and he plays a vital role in the 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 the
respondent may supply incorrect or Dbiased - information.
Instances of respondent resistance in supplying information to
enunerators or wilfully falsifying the data are noted when the
data collection is associated with governmental activity like
taxation, conscription or allocation of Dbhenefits as was
reported during the 1964 census of Libya and game 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 other
avenues have been applied to improve the reliability of data
collected. In this connection the role of young persons,

egpecially school or college children has been noted to be
worth trying. : ‘ ‘

45. Even though it may be difficult to see all the reported
members in a household either because they are physically
absent from the household or are present but cannot be seen
because "of ill health, socio-cultural reasons ({purdah)}, age
{infancy) etc,, it may be a good idea to see as many as

feasible and get information from individuals particulariy on
personal characteristics.

46, Several methods of preventing errors and biases at the
planning and data collection stages have been indicated in the
previous discussions. There is need also to¢ cgontrol the
quality of the data after it 1is collected especially at the
gubsequent 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




control, thus encompasses the entire collection of activities
by which fitiness for use is achieved (POPSTAN, 1979).

47. A quality control system encompasses the following; (a)
establishing. gquality standards, (b) determining verification
techniques, (cT\Qeasuring quality through record keepigg, and
{d} taking timely_ and appropriate action to maintain the
desired guality, Siﬁce a census involves a complex arrangement
of people and machines “operating on material and information,
there is enough scope to ifatroduce quality control at various
stages of data production “and especially at the editing,
coding, keying, processing, tabulation and publication stages.
It is recommended that countries plan to integrate gquality
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 {ypes of
deficiencies result therefrom 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 1is8 really aimed at is to
point out that any slackness or negligence in any one of the
geveral aspects of data production can lead to deterioration in
data guality and at the same time stressing the importance of
guality assurance.

- 49, Since the cure should be specific to a disease, s0 is the
cage 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
collection in 2 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 evaluwation 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 HMethods of data evaluation and error datection

51. How do we evaluate demographic data? There are two broad
types of technigues 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 consigtent
with each other and with the other types of data andg
information available and they should form a convergent set and
not differ too widely among themselves) constitute the indirect
methods. ' ‘
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52. Even though it is difficult te utilize indirect methods
efficiently to estimate coverage error, there 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 referzed to as post-enumeration
sucveys. They are carried out on representative sample areas
taking account of the heterogeneity in the data and keeping in
view that one should bhe able to generalise and get information
on important special segments of the populaion, Thus
population clusters, EA {enumeration areas) Qf  othet
identifiable gecgraphical units are utilised. These surveys

are cartied out for coverage and content error checks and for
collecting additional information. For evaluating content, a
sample of households or persons enumerated in the enguiry can
be reinterviewed. Por evaluating coverage, however, an area
sample is requ.zed. Two bagic designs have been used - {a) one
which stresses attaining high acguracy by using better
qualified enumerators, choosing the most knowledgeable
respondents to provide information, better interview methods
etc., and {(b) one which strives for an independent repetition
of the first enqguiry under essentially the same conditions.
Matching and reconciliation ig then carried out. Evaluation of
coverage is thus more difficult with a de facto census and it
is mote sc when there is no reference date.

54. The timing of the PES should be such as not to be too
¢lose to the emguiry or too far from it. Por independence of
the operationsg, it 1is 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 correution and adjustment.

55, Very few African countries have utilised the PES as an
instrument for checking the gquality of enumeration in terms of
coverage and content. According toe EBECA, of the Anglophone
¢ountries that completed the 1970 round of censuses in Africa,
no ad hot PES was undertaken in: Botawana (1971), Gambia
(1973}, Lesothe (1976), Libva (1973), Mauritius {1972), Sierra
Leone {(1974), Somalia (1975}, Sudan (1973}, Swaziland (19786),
Tanzania (1967- only a regional study was made), Udanda {(1969)
and Zambia (1969). In the 1960 census of Ghana, the content
and ceverage  evaluation SuUrvey was combined with a
supplementary engquiry to collect much needed additicnal
information and on the basis of experience, the 1970
supplementary enguiry put more stress on collecting additional
information.

55, Some of the countrieg, 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
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Malawi (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 {(15%73), 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 gquality. The resurvey in Nigeria in
1962 consequent on the census of 1962 is well known for the
controversy it generated. Such surveys might have serious
implications. Any 4group 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 thugs essential that no scope be given for such a
contingency.

58. The general recommendation by ECA during the 1870 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 szecond meeting of the
African Census Frogramme country experts held in Addis Ababa in
1974 that the census evaluation should consist of coverage
rather than content <c¢hecking 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 <c¢ensuses, 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." (ECA, 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), cCameroun {1976), Cote
d'ivoire (1975), Equatorial Guinea (1883), Ghana {1984}, Kenva
{1979}, Liberia (1984), Madagascar (1975), Mozambique (1980},
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. 1In the case of Zambia (1980) the sample design of
the post enumeration survey 'was found to be defective and the
results cannct therefore be used to detect coverage and/or
content errors.' As such the PES data was "used for training
in c¢oding and other aspects of data processing® (Zambia,
1987). 1In 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
regpondents® and
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on the whole *the gquality of enumerators and Supervising staff
was poorer than those used for the census enumeration.”
{Botswana, 1983) "

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 13984 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)

83. Concerning the use of other methads of evaluating census
coverage, “"the current situafion 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 c¢ensus evaluation studies.” (ECA,

1987} It appears that thesz same problems faced by the 1980
Round PES- were gimilar to those faced by the 1970 Round PES
also. 'There was general lack of enthusiasm in 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 epumeration 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 helped by
more 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 werking group on
recommendations for the 1930 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
units; {(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 (f) 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 uged 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 PES for content error
evaluation was gaining acceptance,. As the acgcuracy 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 PES 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 PES
as the best way of evaluating coverage errors. #For content
errors use of demographic analysis technigues can be
supplemented by the PES data.

65. Bven though the experience of African countries in
cargying 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.

&6, Some of the major factors contributing to the failure of
PES were: (i} ©Population  mobilitys {ii) unrecognisable
boundaries of sample areas or inadegquacy of geographic
preparation; (iii) varying names of persons and alsc many
conmon names, different ways of spelling names eto., and; {(iv)
general fatigue of enumerators and perhaps of the repondents.
An example of -the last factor is shown by the PES conducted
after the 1981 census of Boiswana.

67. With the experiences from the 1970 and 1980 rounds of
African censuses, the 19%0 round censusg recommendations on
coverage evaluation included post enumeration surveys as a
desirable component in the census evaluation programme but
keeping in view the expsriences of the past, 1t 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 resilts and adequate
budgetary provision and the necessary technical expertise would
be available, the exercise should not be attempted. It further
re-emphasized that in view of the relatively limited experience
of African countries with the PES and the known problems in
¢arcying it out, countries which opt to include it in their
census evaluation programme may use it to evaluate only the
censua coverage, Content error should be evaluated by
techniquea of dewmographic analysis and the PES should
positively avoid being a vehicle for collecting supplementary
information. (ECA, 1987)

Indirect Methods — Analytical Technigues

68. Among 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 t¢ arrive at the relative acceptability of the
former. Inm the internal consistency checks, we analyse the
data and c¢heck 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 wvarious ages by sgex, mean age of
population {(by sex), mean age of fertility, mean age of mothers
at birth of children and alsc progression of age data over the
age range. Vital parameters derived from the data by the
application of diverse analytical tools, especially developed
for the analyses and interpretation of defective and incomplete
data are compared for consistency (i.e, not conflicting with
each other and with other evidences) and convergency (i.e.,
lying within a reasonably narrow margin of variation). BStable
and guasi stable models, analogy etc and similar techniques
also are powerful tools for data evaluation and error detection.

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

External Consisgtency Checks

70. One of the most important external consistency check is
through the use of what is called the 'balancing eguation.’

Since a population changes by births, deaths and migration,
this method utilises any information on these to appraise
population figures. For example, if there are Lwo
enumerations, one could utilise data from vital statistics and

migration figures to obtain a balancing equation:

Py = Pg+B - D+ I - E, where

P{ and Py are respectively populations at the second and
first enumerations. B, 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.

71l. 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 change, 1972-33

Male 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

Arrivals July 1972 - June 1983 908,066 674,062 1,582,128
Departures July 1972~ June 1983 935,937 688,624 1,624,561

Expected population June 1983 470,462 489,000 959, 462
Enumerated population 481,368 485,495 966,863
Excess of epumerated over

expected +10,906 -3,505 +7,401
Excess as ¥ enumerated 1983

population +2.3 -0,7 +0.8

T2, 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 106,000. 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 197Z2. However, whilst the deficit in 1972 was
observed in both sexes, the gain of 7,400 in 1383 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 5,990 males and
4,100 females in 1972. There seems to be a problem with the
gex distribution of one or more of the components entering the
halancing equation.

73. A sgystematic sample of 5,000 census questionnaires,
Belected from 55 enumeration areas chosen with probability
proportional to sige, was checked for errors in coding of sex.
The sanmple, representing abouk 2.5% of all dguestionnaires,
indicated that sex had been properly coded at the census.
{oding of gex on live birth and death cards was also checked on
# sample basis by matching the name of the person with the sex
¢ode on computer print-outs of births and deaths records.
Again there was no indication of erroneous coding or puaching.
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 {Mr., Mrs., Miss) is not
clearly indicated.

T4, 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 Mauritians; 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
reagonable to consider only mauritian arrivals and departures
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in the balancing egquation, 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 numbeér 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 azex
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 jnteresting 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 eguation
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 alsc that the coverage has significantly
improved.

Table 2.4 Intercensal change 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
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76. Vital registration data on births by sex and deaths by
age and sex are available for the inter-censal pericd, as are
alst international arrivals and departures by age and sex. It
has therefore been possible to survive the 1972 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
enumerated 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-~539 for males, and ages 0~%, 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 censuz that the deficit was not
restricted to specific age~groups. The deficit of males at
ages 45-49 and of females at ages 65~6% may be due to slight
overenumeration 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 Jjust
below 55 is compensated for by gains in ages 55 and just
above. Hence, if allowance is made for the deficit noted inm
1972, and for some age errors which must be present, then the
enunerated 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 un 1972 census (five Year of ages and
by sex} - Mauritian population

Male Female

Age Bnume- Expected Diffe- Enume~ Expected Diffe-

Group rated rence rated rence
All ages 478814 473492 5322 483010 477971 5039
¢ - 4 55981 56941 -360 54911 55569 -578
5 -9 52261 52291 -39 51424 51877 -453
10 -14 47953 47782 171 46489 46206 283
15 -19 57303 56209 1094 56193 55774 419
20 ~24 52972 52601 671 53069 51441 628
25 ~29 44533 43005 1528 44450 44448 2
30 -34 390621 37665 1356 38456 37573 883
35 -39 26719 25694 1985 271624 26104 1520
40 =44 19786 19329 457 20352 19846 506
45 -49 19161 19411 -250 19439 19225 214
h0 =54 16053 15846 207 15961 16574 -613
55 ~59 17209 17670  -461 17449 16631 818
60 ~64 11793 11637 156 12634 11831 803
65 ~69 8593 8588 5 9947 10048 ~101

70+ 9418 9123 293 15532 14824 108
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78, Most of the countries in the region however, lack such
detailed data but approximations could be applied as in the
following modification of the egquation

Py =Py + NG+ MG, Where

NG and MG denote respectively natural and migration
growthg, implying that instead of the four combonents we need
only the net effect of natural and migration growth. Yet
another modification is when migration is negligible giving the
equakion:

P - Py + KRG, ie NG = P1-Pg

NG P1 - Py

Hence = . = r; {arithmetic growth rate per
nPg nPg year, if n is the inter
censal interval)

ZNG 2{P; - Pp)
OF  —owmew vosbmos = & += I (approximate geometric
n(P; + Pg) n{P; + Pyl drowth rate per
Year,

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 ragely available and one can apply the method
only for the total population,perhaps by sex.

79. For instance, the non Libyan population at the censuses
of 1964 and 1973 were 49600 and 210000 and immigrants and
emigrants during the period respectively 2367000 and 2223000.
Vital statistics are net available for the entire pericd, but
for the period 1972-73 the natural growth rate is known £from
registration 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 reasocnable 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 2.6} shows the growth rates. Migration could have
affected the values but only in the case of 1libya, do we have
figures but not by sex.

Table 2.6 Intercensal Growth Rates {(Annual Gecometre:
Ghana and Libya {Libyans}

Ghana Libya Libya (adjusted for
migration)
Female 1948~60 1960~70 1954-64 1964-73 1954-64 1964-73

Hale »0417 +0225 0385 L0332
L0365 L0333
Female .D418 0263 L0378 0354
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Bl. Obviously, the growth rates in the earlier period are
higher than in the latter periocd, contrary #o eipeqtatioﬁs
unless out migration was heavier in the latter ﬂhqn the former
period or immigration heavier during the first than the
second period. In Ghana it is known that migration wa$
heavier between 1948/1960 and in Libya we Havg adjusted fo
migration. Thus it indicates that the 1948 cénsjg af Gharia was
an underenumeration as compared with census of 1960 anﬁ this 48
admitted. 1In Ghana between 1960 and 1970 there was an éxodus
of Non Ghanaians and this is responsible for the observed lower
growth rate. Actually the growth rate of the Ghananian
Population during 1%48-70 was very consistent and thus
indicates that the enumeration were resonably good. In Libya,
the 1954 census was the first attempt in a vast and
climatically difficult country and a huge underenumeration
wags known to have occured. In 1964, on the other hand, due
to an impending election, there is reported o be an
overenumeration. The growth rates depict the picture very well.

B2. A related method using survival ratios of groups {either
in specific ades or in groups of specific ages) 1s 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 £rom other independent sources. For
example, children of school age, schecling population, persons
of voting age, working age etc. could be compared with data
from school statistica, electeral <rolls, labour bureau,
rationing authorities, registration of vital events, other
givil registers etc, Bowever, one has to be c¢autions 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 117524 is compared with statistics from manpower
division which was 117344 on 20 June and 128000 on 20 September
1973, <Census was on 1 August and the figures agree very
closely. Aanother data is primary school children. Ministry of
education gave 2597239 boys and 196131 girls in schools in 1973
as against census values of 250556 boys and 184329 girls.
Timing difference explains most of the discrepancy, which iz
anyway not large.

85. Comparing the student population by age and also by grade
both from 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 is that the census
figures are consistently higher than the school statistics,
when considering age but is the reverse while considering grade
data. The disgcrepancy is explained by the fact that school
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statistics includes children under 5 and over 20 between grades

Pl to 56. Also the timing of the two asystems may not be
strictly comparable. But the differences are quite smalj.

Table 2.7. Comparison of school and census statistics, 1983

Age group Male Female
School Stat. Census School Stat. Census

05-03 504396 51438 39686 50632

10-14 37769 38082 34226 34992

15-19 18840 19456 16160 16758

05-19 107105 108976 100072 102382

05-12 715045 76392 72534 74130

13~19 32060 32584 27538 28252

Grade

Primary

{1-v1) 67509 67156 65746 85155

Secondary

(I~-vI) 40057 39916 35906 35685

86, It is important to point out that all the above methods
are not conclusive and even if perfect agreement ig shown
between the two sets of data, it cannot be concluded that they
are acceptable. This is because of compensatory errors. These
are necessary conditions for acceptability of data but are not
sufficient. One has to carry out other exhaustive tests before
£inal conclusion can be drawn. Some of these will be described
below, but they too are not entirely free from similar defects.

Internal Consistency Checks

B87. Among internal consistency checks are those based on
patterns in age,sex ard ather data,reasonableness or

acceptability of =zome of the obsgervationg and derived
parameters cover time and space etc.

Aqe {Vertical Consistency Checks)

8. Oone of the most important items c¢ollected in  all
demographic enguiries is that on age. Not only are demographic
phenomenon 1like fertility, mortality and migration closely
related with age, even socio-economic and other characteristics
are highly correlated with age. Also,age can be used ag a tool
for estimating some of the demographic parameters and in
developing societies without direct data on vital parameters,
it is data on age which 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 ete.

89. Thug, 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 coongept to understand, when it
comes to measurement, there are geveral prebleas, Pirst of all,
age could be in completed years, age nearest or next birth day
etc. what is a year? 7To a Western man or to one familiar with
that system it connotes a sgolar vear. 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
50 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 Lo when & 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 bpecoming the second preferred digit. BStill 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
66, 70, 80 etec, In Ghana, for example, in 1984 arcund 30% of
persons are reported with ages ending in digits 0 and 5 but
among these aged 60-69 it was near 60%.

33, Many metbods have been tried to arrive at betier 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 ¢ 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 O 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
though there was error in the data so obtained, one important
finding was that for young children this method of using
document might not be tec much in error and henc¢e in the future
this method might improve data guality. 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 amony 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., Ceftain legal rights and privileges bring in
teporting ages in these specific ages and sometimes a cut off
point either in data collection or in certain categories of
gsocial qroups might result in ages being shifted to that age
from neighbouring ages.

95. For jinstance, in many countries the age at entry inte
school ig 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 enguiry being 49 years, there jg a
marked tendency for shifting large number of women to the next
age i.e. 50 years to avoid the extra labour. Such shifting of
persons either below or above certain specific ages has been
reported especially in regard to detailed gqueries 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 single 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 uader
reporting vitiates data at young ages, it is recommended to
deal only with the age range 10-69.

97. wWhipples index is obtained by summing 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

e
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and 500, The method can be modified to aseperately 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
suims are then divided by one tenth of sum of ages 23 to 62.
The procedure is iJlustrated uging data from 1984 census of
Ghana. The digit preference index (DPI) 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
B:leeee9. It consists of aggregating populations with end
digits 0,1,++..9 seperately and comparing it with the sum of
population in the total are range, usually taken as between 10
and 69, Thus the DPI is a better method than Whipples, in that
one is able to discern the preference/rejection ¢f each of the
éigits 8,1,..¢3.

98. However, the DPI has the defect that since the age range
considered is 1l0~-69 and this range has the digat € as the
starting digit, populations ending in age 0 will automatically
be larger than those in end digits 1,2,...%9. Myers introduced
his index (MI), to take care of this lacuna in the DPI., The
method consists of calculating the digit preferences within 10
age dgroupings bhaving stﬁ:tihg digits 0,1,...9 resgpectively.
Thus the procedure to calculate MI is the same as that for DPI,
but involves calculation of 10 digit preference indices within
age ranges 10-6% (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 10-89, then one should start
with 10-59, and proceed to 19-68. The procedore c¢an be
presented in a simple fashion as follows:

Let Ag, Ay, ser.. Ag be the population with end digits 0,
1, «sx3+% in the age range 10~-5% and Bep B}; voayag be the
corresponding populations in the age range 20-69, then the
blended sum at digit 1 ( i=0,1, ...9) is obtained by the
formula;

Ci - (1+1} &i + (1G”i'i}3i’ i= Oyig sessed
The blended percentage at digit i is then,

108 C;/(Cp + €3 + ... Cg)

The Myers index is defined as the sum of the absolute deviation
of the blended percentages from the expected 10s%.

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 bhalf of that obtained by summing all the absolute
deviations: In the former, the index will lie between { and
180, whereas in the latter case it will be between 0 and $0.

100, Even though the Myers method removes the bias introduced
because of the starting digit in the PPI, still one c¢an 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 Ay
and B; 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 are 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 4% ...t 63302 + 8333 + 15594 = 2042077
Population aged 30,40,50 and 60 = 136241 4 ... + 63302

= 375439
Population aged 25,35,45 and 55 = 118513 + ... 36053
= 346020
375439 + 346020
Whipples index = -X 500
 {digits 0 and 5) 2042077
= 176.7
375439
Whipples index = —w=X 1000 = 183.9
{digits 0 only) 2042079
346020
Whipples index = ~~=X 1000 = 169.5
{digits 5 only} 2042077

103. Even when data are pregented 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
across 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 c¢hildren in
enumecation. Deliberate omission, misunderstanding of the
scope of enumeration, age estimation error ete could be the
reason. Some duplicaticon 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 underenumerated to the
extent of 5.4% for female and 1.3% for males. 7The indirect
method is to use reverse survival technigque 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 1is not known, an appropriate model life table with
reasonable life expectation may suffice for practical
purposes. Por 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 tocl is that based on stable models or analogy.
For this purpose one needs estimates of fertility and mortality
or growth rate and one of fertility/mortaliey parameters,




Table 2.8

Digit Preference {(DPI) and Myers Indices {Ml) - Ghana 1984, Males

Digit 10-19 20-29 30-39  40-49  50-59 60~69 10-59 2069 10-69 % Dev,
0 188801 142023 136241 96500 79396 63302 642961 517462 706263 18.3 8.3
1 115176 81261 40385 23133 17196 8333 277151 170308 285484 7.4 -2.,6
2 190396 87078 84163 52998 33161 15594 457196 282994 473390 12.2 242
3 135373 71481 38831 27442 16927 -8907 290054 163588 298961 7.7 2,3
4 145078 92147 52062 25983 26575 11604 341829 208357 353433 5.1 ~0.9
5 157714 118513 96661 94733 36053 36522 503734 382542 540256 14.0 4.0
6 137661 82397 57983 30616 26807 7490 335464 205293 342954 8.9 -i.1
7 102437 81995 39741 23999 13647 1968 26181% 167370 1268807 7.0 =-3,0
8 146944 94780 54478 43084 187668 12457 359052 224565 371509 9.6 -J.4
9 91843 55800 33490 24727 10811 6049 216771 136977 222820 5.8 ~4.2
— - w—— -
Sum 3864877 29,0=DpP1
Digit Age Group Coeff Product Age Group Coeff Product Blended Perxcent Dev. Abs. Dev.
Sums 10~59 Sum: 2069 Popn. % from 10% from 10%
g 642961 1 642961 517462 9 4657158 5300119 17.1 7.1 7.1
1 277151 2 554302 170308 B 1362464 1916766 6.2 3.8 3.8
3 457796 3 1373388 282934 T 1980858 3354346 10.8 0.8 0.8
3 290054 4 1160218 163588 6 981528 2141744 6.9 -3.1 3.1
4 341829 5 1709145 208357 5 1041785 2750930 8.9 -1.1 1.1
5 503734 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 8 2094552 167370 2 334740 2429292 7.8 ~2.2 2.2
8 353052 9 3231468 224565 1 224565 3456033 11.1 1.1 1.1
9 216771 10 2167730 130977 g 0 2167710 7.0 -3.0 3
Sum: 31033639 27 .3=M1
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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 c¢an be gauged from the comparatively very high
values of the mean age of fertility schedule and of mother. 1In
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 errocrs. 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 data from Nigeria.




Table 2.9 Reported Average Parit P Ghana 1971 {Ashanti Region

Age 15 1s 17 18 19 20 21 22 23 24 25 26 27 28 29

Parity 0.02 0.07 0.22 0.45 0.65 1.1l 1.45 .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 3% 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 7.65 7.55

Sources: Table 5 from B.C Ewbank, Age misreporting and age selective under
enumeration Sources, paktterns and consequences for demographic
analysis, Report 4, National Academy Press, Washington, D.C., 1981.

~u€9u
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Table 2.10 Percentage of ade misreporting by age, marital status and
Females parity-aged 15-24 years, Nideria, 1969

Marital status and parity

True age Reported age® Single Married, parity=0 Married,
parity=0 & Sipgle, parity=1 parity=2+

15«19 Bxaggerated 7 is 27
Same B3 79 70
Understated 10 5 3

20~24 Exaggerated 5 11 14
Same 81 g1 77
Understated 15 8 9

* Ages exaggerated or understated differed from the true

age by at least one five year age group.

Source: Caldwell, J.C., 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 tooa
legsser extent those aged 20-24 tend to be reported at older
ages if they are married or have at least one child.

108, One of the wusual phenomenscn 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 Lo report a younger
age s0 as to be still included in the reproductive age group.
The high proportion of c©ld pergons found in developing
societiea 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 ancother test for age exaggeration is by use of
forward and reverse projections. In the forward projection,
the ©ld 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, circumcision and other grading documents and so on,
still it is posszible that a large number of cases remain where
age estimation is impossible., Age not stated or unknown
category will then be the result. BSo 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 gpecific age-sex groups, then this could be
done. Cold and hot deck methods of imputation are well
known. But it should be remembered that imputation may create
preoblems in data analysis, interpretation and utilistation and
hence should be avoided, as much as possible, Az mentioned
earlier, it is easier and perhaps more accurate, if information
are collescted 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
cases in Zambia 1974 made the data virtually useless,

114, 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 wmuch effect on specific age g¢roups, then the
progression of population from one age group to the next should
be more or less smooth. An age pyramid distinguishing males
and females would be a good graphical repregentation and would
compare not only progression, but als¢ sexwise differentials.,

113, Por guantification, the calculation of age ratios would
be useful., Bere the Zelnik or Ramachandran modifications could
be utilized. Whereas the UN defined age ratio as the ratio of
population in an age group to the average of population in the
two adjacent 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
while the Zelnik method gave equal right to the 3 age groups,
the Ramachandran method assumed double weight for the mid-age
group and hence egqualised 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
necessity the groups should all have the same number of
individual ages in them. These ratios generally should not
fluctuate too Ffar £from 100, Thus, an index of wvertical
consistency can be taken as the arithmetic mean of absolute
deviations of age ratios from 100 and is called 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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1l5. &ex is yet another nost important demogr aphic
charact&ristics. Many demographic, socio~economic attributes
are sex specific., Data classified by sex not only have
analytical importance, many times they could be used a3
evaluative tools and a classification is essential in certain
situations because of biological differences.

116. Even though the definition and classification of sex are
eagy and sex ia 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 BeXx or the other is either misreported, wrongly reported or
not fully reported or even over reported.

117. The sex ratio of a population should not fluctuate from
one age to another unless migration or other factors are
responsible. Thua the caleulation of sex ratios by age 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 ratic 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 liesz in the range of 10i-104. If only
fertility and mortality bhave effect on a population, then the
gex ratio of the population will not deviate much from some
.gtable value. In most cases, male mortality is higher than
female mortality and hence the sex ratio of the population will




Table 2.1l Calculation of Age, ratic, sex ratio

and UN joint scores: Chana 1984

Age Ratios

Deviations
{abgolute values)

Age

Hale

Femal

-] J.N. Method

Zelnik Method

Ramachandran Method Sex ratic Age gex

group Kale Female Male Female Male Female ratio ratic
{UN)
M P
0u-04 1015167 1014915 100.0
05=-09 1012787 989038 113.2 113.5 108.4 108.6 106.2 106.3 102.4 13.2 13.% 2.4
10~14 774822 728387 94.0 91.1 95.9 93.9 96.9 95.4 106.4 6.0 8.9 4.0
15~19 636599 608791 101.1 93.8 100.8 95.8 108.6 96.8 104.4 i.1 6.2 2,0
Z0=-24 4839940 572011 90.4 102.0 93.4 101.3 95,0 101.0 84.6 9.6 2.0 19.8
25=29 433585 511526 103.8 106,2 Jo2.5 104.1 101.8 163.0 84.8 3.8 6.2 0.2
30~34 351682 391121 98.2 76.2 98.8 97.4 $9.1 98,0 89.9 1.8 3.8 5.1
35-39 282353 301946 97.7 94.6 98.5 96.3 98.9 97.2 93.5 2,3 5.4 3.6
4U-44 226042 247212 30.5 95.4 93.5 897.6 95.0 98.2 9144, 9.5 3.6 2.1
4549 217219 210988 108.8 98.9 105.7 99.3 104.2 99.5 3.0 8.8 1.1 11.6
50~5%4 173255 179429 106.8 113.2 104.5 108.4 103.,3 106.2 96.6 6.8 13.2 6.4
55~59 1070384 105997 T6.2 71.3 82,8 78.8 86.5 83.2 lel.0 23.8 28,7 4.4
G0~64 1077460 118036 121 .3 130.6 113.3 118.5 108.6 113.3 91.3 21,3 30.8 9.7
65-~69 70506 748063 94,3 3.0
SCORE 9.0 10.3 5.7
Note: The age ratios are defined as follows: 200Py, x + 4
UN method: — :

2elnik method:

Ramachandran method:

- - ———

{Py_5,x-1 *Px,x+4 *Px+5,x49)

400 Py, wiq

L2l

W —

{Pg.s,x-1 +2Pg, x+4¥Px+5,x49)

(Py.5, x-1 *P x+5, x+9)

_Lgu
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be somewhere Dbetween 954 and 98. If male mortality is
abnormally high due to occupational patterns, then the 3ex
ratio could be, say 93. On the other bhand, when males have an
edge over females in mortality through socio-cultural reasons,
then the sex ratio of the population could he more than %8 and
¢can go up te 10l. Again, if mortality improvement oCCurs
normally, then it is noted that the sex ratio would fall
necause females have an advantage over males in most c¢ases.
However, the decrease in sex ratio c¢ould only be slight,

118. Table 2.11 gives the sex ratio of the population of Ghana
as o.tained from the 1984 census. As expected, the sex ratico
at age (-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 =ex ratio at
very young ages could alsoc be a reflection of reiative coverage
or reporting of children. PFear of evil eve, preference for
ehildren 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. Thig could be due to the twin factors of
pushing girls acrogs age 10-14 to ages 1%+ and women past
reproductive ages to ages below 50 or age exaggetation by
males, omigsion of males because of their mobility, work status
or migration or deliberate under repeorting of adult males
because of conscription, poll tax, head tax etc.

118, Sex ratios by single rearg alse can be calculated to
highlight the relative preference or avoidance of specific
digits by either sex,

120. To quantify the error, an index, called the 'Sex Ratio
8core* is calculated by summing the absolute deviations of
successive gex ratios and dividing it by the number of such
deviations. Since sex ratioc may not change linearly, it seems
better to obtain an average of the absolute second difference
appropriately weighted. A large ascore indicates that there is
some error or bias in the data. From the data presented in
table 2.11 the sex ratioc 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. Alsc 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
of data and could be used to appraise data quality. Combined
with the age ratics, it can be converted to a single index of
data guality by appropriate weighting. The UN noted that the
variability of sex ratics 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
egual weight. Based on studies on age - sex data in the 50's,
the UN defined a Joint Score as:

Joint Score = A,R.M.5 + ARF.S5 + 3 S.R.S5.,
where ARMS and ARFS are respectively the male and femaie age
ratio scores and SRS is the sex ratioc score.

123. BEBxperience 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 dJdeficient and care and caution should be
exerciged in the use and interpretation of the data and massive
adjustments might be necessary. Beyond 60, the data is
congidered grossly erroneous and it may be risky to utilize
such data for any inference.

124. The joint scere for Gpana 1984 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 Comsistency Checks

12%. The age and sgex ratics give the twe dimensions-vertical
and horizontal « in the evaluation of the consistency of data.
When more  than one enumeration is available there is yet a
tnird dimension which can be <considered, ie., diagonal
consistency ~ based on survival ratiogs 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 weakness as a tool for
evaluation., Survival ratios for =single vyears 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 from the 1969-1979
censuses of FKenya. The first point to note is the tremendous
fluctuation of these ratios from one age to another for both
sexes and especially for females, where we even observe an
impossible ratio higher than unity. The ratios for the age
- group 0~4 for both sexes are tao high and this is more for male
than female contrary to experiences in other parts of the
world. Another ocbservation is the rather high values at older
ages and comparatively low ones at middle ages.
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Table 2.%2 Ten year (intercensal) survival ratios, Kenva, 1969-13%73

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

Male survival ratio »93832 .,9318 8974 +9451 8302 8302 « 9307
Mortality level 23.5 19.3 4.9 10.0 1.0 3.3 16.0
Female survival ratio .9785% .9937 1.0334 .9934 <9169 . 7912 «914%&
Moartality level 20.2 22.0 24+ 23.6 9.5 h¥ 12,0
Age group 35-39 40-44 45-49 50~54 55«59 60-64 65+
in 1969

Male survival ratio L8682 .9431 «8161 +8131 .8713 «5477 «4259
Mortality level 16.1 21.1 1i.0 14,9 23.6 15.2 23.1
Female survival ratio .8352 .59459 ~8211 « 7875 . 8140 .6617 4683
Mortality level 5.6 19.5 8.2 9.6 17.2 13.7 24,0
* Lesas than the lowest available level, 1.

Table 2.13 Overall (Open ended) survival ratios, Kenya 1969-79

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

Male ratio «8877 .8749 8600 +8504 .8333 ~BOGB 80611

Level® 5843 42.9 42.9 48.9 50.0 47.1 61.5
Pemale ratio 9230 .9099 8886 «B8550 +B223 « 7995 .8818

Level * 77.8 71.6 65.0 52.1 42.3 42.2 61.9

Age in 19639 35+ 404 45+ S0+ B5+ 60+ 65+

Male ratio <7701 7433 .5901 <8510 +B003 <4995 « 5259

Level® 53.4 71.4 70.8 80.1 88.3 87.2 100.0

Female ratio «F725 L7529 .8959 .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.11 of Carrier N.H, and Hobcraft, J.

Demographit estimation for developing societies, London, 1971.
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127. There 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 exanmple, we
could compare the survival ratios with corresponding values
from NWorth model level 13 or 14, For ease of comparison a
ratio of these values would do well becausge, 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
North model life tables. It can be noted that the ratiocs
fluctuate, they are high for the very young and cld ages and
low for middle ages. Feor 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 dgrouping
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.

128, In table 2.14 we present a picture similar to what is
shown in table 2.12 by calculating the raties of census to life
tabie asurvival ratios (using an appropriate model life table
and level of mortlityl). 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 other level
{higher or lower} would indicate very similar patterns. So is
the case with 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,
galculating life expectation or life table values and 80 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 {(Renya 1969-79) 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 1.091 977 942 376 1.013 .894 1.013 960 1.069
Ratio
F l.068 1.03% 1.077 1.042 .970 844 «98% 312 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 Ratiog, Differences
and 80 on

13)1. One attempt worth trying is to match observed age-sex
data with mbde;s or analogies. Bither the ratiocs of
percentages at various ades or differences of cumulated
percentages could be considered. In the first case, the sum of
absolute deviationa from unity could be the criterion, whereas
for the latter, it c¢ould be the sum of absolute differencea
themselves. It may also be warthwhile 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 ancther approach would be to calculate ratios of
population in adjacent quinary ages and astudy the progression,
Undue fluctuations, deviation from unity, very low values and
8¢ on ¢ould 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 s¥pectation of life.

133. Still another method is based on several types of ratiocs
obtained from the reported data. Since a raktio is less
susceptible to certain types of errors, this may not be an
ideal procedure to follow in many cases, bubt one should
manipulate the data in several ways before one c¢an come out

with some ideas about its quality. Por example, c¢hild woman
ratio, child adult ratio, dependency ratio and s0 on could be
computed and  compared with model values. Sometimes these
values can be caloulated for the L{wo sexes seperately and
compared for differential errors. Some results from the
application of the method to the 1973 sudanese census data are
pﬁesanhegw“in ‘table 2.15. The closeness of male values to
expected“femaie values in most cases indicates the poorer
quality of female aye reporting, inspite of the fact that the
ratios, obliterate to a certaln 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. BEven though these methods are labourious, it locks 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.
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Table 2.15 Special Ratios Based on 1973 Census of Sudan and from Models®
Ratioc Sex Sudan Model Ratio Sex  Sudan Model
P5 .14 | « 358 2320 Pg-4 M 441 -419
Psy - F 333 «»313 ;;;j:; P - 389 -412
P5 . g N .512 .397 Pg-g M .B15 694
20-49 ¥ 444 -389 ;:;;:; P 724 681
Pg - 14 M 808 792 M 1079 «944
- Dependency ratio

Pis+ ) 4 « 803 +763 F +955 +936

(Po.14+Pgse)

(P15.64)

The model was selected after several trial and error and i

s the

Coale-Demeny North Model Stable Population with level 11 and growth

rate of 2.5%.

135. Another similar procedure worth trying is that asuggested
by Braas (Brass et al, 1968}. In this method the age
equivalents of the deviations of the cumulated 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 might f£it the data on
hand, in many cases.

Methods Based on Analytical Manipulation of Age-Sex Data

136. We have already referred to the application of
projections (reverse and forward) for the evaluation of data.
There is yet ancther important application of forward
projection technique suggested by Coale and Demeny. Various
life tables are used t¢ project cohorts such that the projected
figures tally with enumerated figures at Jleast approximately.
Fluctuation in the levels from 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
ratioe 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 preojections.

138. An allied method which can be uysed to evaluate data is
due to Hardy. In this method the difference between those aged
say, 10 yvears 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 cobtained. Thia 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 guinary ages. The
acceptability of the death rate will indicate the quality of
data by age and sex.

13%. An important method for checking consistency of age-sex
data is that based on cumylated age distribution. We have
already noted its use in comparing observed with model values.
Another application when approximate stability can be assumed,
i8 that based on growth rate, grossg reproduction rate,
mortality level or any other fertility/mortality information.
The method can be used Lo estimate mortality level given the
values of either the growth rate, or gross reproguction rate
GRR. Conversely, given a mortality level, estimates of v 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 guality. See chapters 3 and 4 for details.

2.5 BSome Methods of Data Adjustment

140. Baged on the findings of the evaluation and appraisal of
the various types of basic demographic data, it is obvicus that
before they <c¢an be utilised for proiections and other
analytical purposes, it is necessary to adjust and smooth the
data to remove some of the inherent errors, biases,
deficiencies and other defectz in the data. However, the
adjusted data should not only be smoocth, they should also be
consistent with each other and with demographic, socio-economic
realities in the past. <Thus consistency with the various
demographic parameterz should be vouchsafed and not sacrificed
at the altar of the s¢ called smoothness of data. Also, the
adjustment should be minimal and be specific¢ to take care of
the types, varieties and magnitudes of the errors ang
deficiencies.

|



we O -

141. ‘there are several methods of achieving smoothness in
data. in addition to using information from extraneous sounrces
like post ernumeration surveys, mathematical methods are the
easjiest and need only very little information and can be
carried through mechanically. But, one should be cauticus 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 bilases into the data.
Alternatively, there are geveral demographic
technigques-~borrowing from other experiences, models ebkc. and
sometimes a combination of these-mathematical and demographic
which might work well in many situations.

Adijustment of Age Sex Data

142. Since age-seX data are paramount in demographic analyses,
most attention has been devoted to adjust these. Two Dbroad
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
peing based on more carefully planned and collected information
might be used for adjusting the observed jinformation.

143. Table Z.16 presents the effect of adjusting the male age
data f£rom 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 ¢f the ratios of stable to observed was
reduced, Thus if PBES or other extraneous information of a
better quality are available, it seems useful to use these o
adjust obsgerved age-sex data. adjustments can be for
under/over enumeration in count, age misreporting, sex vise
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 guality should be collected both in  the
enumeration and the PES or other sources.

144, £Ewhanks succintly puts the problem of adjusting census
data wusing PES information as follows: PES studies usually
provide only a good measure of the variance of the content
error. This suggests that freguently the results of a PES will
not be very usgeful for adjusting the data prior to analysis,
since such an adjustment requires estimates of the bilases in
reported ages. For example, adjusting age data before applying
stable population analysis reguires 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 French curve or a spline and weights
might be tried, but the subjective nature of these should be
borne in mird while interpreting the results. The obligue axis
method of Carrier seems useful in certain cases. In thisg

method the Ffirst 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 i-7 groupings would give lower age
ratios and sometimes also sex ratios. As a general principle,
the groups should be chosen to minimise <crossing of
boanéaries. This will frequently imply splitting a single year

group, which may be achieved with sufficient accuray by
divi iag the number in the =single vear age intc egual 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 by using PES information-Liberia, 1974 (Males)

Age {4 5-9  10-~14 15-19 20-24 25-29 36-34  35-39  40-44
claj 15.18 30.28 41.81 51.77 58.94 66,02 72.22 18.46  B3.22
C{A}* 15.39 30:55 42.14 52.75 60.13 £7.24 73.45 79.65 84.24
CBR 38,77 43,93 43.30 42.71 40.30 39.35 38.45 38,81 38.14
CBR* 40.39 44,43 43.80 44.07 41.83 40.30 40.13  40.63  39.43
CBR Mid range 4.53 3.41%

Sum of squared deviations 098 .a81*

hd These pertain to adjusted values

Source: Ewbank. D.C., Age misreporting and age selective underenumeration:
Soutcesg, patterns and consequences for demographic analysis,
National ACademy Press, Washington. D.C., 198}1.
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146. Since other types of errors are found at very young and
slder ages, it is suggested that this smoothing technique be
reatricted to ages 10 to 59 or 64 or at the moest 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
gﬁart of the age range (here 10 as an example) and continued by
the five vear groupings till the last group, say 69 years.
Thus we get cumulated populations from 10 onwards for ages 15,
20; 25' 30' 35; 46( 45; 50’ 55' 60' 653 ?G; a&suming that the
groupings are in the conventional five year age groups, 10-14,
15«19, ssessessssnny 65-69, If the age groups are in the 2-6
pattern, then the first age will be 12 and the first group
i2-16 and the cumulated values will be for ages 12-16, 12-21,
12~26, +eesnssesy, 12-66 or perhaps 12-71., Suppose 6% is the
last age selected and 10 the starting age, then there are 60
single year ages in this range for which the cunulated
population comes as P(10~69). An average for each age is thus:
P(10-69)/60. TThis average need be ralculated only
approximately, say to the neareat 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,¢.0ces.44,69 by the
formula: Q{x) = Bl{x) ~ (X~9) & For ¥ = 14,19,4v++.,6%9.

148. The ¢i{x) values are then plotted against X and this graph
is the obligue axis ogive. The Q{(x) values are then smoothed
by visual inspection and a curve iz drawn through the smooth
values and are denoted as ¢'{x). Prom these smoothed values,
we revert back to P'(x) the smoothed values of the cumulated
populations at various ades by the equation: B*{X) = Q' (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
Hations or a three point version of it, moving averages,
Carcier-Farrag ratio method, Newtons halfing Eormula {quadratic
interpolation}, osculatory interpolation formula and other
curve fitting methods are some of the other mathematical tools
in data adjustment.

150. 7The 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:

fox.i.f‘{ 1/16) (—33*18,}(“&*403-5 'x..ld-iﬂux‘ x+4t4U04 5,%+9"Ux+10, x+14!
where Uy x44s «... are the reported populations at ages x to

X+4, +4. and Vy x44 i8 the corresponding smoothed value.
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151. This formula can be conveniently denoted by the notation:
Vg, x+4 = (1716} (-1, 4, 10, 4, -1) where the weights -1, 4,
10, 4 and -) are to be applied respectively to¢o 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:
Yx’x.;.,& = (1/35) ("}nr 4c3at4t ~1)

In case the age groups are affected by migration, it is not
advisable to include a large number of age groups in the
smeothing 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 beinyg smoothed being flanked by the preceding and
sucgeeding 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 digit
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
congidered are 2-11 or 3-12 which then would be split into 2-6,
7~11, or 3~7 and B-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:

Py,x+4 =(1/16) {Py_30,x-1%8 Py, 349 ~Px+10, x+19):

The second balf can be obtained either from the formula:

Py45,x+9 = (1/16) (~Py.jg,x~-1 *8 Py, x+9*Px+10,x+19) Of

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

Py+s,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 vyear
groups. The weights are:

"xﬂu}.}.?; &8859; nanO; ‘u0859p oOli?
to obtain the first five year group and

‘0117,--8359, .ﬁﬂﬁﬁ, -0859; ‘.G}.}.? for the se(.‘:()nd five
year group.

The Karup-King and Sprague methods are Kknown as
osculatory interpolation formulae.
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156. The Carrier Farrag ratic method is yet another procedure
for splitting a ten year gqroup into two five year groups. In
this method, appropriate Len 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:

Pg-g /P1g-19- Usually since the age group (-4 is
affected by underenumeration, it is advisable to exclude it.
For the consecutive ten year groups, similar ratiog can be
caloulated.

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

4
Let Ky ={Ps5.14)/{P15.24}, then Py5_319=K) Pig.24/(1+Ky}

and hence  Pjp.ps4 = Pis-34 ~ P15-19 = Pi5-24/ (14K)
and so on.

158, Det us illustrate the apllication of some of these smoothing
technigques to the data from Ghana. Por 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 2.1l we have the five year age distribution for
femaies, FProm the UN five point formula we have
(1} 1

Pag-24= 1; E-Fro-14t4F15-19+10F 024 +4F35.29-F39.34]

X
= = [~728387+ 4(608791)+ 10(572011)+ 4(511526)~ 391121]
16

1
= = [-72B387+ 2439164 + 5720110 + 2046104 -391121}
16

1
= - [9085870] = 567867
16
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160. Similarly the mild version of the formula will give:

(2) 1
Fopp4 = = [~728387 +4(609791) + 30(572011)+4(511526) -391121]

36
L

= - [~728387+ 2439164 + 17160330+ 2046104 -391121)

36
1

= - [20526090] = 570169

36

The three point formula will give:
{3) 1
Fag-24 = — [=609731 +2(572011) + 511526]
4

1
= = [609791 + 1144022 + 511526}
4

1
= - [2265339] = 566335
4

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

Fgul4 = 989038 + 728387 = 1717425
Fig.p4 = 609791 + 572011 = 1181802
Fyg-34 = 511526 + 391121 = 902647

l62. Since the group 20~24 is in the second half of the group
1524, we use the formula:

(4) 1
Fa0-24 = = L-Fs_j4% 8F35.24+F25-34]
16
1
= =~ [-1717425+ 8({1181802)+ 902647)
16
1
= - [~1717425+ 9454416 + 902647]
16
1

= - (8639638) = 535977
16
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163. To use the Carrier-~Farrag ratio method,
we calculate

E
5-14 1717425

K=  mmccmem = e = ],4532
Fi5.24 1i81802

and K = 1.098

Then {5) Fi5.24 1181802
Fapuzq = —m=mmem— # emeeeee = 563299
1+K 2.098

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

165. A combination of appropriate grouping, preliminary
smoothing and osculatory interpolation might work in some
casegs. It is advisable to carry out most of these methods
before decidiﬁq’ on the most appropriate smpothing. On the
whole these methods are risky and will have to be used with
care and monitered thoroughly.

Demographic Methods

166, Under this category, there are a whole host of mnethods.
The best known is the one based on models or analogies. In the
former, the age~sex distribution of the country is assumed to
fit in with an appropriate model population based on
demographic parameters. In some cases, the age~gex
distribution is borrowed from the experience of another country
or area which is anticipated to have similar demographic
evolukion but has better quality data.

167. A combination of mathematical and demographic methods is
sometimes preferable., For example, for the younger and older
adges the adjustments may be based on models but for the other
ages, moving average or other mathematical methods mnray be
used. The Brasg logit method is another technigue utilising
models, mathematical tocls 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 the area being studied.
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168. Where more than one epumeration is available, the
survival ratios and ogther 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+1l1 at the 1967 and 1%78 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 ratics also can be used first by
smoothing these ratios and applying them to the enumerated age
distributions.

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

170, The method consists of calculating

1+ Ci{x)
[=m=——=w=—=], where
Y{x} = in 1 - c(x}

C{zx) iz the cumulated proportion upto age X in the observed
population.

171, The regression egquation suggested is:

2 .
¥Yi(x) = A ¥, (x) + B ¥ (x), where

Y$(x) is calculated from & 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 Yj, ¥3, ¥g1. and ¥g, are

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

- -

1 Yi f{z
A= [meemmmmmmmemn] [mme = )
¥g1 - ¥g 51 ¥g2
and Yz -
B = - -~ A ¥g3
¥g2
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173 Using these values of A and B, the expected wvalues of
¥{x) can be obtained from the gquadratic regression eguation.
The values of C(x) are then obtained as

eY(x} - l

eY{x) 4 3

Taple 2.17
$moothing of age data by Manual X method: Ghana 1984 -female

Age cix) ¥{x) Cgiz) Igix} ¥*{x} C¥*(x) c*(x)
5 163 «329 »181 «366 «363 179 179
14 «322 .663 «327 +679 665 .323 «144
15 «438 «939 450 +969 +951 443 +120
<0 «536 1.197 «553 1.245 1.217 «543 <106
25 .628 l.47% 640 1.516 1 477 +628 -085
30 « 710 1.774 +713 1.786 1.733 700 072
35 713 2,055 774 2.060 1.991 » 160 «peg
40 «821 2,320 «825 2.345 2.257 +811 051
45 <861 2.594 867 2.642 2,533 +853 042
50 «8395 2,833 502 2.966 2.830 +B89 036
55 -924 3.231 .930 3.317 3.14% <318 +029
60 « 941 3.493 2952 3.705 3.488 941 023
65 » 960 3.892 .970 4,185 3.923 961 D20
g «972 4,255 983 4.759 4.424 +976 +015

Hote: The Cgix) 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 - -
¥ {x) = A ¥g (x) + B ¥g {x) ¥y = 1.205 ¥, = 3.240

— —

Ysl @ ] .232 Ysz w 3,417

1 oY ¥y 1
A =] 11 - e ] wee—w ] [ ,978 - ,948)
- - - - -2 .185%
{tgy - ¥g31 ¥s1 Ygo
= ""'00137
Ez _
B = === = A Ygs = .948 + L0137 (3.417) = ,9948

Yg2
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174. The adjusted populations at each age group can then be
obtained by successive differencing of the estimated cumulated
proportions. Table 2.17 illustrates the use of the method to
the female age distribution of Ghana, 1984.

i75. Admitting that some of these technigques are 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 guite expeditiously. The UN five point and Carrier
Farraq, Newton guadratic difference and Sprague osculatory
formulae are available in the U8 <Census Bureau programmes
UNsMil, and SMOTH programmes.

176, The US Bureau has alsc another method FWDRV 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 twe 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-gex
data adjustments during 1970 and 1980 round

177. Age sex data from selected African countries (Anglophone}
were smoothed by the various mathematical and demographic
technigques and results for some of these are presented in table
2.18. &n 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 enuameration and reporting are guite
seriougs. It is only the osculatory interpolation formula which
technically can smooth young ages and old ages other than the
open ended ages,

179. A study by ECA concluded that Brass method of smoothing
is reconmended 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 to
adjust the age distribution., Thus Jlike the guasi or sgtable
population models which are used to smooth data, the Brass
method also depends on the adegquacy of the selected reference
gtandard. To the extent that there is gome subjectivity in
this selection, it is sugqgested that care should be eXercised
in its use.

Adjustment of Fertility and Mortality Data

180, Since the biggest problem in fertility and mortality data
is the large omission of events, any, information on coverags
would be useful te adjust the data. The Brass P/F ratio method
to a large extent takes c¢are of under reporting of births
during the past year as conpared with retrospective

e
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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 ot 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

Un Oscula~ Brass Quasi Carrier-
Age Repor— Method tory logit Stable Parraq
Groups ted intar- difference Model
polation method

04 i8.1 18.9 19.2 18.4 18.3 18.2
5-9 15.8 15.3 14.7 14.3 14.3 15.8
16-14 1l.6 11.9 11.6 11.9 11.9 1l.8
15~159 9.8 9.6 9.8 0.2 10.0 9.7
2U-24 8.3 8.5 B.7 8.7 8.4 8.8
25-29 7.9 7.4 7.5 7.1 7.1 7.4
30-24 5.7 5.9 5.9 6.0 6.1 5.9
35-39 5.0 4.8 4.8 5.1 5.2 4.8
40-44 3.9 4.0 4.1 4.2 4.4 4.1
45-~49 3.5 3.4 3.3 3.5 3.7 3.3
50~54 2.7 2,6 2.6 3.0 3.1 2.5
55-53 2.0 2.1 2.1 2.4 2.5 2.1
60~64 2.0 1.8 1.8 1.9 2.0 1.8
65-69 1.3 1.4 1.5 1.4 1.4 1.4
70~74 1.0 1.3 1.1 1.0 0.9 1.0
75=79 U.8 0.7 H 0.6 0.5 3.5
g0+ 6.6 0.4 0.8 0.3 0.2 0.8
Index

of diss- 2.2 2.3 2.9 3.1 1.4
imilarity

results. A& method proposed hy Ajit Das Gupta for adjusting
parity at older ages might work in certain situations. To
adjust for the so called 'zero error’ the method propoesed by El
Badry may be useful but one should ascertain that the
conditions for using the technique are fulfilled. Where the
proportion of gzero parity reported is extremely small and does
not vary over age, this method wmight not work. Fitting of
curves to parity or cumalated 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 Cgale~-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 gituation.



- 86 ~

18l. For adjusting mortality data, the Brass, Sullivan,
Trussel and Preston~-Palloni methods might indicate directions
of errors and deficiencies. Adult mortality 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 & programme called BENHR 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 etoc.

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 wmisreporting show a rather
large random component in age reporting, suggesting that
caution sheuld be exercised in analysis at the individual level.

185. pome uses of data ey stable population analysis are
insensitive to gross srrors in age reporting, whereas the Brass
techniques for estimating fertility and wmortality might be
sensitive ©o0 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 analvsis 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 underenumeration
in these age dgroups might bias estimates of fertility rates and
of ages at first union and first birth and hence it is still
necessatry to be cautious of results based on stable population
analysis. Brass P/F and c¢hild mortality method depend on
ejperience 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 biages in the estimates of fertility and child mortality;
however, they are clearly linked to parity and union status.
Parity is most closely related bto 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 c¢hild 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
2024,

187. Again, between ages 15-30 most individuals reach puberty,
form their first coajugal 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 dynamiecs and each is of primary interest to
demographers. The significance of these changes is made even
more g¢rucial by the fact that some of the techniques for
astimating overall fertility and child mortality rates
{especially those developed by Brass) rely heavily on the
reported ezperiences of women aged 15-29.

188. ©Evidence of biases due o mnmisreporting of age on
egtimates of fertility is shown by data in following table.
Four age groupings: 0-4, 1-%, 2-6 and 3-7 were used to arrive
at estimates of fertility from current and retrospective
reports and using correction factors Py/F; and P3/F3.
The estimates even though variable, are not drastjically
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 e2tc., may not effect estimates very much.

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

Parameter Basis of Age range
estimate . o A e i s
15«19 1620 ]17=-2] 18-22

TFR P5/F, 7.78  7.91 1.710 1,61
P3/F3 7.62  8.06 7.86 7.80

Source: Ewbank D.C., Age misreporting and age  selective
underenumeration: Sources, patterns and consequences for
demcgraphic analysis, National Academy Press, Washington,
p.C., 1981,
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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 original figures. This was true of parity also. Under the
hypothesis of higher fertility and lower parity, he noted that
the P/F ratios declined from a rather high value much above 1
at age, 15-19 to values around 1 by age 30-34. Table below
presents the PB/F ratios by age for the data from the 1978
sensus 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 1378

Age group 15-139 20-24  25-29  36-34  35-39 40-44  45-49

P/F ratio 1.40 1.30 1.17 1.12 1.04 0.96 0.80

190. Table 2.21 presents life expectation based on Brass
estimates of 43, dpr g3 and dg, utilising  four
different age groupings to study the effect of dJdigit
preference. It can be noted that the differences are smaller
than those among the four gy values. All of them show high
life expectation through gq; and a declining pattern. But in
many other situations, what we see is higher values of life
expectation based on g3 and gg 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 have similar tabulations for other c¢ountries
where the levals show a contrary pattern.

Table 2.21 Estimates of child mortality derived from different ade
groupings -~ Ghana, 1971

Parameter Basis of estimate 1519 18-20 17-21 18-22
Life expectation d1 57.10 55.86 55.07 55.26
at bicth
dz 53.49 53.49 53.49% 52.91
q3 51.58 50.47 50.59 50.471
qs 49.63 49,21 49,21 48.98

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




w B9 -

Table 2,22 Percentage of children dead by single years of age
of mother, Ghana, 1971

Age i6 17 18 19 20 21 22 23 24 Z5 20 27 28 28
% dead 106.0 6.8 8,1 8.6 10.7 12.7 11.1 12.7 12.7 13.3 13.8 15,3 15.6 15.7

Age 34 31 32 33 M4 35 36 37 iB 39 48 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

Scurce: Bwbank D.C., Age misreporting and adge selective underenumeration:
Sources, patterns and consequences for demographic analysis, National
Acadenmy Press, Washington, D.C., 1981.

181. The effect of age misstatement on Brass estimates of
child mortality was studied by Bantow through a micro
simulation model and following Table 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-sbout 3 years on the averagse.
Interestingly, the life expectation shown by the successive
gy 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 1life
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 Jlost their parents. An important varlable used in
adult mortality estimation is the mean age at child birth. Age
exaggeration c¢ertainly would bloat this up. Again, in
spcieties 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, Por 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 WFS data from Lesotho showed that an
agsumption of an exaggeration of 2 years in age reporting but
with the mean age at Dbirth not c¢hanged, reduced life
expectation of males only by half a year. Byt 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 gimulationg of the effect of .age misreporting on

Brags child mortality estimates

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

misreporting

Moderate mortality

qy 61.4 63.5 66.2 65.9

g3 60.3 60.3 60.7 59,4
High mortality

q1 45,3 44.1 50.4

dp 38.2 40,9 46,6

43 37.3 38.8 39.5

Source: &antow G., Microsimulation test of the offect of age
migstatement 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 alsc by the effects of age
misreporting on the standard life table used to smooth the
survivorship estimates obtained.

134, The effect of age misstatement on widowhood/widowerhood
also is important in estimation of adult mortality. The
proportions with spouses still alive asg obtained from the 1977
fertility survey & Lesotho is presented below. (Table 2z.24)
Even though the proportion is declining smoothly, still the
values 1look large especially at older ages. Using these
values, life tables were constructed by splicing child and
adult mortality through the method suggested by bBrass and Hill
and the life expectations were too high.

195, Rashed tested the sensitivity of the Brass death
distribution technigue t¢ age misreporting under 2 models — one
with the same pattern of age misreporting for the population
and the 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.
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Table 2.2% Proportion of ever married persgns with first spouge
still alive, Lescotho, 1877

Age group  20-24 25-29 30-34 35-33 40-44 45-49 50-54 55-59
M (9942 .9904 .9765 .9704 .9399 .9143 .8831 .8632

Prop. not widowed
F .9793 .8076 .9311 .8981 .8154 .7298 .6440 .s5208

Source: Lesotho Fertility Survey, 1977.

2.7 Conclugion

196, It has to be stressed that data correction will not
substitute for care and caution in data collection and in fact
it would be detrimental to give the impression that improvement
of data c¢ollection is not necessary because correction can
always be done. #ethods and technigues would be harmful if
they were used as & pretext to ignore the importance of a deep
quantitative knowledge of a population's characteristics,

geography, economic life, sociology, customs and history.

187. This does not imply that data need not be adjusted, but
what is needed is that in every case, adiustment should be
gpecific to the situation and care should be taken not to over
correct data, so that the s0 called ‘corrected data' does nat

lead away from reality.

198, A battery of tests and methods are needed before an
asgsessment of data can be made, A cafeteria approach

subjecting the data to several types of scrutiny might reveal



- 52 -

the patterns and magnitudes of errors, biases and other
deficiencies and one may be not only able to arrive at
plausible explanations for these sco that future data collection
effoerts could be aware of these and avoid them, they could also

be guidelights for adjustments.

19%. The types and varieties of errors vary from one country
to another and perhaps over time. Generalisation from one
experience is risky. Evaluation and adjustment is still an art

and needs a lot of experience in handling data. In developing
countriea with many unknown facts about population, evaluation
is like completing a jig-saw puzzle with some pieces mnisasing
and a few distorted. What one tries is to disentangle the

pieces and see what energes.

200. It is useful if evaluation studies are published in
detail s0 that lessons could be learnt from the experiénces.
There is clear need for npot only detailed studies on data

quality but also their publication and wider dissemination.

201. BEvaluation and analysis of data should be planned in
advance and continuous guality control must be ensured. A post
mortem examination might not reveal significant factors and
facta and much of the vital information collected might become

elther less valuable or sometimes usaless.
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CHAPTER 3
ESTIMATION OF MORTALITY
3.1 Introduction

i Tne impourtance 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
alsc help in evaluating the quality of data collection which
will conseguently 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" technigques of gstimating vital
parameters.

2. Over the years, the amount of data collected bhas
increased in volume. Although the improvement in the guality
of data might not be as much as the increase in quantity, it is
safe to say that there has also been an improvement in the
guality of data since the early 1960s. On the other hand,
there have been a proeliferation of technigues 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, €éither do not have Vital Registeration Systems or
where they exist they are neither represgentative nor complete.
The result is that mortality Jevels and trends can not be
estimated using conventiocnal methods. 1Indices such as crude
death rates, standardized crude 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 SuUrveys.

d.2.] 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 Ffor wvital 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 mortatility
in the early 1960s from data on children ever born and children
surviving to all women in the reproductive age group led to the
inclusion of questions on survival of children ever-pborn to
women 13 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 guestions
were: How many children has she ever born? and How many of
these are now still 1living? 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 ate
still living with her? How many are still living elsewhere?
and how many are dead? These information were preferably to be
collected by sex of children.

5. The apparent success of the children ever born-children
surviving (or children dead) data to estimate Infant and cChild
Mortality (ICM) statistics 1led to the investigation of the
relevance of data on the survival of parents and the further
recommendation by the U.N, te the inclusion of guestions 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 ag 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 spouse 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

&, Sample surveys are second to censuses in  providing
information on mortality in  Africa. Apart from the
pest-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 c¢hildren surviving.
In fact, prior to the 1980 round of censuses, most of the
French-speaking African countries collected their demegraphic
data from Sample Burveys. The data collected from such surveys
have been: children ever-porn and children surviving 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 BSurveys, the World Fertility survey deserves a special
rention, It is & survey which collected a very high quality
data on fertility which has alsc been used to derive mortality
indices from a small sample with intensive supervision though
it was not meant for mortality studieg. 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 c¢lassified
inte two parts. These are those that depend on conventional
data and those that are based on unconventional data. The
methods ¢an also be clagsified by whether they estimate adult
or «c¢hild mortality. Except for a brief mention o©f the
available methods, the paper will concentrate more on those
methods that are based on unconventional data. Classification
will also be made on whether they estimate c¢hildhood mortality
¢r adult mortality.

3.3.1 Child Mortality Bstimation

The conventional data on child mortality are: births,
deatirs in infancy and childhood, and child population by age.
Bach of thege data are potentially sublject to large errors.
gvaluation ¢of the data pefore computing infant mortality rate
can be made using the balancing eguation 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 Bstimation from Unconventional Data

9, Data on reports of women concerning their live births and
the sgubsequent survival of those c¢hildren are utilised to
estimate mortality rates. In its simplest form, the technigque
regquires the total number of children ever born and the Lotal
number surviving among the ever born c¢lassified by age of
mother at the time of census or sgurvey. HMethods 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
probabilities of dying, gfi) before childhood age (ij.
Ideally, to estimate g{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 dirsct method is impossible to
achieve in Africa south of the Sahara because of the reasons
given earlier., Therefore, the Brass technique ¢ircumvents the
proeblem of feoellowing a cohort of births by developing an
ingenicus method of converting a mortality statistics p(x), the
proportion of children dead among ever born to women of age x,
into a probability of dying before age i, gq{i}). Since the
children of mothers who are aged x are not of the game age i,
the proportion dead, D(x}, is a composite of child~mortality
levels. Brass's technigue is therefore essentially the
development of a multiplier that will convert D(x) to gi{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.

Cyle) = the proportion of children born t years
before the census or survey ({(whether alive
or not) to mothers of age x :

qlt) = the proportion of children who died among
those born t-yvears before the census.

If & represents the earliest age of child-bearing,

=8
D(x} = »_ Cyltlqlt) (1)
t=1

Under assumption of constant fertility and mortality
and given that the information on number of children ever-born
and c¢hildren surviving were accurately reported, a life table
satisfying equation (1) can be determined for a given Cg{t)
distribution. Let g¢'(t} be such a life table.

Bquation (1}, then becomes X~
D(x) = = Chltig'it) (2}
t=l

From equation {2), it follows that the proportion of children
dead 1is a weighted average of the probability of dying with
Cy{t}) as weights. By mean value theorem, there exists a
number u where 1l < u < x-8 such that

pix) = g*'{u) £3)

Further, let us assume that the pattern of mortality is known.
In such a life table system g'(t)} = K. g'g{t)

where gq'g(t) is the survival probability which can be picked
from among the one parameter life table systems which is
congsidered here as & standard. K 1is independent of age and
measures the level of mortality.

12. In such a situation, egquation {3} becomes

D{x)=K . g'glu} (4)
Since u c¢an assume integal as well as non-integral values
depending on the distribution of c¢hildren by age, Brass
developed a aset of conversion factors to transform the
proportions dead, D(x}, to probabilities of dying to specific
ages, Q's(i}n

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

q'(i) kagfg(i) q'gli}
K(i) = ==== = mm——— 2 ee—— (5)
D(x) k.qfg{u} q%iu)

Similar argument can alseo be used to determine the conversion
factors for data tabulated by duration since first marriage.
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The correspondence between u and i in that case will remain the
same, the only change will be the age g¢roup of mothers being
replaced by duration since marriage. The correspondence is
that duration U-4, 5-%, 10-14, 15-19, 20-24,25-29 and 230-34
teplace the five year age qroups 20~-24, 25-29%, 30-34 upto 50-54
regpectively.

i3. The development of equation (5} assumes that the
country under study has the relevant data to determine the
Cx{t) correctly. Buit,  since the state of demographic data
collection in Africa has3 ‘not reached such a level, the need for
indirect methods of estimating mortality would be in order.
Lack of reliable data to estimate Cy(t) led Brass to use a
model ferrility 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 f(x) = C{X~5}(5+33-X)% where x is age of
woman, S is the earliest age of c¢hild bearing and € is a
constant dependent on the level of fertility. Kote that the
fertility function is a rigid curve that c¢hanges the level but
not the structure. The curve slides forward and backwards
alony the age axis with changes in the value of S, the earliest
age of childbearing.

14. A panel of mualtipliers is therefore developed for
various values of S, but since measuring S in real situations
will be 4difficult, an entry parameter which is related to § was
used instead. Such a parameter was a ratio of the mean number
of children ever beorn Lo women 15-19 t0 the mean number of
children ever born to women 20-24 (Pl/P2) hereinafter called
PARL. Other entry vparameters such as the mean and the median
of the age specific Ffertility ratea are also used to select
multipliers for the older age cohorts (women 30 years and
over}. Later, P2/P3, (PAK2), was alsc included as another
parameter for selecting the multipliers for age groups under 30
years, The logdit system generated by the general standard was
the mortality pattern wused in the development of the
multipliers (UN. 1983).

15. Later studies by Sullivan {1972) and Trussell {1975}
examined the estimation problem in a different way.  They
studied the relations between D{(i} and q{j) using regression
analysis. Por these analysis, observed fertility distributions
of European experience were used by the former while the latter
uged data generated from model fertility schedules developed by
Coale and Trussell {1974). The entry parameters were PAR]l for
the former and PAR1 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, ....us, 45~49) age groups. Unlike Brass, both
Sullivan and Trussell developed their coefficienta for each of
the Four Coale and Demeny (1966) Regional Model life tables.
Based on the New United Nationg Model life tables and fertility
g#chedules gdenerated by Coale-Trussel, Palloni and Heligman
(1986) have also developed coefficients that help investigators
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to compute wmutfipliers 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 origional papers should
be consulted; though in the case of Trussel's variant a
modified and simpler version is given in a recent publication

of the United Nations{1983) on indirect techniques for
demographic estimation.

1s6. Here, the 7Trussell variants will be applied. Tables
3,1 and 3.2 give the multipliers. Experience in RIPS and
elsewi:ere 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:

{A} Women in the reproductive age group by age of
married women by duration since first marriage.

{B} Number of children ever born to women in each age
group of duration group.

(c) Humber of children dead or surviving among those
ever born in each age ¢r duration group.

The mechanics of the technique:

{1} Let CEBB{i}, <b{i) and wW{i) denote respectively, the number
of ¢hildren ever born, the pumber dead among the ever born and
the number of women in age group i where i=1,2,3,4, .ccences 7,
corregponding respectively to age groups 15-19, 20-24, .... and
4549,

Step 1l: Calculate the mean Parity, denoted as P{i), using

Pli} =  wemww far 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

22236240

P{4) = -—e—cemw- = 5,.3881
412691
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Table 3.1 Coefficients for Estimation of Child Mortality Multipliers,
Prussell Variant, When Data Are Classified by Age of Mother
Mortality Coefficients
Mortality Age Index ratio?
model group i g{xi/pli} a{i) b{i} <cli}
(1) {2) (3} {4) {5) (6} (7)
7 o 4+ P 15-19 1 gq{1)/p{1) 1.11% ~2.9287 0.8507
20-24 2 q(2)/n(2} 1.2390 ~0.8865 ~0,2745
25-29 3 g{3)/p(3) 1.1884 0.0421 -D.5156
30-34 4 qi5)/0(4) 1.2046 0.3037 -0.5656
35-39 5 ¢g{18)/p{5} 1.2588 0.4236 -0.5898
40-44 & g{15)/D{6} 1.2240 0.4222 -~0.5456
45-49 7 qi20)/D{7) 1.1772 0.3486 -D.4824
SOUEN.ssrocae 15-19 1 gti)/D{1) 1.0819 -3.0005 -0.8689
20-24 2 g{2)/p{2) 1.28486 =0.618B1 ~0.3024
25~29 3 gi3;/> 3) 1.1223 0.0851 ~0.4704
30-34 4 g(53/Dl4) 1.1905 0.2631% -~0.4487
35-39 5 qilg)/b(5) 1.1911 0.3152 -0,42%91
40-44 6 g{i5)/ple) 1.1584 0.3017 -0.3958
45~49 7 g{20)/D(7) 1.1307 0.25%6 ~0.3538
Eastesssnsne 15-1%9 i g{l)/p{1) 1.1461 -2,2536 00,6259
20-24 2 gl23/pi2) 1.2231  =D.4301 -0.2245
25~29 3 gl{3}/D{3) 1.1593 0.0581 ~0.347%
30-34 4 g{8)/D{4)} 1.1404 0,1%91 -0,3479
35-39 5  g{i10)/D(5) 1.1540 6.2511 ~0.3506
40-44 6 ¢l(15)/D(8) 1.1336 0.2556 -~0.3428
4549 7 g{20)/p(7) 1l.1201 0.2362 ~-0,3268
West 15~19 1 g{l}/D{1} 1.1415 =-2.7070 0.7663
20-24 2 gl2)y/n{2) 1.2563 -0,5381 -0.2637
25-29 3 gi3)/D(3) 1.1851 0.0633 -~0.4177
20-34 4 gq(531/D(4) 1.1720 0.2341 -0,4272
35-39 5 a{i0)/D(5) 1.1865 0.3080 ~0.4452
40-44 G GL15)/D(6}) 1.1746 00,3314 ~0.4537
45-49 7 g{208)/D(7) 1.1639 0.3190 ~0.4435

Estimation equations:
k{i}=al{i)+b(i} PARI+c{i)PAR2

q{x)=k{i)D(i)

a Ratio of probability of dying to propertion of c¢hildren dead.
This ratio is set equal to the multiplier k{i}.

Source:

United Nations.
Demographic Estimation.
Nations.

Ho.B8l.

{Manual X}.
Population Studies of the United

S5T/ESA/SER,A/8l. Hew York.

Indirect Techniques for

P.77.
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Table 3.2 Coefficients for Estimation of the Reference Period, t{(x}%,
to which the Values of g{x) Estimated from Data Classified
by Age Refer
Para- Coefficients
Mortality Age inde® Age meter
model group i ¥ estimate a(i) B(i} cfi)
{13 (2} {3) {4) (5} {6) (7} {8)
Nottheiesnses 15-19 i 1 g{1) 1.0921 5.4732 ~1.9672
20-24 é 2 gl 2} 1.3207 5.3751 0,2133
25-29 3 3 q{3) 1.5996 2.6268 4.3701
30-34 4 5 g(8) 2.0779 - 1.7908 9.4126
35-39 %5 1 g(l0) 2.7705 - 7,3403 14,9352
40-44 6 15 qgi{l15) 4,1520 -12,2448 19.2349%
45-49 7 20 g{2o} 6.9650 ~13.9}1680 19.9542
$Outbn L RN XN 15"“"‘19 1 1 q(l) 1-098{3 5.4443 ‘1-9?21
20-24 ‘ 2 g2} 1.3079 5.5568 6.2021
25-29 3 3 gt 3) 1.5173 2.8755 4.7471
30-34 4 5 g(5) 1.93%% - 2,2739 10.3876
35-34 5 10 qilag) 2.86157 -~ 8.481% 16.5i53
40-44 6 158 qi(ls) 4.0794 ~13.8308 21.1866
45-49 Fi 20 gi{20} 7.1796 ~153.3880 21.7892
East sssancwse 15~19 1 1 qll) 1.0959% 5,5864 -1.9949
2024 2 2 gl2) 1.2921 5.58%7 0.3631
25~29 3 3 al 3} 1.5021 2.4692 5.0927
a0-34 4 5 gib) 1.9347 - 2.6419 10.8533
35-39 5 10 {10} 2.61597 - 8,9693 17.0981
40-44 & 15 q{15} 4.1317 -14,3550 21.8247
45-49 7 20 g{20) 7.3657 -15.8083 22,3005
WesSt seovenvre 15-19 1 1 g1} 1.8%70 5.%5628 ~1.9956
20-24 2 2 gqi2) 1.3062 5,5677 0.2962
25-29 3 3 g3 1.530% 2,5528 4.8962
i0-34 4 5 qi§) 1.9991 - 2.4281 10,4282
35-39 5 0 g{iy) 2.7632 -~ B.4065 16.1787
40-44 6 15 «{15) 4.3468 ~13.2436 20,1990
4549 7 20 gl 2@} 7.5242 -14.2013 20.0162

Estimation equations:
t{xi=al(il+b(i) PARl+c{i) PARZ

4 Number of years prior to the survey.

United Nationsg. {Manual X).
Estimation.
ST/ESA/SER.A/8].

Source:

New York. P.78.

Population Studies of the United Nations,

Indirect technigques for Demographic
No.81.
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Using the same formula, the mean parities for ail the other age
groups are calculated and the results entered in column 6.
Column seven c¢ontains the proportion dead for each age group.
It is calculated by the formula

Ch(i)
dii} = e
CEB({i)
For example,
368676
df{d4} = ~wmumn—— = 0.1658.
2223620

The rest of the figures are similarly computed.

To determine the appropriate multipliers from the table of
coefficients developed for this purpose by Trussell, PARL and
PARZ would have to be computad.

i8. For Kenya, PARL = 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 cecefficient given in Table 3.2 using
the relationship

K{i} = a{i}) + b{i)* PARLl + c(i)* PARZ,

Once again for i=4, and pattern of mortality depicted by HNorth
model of Coale and Demeny, K({4) =
1.2046+(0.3037x0.1730)-({0.5656x0.5074) = 0.970.

19. For fixed values of PARL and PAR2Z and varying a{ij}, b{i)
and c{i}, the set of multipliers for all Lthe seven age-groups
were computed and entered in column 8.

20, Column 9 <c¢ontains the exact ages to which the
probabilities of dying refer. The propurtion 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 make 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 probakility of dying by that age, i.e.
1(x) = 1-xY90.
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iIf the data were given by sex and the probability of dying
esgtimated for one sex only, the problem could be solved by
matching the estimated 1{x) against the appropriate model life
table 1{x) values which are given in the Coale and Demeny Model
life tables for each level of mortality. But, since the data
on children ever born and children dead are given for bhoth
sexes combined, the estimated probabilities of dying or
probabilities of surviving from birth are also for both Sexes
combined. Therefcore, the model 1{x) values will have to be
combined by a =zex ratio before the matching process begins.
Fortunately the combined probabilities of survival from birth
Lo age x for x = 1,2,3,5,10, and 15 are available in Manual X
pages 272-283 {UN,1983) for various sex ratios at birth. Hence
they can conveniently be used. 1In the case of Kenya, the Horth
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,(1978.73).

24. The t(i) are estimated from Table of Trussell
coefficients (Table 3.2) for given PARL and PARZ (See, Table 3.3)

For i = 2, £{1) = 1.0921+(5.473220.123)+(1.9672x0.5074)
= 1.04 years before census.

Therefore, the calendar year to which 19¢ refers will be
1979,73-1.04 = 1978.6% {i.e. July-August 1978}.

Prom column 12, it appears that mortality has been declining
from the late sixties upto the middle seventies. However, the
290 and 1490 implied levels suggest that the declining trend
in mottality were reversed since 1975 and infact if the figures
were to be taken at face value, they suggest that 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 have 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 bora}l 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.




Table 3.3: Application of Trussell Method of Estimating Infant and Child Mortality From Children
Ever Born and Children Dead 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 iity of of sSurviving ponding Year
Group Women Chil- Chil- Chil~ pliers Dying from Birth Level to Which

X-%+4 i wii) dren dren P{i) dren M(i) 3 Before Lo Age i, of Mor- Level

Ever Dead Dead Age j tality Refers

Born

CEB{i) c¢D(i) di i} M{i) gi{d) 1{ 3}

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

15=19 1 887722 284604 33042 0.3206 ¢.116) 1.0368 1 $.120 0.880 12.6 1978.69
20-24 2 686003 1271095 158633 1.8529 0,1248 0.9810 2 6.123 0.877 14.6 1977.37
2529 3 541261 1976739 278918 3.6521 0.1411 0.9341 3 0.132 0.868 15.0 1975.46 {
30-34 4 412691 2223620 368676 5.3881 U.1658 0.97D2 5 0.181 0.839 14.5 1973.19 5&
35~39 5 325367 2105222 388413 6.4703 0.1845 1.0326 10 &.19; 0.809 14.3 1979.65 |
40-44 6 273702 1921799 417799 7.0215 0.2174 1.020 15 g.221 0.779 13.7 1967.9%4
45~49 7 221965 1592266 403162 7,1735 0.2532 1.0029 20 0.254 0.746 13.1 1265.05
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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
che parameter model., Later, however, nultipliers were given
for the four families of Coale~Demeny Model Life Tables {Coale
and Demeny,1966). Multipliers that c¢an 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 before
age %, #go, 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
varieg widely with pattern of mortality. It is suggested that
590 is leas affected by pattern than 190, 290 anda 390
(Hill, 1986). In an event of lack of information on the true
pattern of mortality in & 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~8aharan Africa, the North family has been
considered the most appropriate and subsequently extensively
used because hospital statistics on Infant and c¢hild mortality
in this area indicated very high infant and early childhood
maortality 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, 19%85; Tesfay {(Forthcoming}; Tesfay and
Venkatacharya 1986},

27, A secvond problem is the assumption that fertility has
remained constant for quite a long time at least for the young
age group of women. Such an assumption is likely to bias the
estimated probability of dying. If we a&assume mistakenly that
the present low fertility rates obtained in the past as well,
and calculate Cy, the percentage distribution of children of
women aged x, based on the observed PARL and/or PARZ we would
under-calculate the frequency of children at higher ages {when
fertility was high) and over calculate it at younger ages.
Since git) increazes with age, the model proportion dead
Cxltl.glt)dt will be smaller than it should be and q{i) will
over estimate the true g{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 sericus f£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
g{i)} more than 8% {Venkatacharyva, 1979). The effect of changes
in fertility ¢an also be reduced by using Preston-Palloni's
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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 gquestion 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 guestion 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 gquestionable. Another solution could also be to
list children in a household immediately after the mother,

28, A serious assumption in the original formulation to
egtimate 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
agsumption i.e. declining death rates over the period before
the census or survey has peen investigated by Kraly and Norris
{1978), Sullivan and Udoefia (1979) and Paliloni (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 survey or census, This observation
was noted tregardless of the pace of wortality change.
Feeney{1980) was the first to use this relationship to provide
a4 table which will help investigators to estimate infant
mortality rates to each proportion dead by age of woman and the
time to which these estimated infant mortality rates refer.
Since the tables were given for the Brass general standard, it
was not flexible enough to accommedate vwvarying patterns of
mortality. Coale and Trussell (1978} also developed a
procedure for estimating the time Ilocation of each of the
i, estimated from children ever born and children dead.
gn this paper the wvariant given in Manual X, will be used
because of its simplicity in its application and its capability
to be used for varying patterns of mortality. Its formulation
i3
t{3) = a{i) + b{i){PARL) + €(i){PARZ)}

where t(j} i® the number of years before the census or survey
to which g(j)} the period life table with g(3j) as probability of
dving was operational, &(i), b(i}) and €(i) are coefficients
provided for each age group indexed by i=1 {15~19}, i=2
{20~24}), etc, and PARLl and PARZ are as defined earlier.
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29. The Brass procedure for eatimting child mortality is
vulnerable to gross errors 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 duestion 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 gensus/surveys which asked the
total childrn ever born.

30. In censuses and surveys, twce types of errors are easily
noticed, In the first case a number of women of zer¢ parity in
the young age groups are misclassified as women whose parity is
not stated because enumerators sometimes eguate a blank for a
zero. The problem is serious for the younger women. Depending
on the number involved, the mean parities will either be
increased (if excluded) or decreased (if included} thereby
biasing the multipliers. In such situations, the E]l-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 1lapse or
selectivity or both.

32. What ever may be the reason, it affects the estimated
mortality rates., For this reason, it is often suggested that
the experience of younyg 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 serigusly
because multipliers deveicped for non-conventional age-groups
could be used after grouping the data in appropriate ages.
gtherwise, the direction and magnitude of the errer will depend
on the direction and magnitude of the pattern of reporting.
The effect of age errors will enter the computation through
PARL and PARZ ratlos as well as thrtough 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 asgumption in Africa; neverthelese practical
axperience shows that wortality estimates based on reports of
women aged 15-19 and sometimes 20-24 are usually out of line
with the other estimates {(usuvally 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
guffer from differential motrtality by birth order (higher
amongst first born}.
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34. Mothers in old ages are likely %o be non-representative
of their birth cohorts if the mortality situation has been high
for tbem. The child mortality experience of mothers who are
dead and those 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
survev.

Survival of most 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 wmonths preceding the survey is asked for
current fertility estimation. 1In the same schedule a guestion
ot the survival status of the c¢hild is also included. PFrom
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
studied which is not possible from data on children ever born
and children dead.

36. In this technigue, the proportion surviving among births
in the 12 wmonths ypreceeding the survey would provide an
estimate of LiG,3)/1(0}, where L{o,1) is the
persons-years~iived under age 1 for a radix of l{o) = 1.00.
Implied levels of mortality and expectation of life can be
eatimated once the pattern of mortality is determined. The
technigue is inherently sensitive to the pattern of mortality
used.

37. 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(1i) and 8{(i) represent the number of babies born and
those surviving among them in the last 12 wonths 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

Por each i, calculate the proportion surviving, P8(i), as
8(i}
PS(i) = w~e-
B{i)

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

and therefore
1862

~———- = 0,904
2059

BS{5)
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Using the game 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., L{0,1)/1(0}. 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
ratiog 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
ratico., The correct progedure should have been o generate
L(0,l) for males and females combined and the level determined
by matching. The earlier one, though g¢rude, will be
satigfactory for our purpose. The estimated levels are givepn
in column 5.

38. Table 3.4 shows that babies horn to old women experience
heavier mortality as compared to those in the age group 20-34.
Though slightly better, the youngest women alss 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 monthas are uysually under reported and
certainly those who died will more freguently be omitted than
the surviving ones. Infact, with a population of 494,006, the
reported births produce only a birth rate of about 41 which is
low and indicates some omission of births. 1Indications are
that omission of births that occur in a specified reference
periocd 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
e¢xplained by age misstatement errors and differential
perception in the 12 months period. Apart f£rom problems of
errors, the method also suffers from selectivity. In
situations where the birth and instantaneous dJdeath of a baby
occur at the beginning of the year followed by subseqguent
pregnancy, and another birth in the same year, the earlier
gvent will escape recording and thus bias the esgtirialc.

39. Generally, an over all level of mortality of 1l.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 (Mabuza, 198l}.
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Table 3.4 Estimation of Mortality from Survival Status
of Births in the Last 12 Months - Swaziland 197é

Age Group Age  Birth Last Those Proportion Corres—

Index 12 Months surviving Surviving ponding
x~x+4 i Bl{i)* 8{i)* PS(i) Level

1 2 3 4 5 6

15~19 1 3322 3014 0.907 11.9
20~24 2 5868 5382 0.917 12.1
25=29 3 4749 4377 0.922 12.7
30-34 4 2879 2654 0,923 12.9
35-39 5 2059 1862 0.904 10.6
4044 6 873 783 0.897 3.9
45~49 7 481 421 0.875 7.8
Total 20226 18453 0.914 11.8

*Zource: Mabuza, S.E. "Some Aspects of Mortality in Swaziland"
Unpublished M.A. Thesis, held by the Universgity of
Ghana, Legon, 19381, p.49.

Child survival data from fertility history

40, The World Fertility Survey {(WF3) has introduced a
significant improvement in the art of fertility data
collection. Ite schedule contains a fertilty history that
collects the date of birth of each child and the date of death
of each child that has died by the survey date. Such
information makes itself amenable to the measurement of
mortality using the life table technigue. One advantage of such
data is that they help investigators to calculate probabilities
of dying that do not require reference tables {models). 1In
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 the WFS
{Smith,1980}. A 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 c¢hild 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 ¥ = age in years; n = width of intervals in years.
nPx = number of children dead betwaen age x-X+n years
nhy = number of children alive at the time of survey

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

42, The number of children who starft age z alive will be given

w
by = Z (pDj + pAj)
i=x

In the absence of death, each of these peopléd will live a

duration of life equal to the sige of the interval, n. All of

them will thus live W

Tie z, {nDi + n’hi)
1=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 sborter than n. Therefore the
total person years lived will be estimated as

W
nBx = 8 F (alitnAi)- /2 (nDytnhy)) (6}
i=yg

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

nMy= -~ (7}

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

2.0, M,
LR S (8)

2+‘n' nMx

The relationship given in eguation (B) represents an approximation;
it is based on the assumption that the life table survivalship
function, 1i{x), is linear between ages x and x+n. Though the
assumption ig not correct, its effects can be reduced by considering
shorter age intervals especially in age group 0-1. Neo-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 ndx can then be c¢onverted into probability
of surviving from age ¥ to g+n, by the relationships
l{x+n) = (lepqyell(x) (10}

for a radix of l{o} = 1.




Table 3.5

Illustration of the Calculation of Time Lived, Mortality Rates and sSurvival

Probabilities, by Age Nigeria 1981-82 Pertility Survey

Age Age Length Deaths Living Numberx Time Annual Probability Survival Probability
Group Index of in at of People Lived Mortality of Dying to Age of Dying
Interval Interval Time who Rates Between Between
i in Years of Started Age X and 4 Birth and
X=X+0 survey Interval nBx nMx X+n, 1x x, x%%
Di and age i1 Alive in n9x
i {Di+sl} Years
1 2 3 4 S 6 7 8 9 10 i1l
g~1/12 1 1/12 1462 84 29989 24235 0.6004 0.0244 1.000 0.0244
i/1z2-1 2 11/12 1422 1621 28443 24678 0.0576 0,0257 0.97586 6.04§5
1l - 2 3 1 957 1605 25400 24119 0.0397 0.0195 0.9505% 0.0680
2 =35 4 3 1049 5163 22838 59286 0.0177 0.0259 0.8320 0.0821
5+ 5 ~ 449 16237 16686 b4 X 0.9079 -

- £1T -
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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 eonly effectively be done
on a small-scale. PFor mortality studies, large sample sizes
are required because deaths are usually rare events c¢ompared to
births. S0, 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. Por instance, comwputation of the level of
mortality some 15 years bhefore the survey would only be based
on the experience of women under 35 years then because the
fertility history data limited its gquestions only to those
under 50 years of age., Besides, it is the mortality experience
af those whose mothers were alive that the estimates will be
baged on. The other problems which are specific to these type
of data are omission and misplacement of dates of birth and
death. Potter (1977) and Brass (1977} amongst others have
identified systematic biases arising from respondents' over or
under-estimation of the length of time periods 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 whete there is none, the former
affects the level of mortality. 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 Afyican context, is the effect of
imputation of the dates of birth and dJdeath of children of
mothers who are ignorant about the exact dates of birth and
death of their various children. In situations where birth
certificates, weighing cards, etc are not issued to the
¢hildren at birth it will be too much to expect the month and
year of birth of the dead and living children especially of
thoge events that occured long time in the past to be
remembered by the mothers.

inter Survey Moriality Estimation Using Hypothetical Cohkorts

46, One other method that will be used to estimate mortality
levels for those countries that have ¢ollected 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 Hill (1981). The method helps to determine the
level of mortality of the interval between two censuses and/for
surveys. After calculating the average number of children ever
born and children dead by age group of women for the two
periode, cohort changes are obtained by subtracting the initial
values for each cohort from the final values of the same
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cohorts (Zlotnik and Hill, 1981 }. The assumptions underlying
the technigue are that fertility is not changing fast and that
the female population aged 15~19 is sgectionmally closed., In
addition, it is assumed that the completness of reporting of
births and deaths in both censuses and/or surveys were similar
and that ages were reported to the same dedgree of accuracy.

47. Por data given at two points of time, the technique is to
generate a mean number of children ever born and children dead
for a hypothetical cohort which is assumed to be exposed to the
inter-survey vital rates. The parities and the mean number of

¢hildren dead are calculated Dy cumulating the cohort
inter-survey increments by age. Specifically,

48. Let Pl(i), P2(i} and Ph{i) be the mean number of children
ever bern to age group i, in the first, second censuses
{surveys) and hypothetical c¢ohort respectively. Again let,
D1(i), Dp2(i) and Dh{i) be the mean number of children dead to
the same age group and for the same populations. The mean

number of children ever born to the hypothetical cohort will be
defined as:

P2{i) for i = 1,2
Phii) =

Ph{i-2} + [P2(i) - P1(i-2)]} for 3¢ i ¢ 7

Similarly, the mean number of children dead to the hypothetical
cohort is defined as

D2{i) for i =1,2
Dhi{i) =
Dh{i=2) + D2(i) - D1{i-2) for 3 £ i ¢ 7
Onceé the mean parities and the mean number of children ever

born for the hypothetical cchort* are calculated the proportion
dead are estimated and the Trussell variant applied.

AN bl

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

p2{i} for i=1

Ph{i-1} + [P2(i} - Pl(i-1}) for 2 £ i 4 ?
Dh{i} will also be similarly modified.
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Application of the zZlotnik and Hiil Method to Kenya Data

449. The data required consists of mean parities 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 cenauses of Kenya, data on the
gurvival status of «children ever bkorn 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 c¢hildren ever born and the mean number of children

dead for 1969 and those for 1979 are given in columns 4 and 5.

If PM(i), Dl1{i), P2(i), D2(i}, Ph(i) and Dh(i) are as defined
above

Ph{l) = P2{1}=0,3206; Phi{2)=P2{2}=1.8529;: Dh{1)=D2{1)=0.0372
and Dh{2)=Dp2{2)=0.2316.°

For i=4, Phi4)

K

Ph{2)+P2(4)~P1(2) = 1.8529+(5.3881-1.3705)
1,8529+4.0176 = 5.,8705

it

phi4)

b

Dh{2)+D2{4)-DL{(2) = 0.2316+(0.8944-0.2008)
0.2316+0,6936 = 0.9252.

]

Similarly, the mean parities and wmean c¢hildren dead were
estimated for the hypothetical cohort and the figures inserted
in column & and 7. The proportion dead for the hypothetical
cohort are then computed as in the example for 1979 above.
¥rom the mean parities of hypothetical cohorts, PAR1 and PAR2
are also cal¢ulated 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 figures in column 8
and 9% are shown in column If which are the probabilities of
dying before exact ages 1,2,3,5, +es..: 20 in the intersurvey
paeriod. The probabilities of surviving from birth to exact
ages and the corresponding 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 1979. This implies an
expectation of life at birth of 5. years for females and 51.5
for males. As expected, the 190 implied level indicated much
heavier mortality than the others., The 29 implied mortality
was also slightly out of place than the others though not as
bad as the 19, 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 ig likely




Table

3.6 Application of Zlotnik and Hill Method to Estimate Inter-Census Infant
Kenya 19%69~-1%79

and Child Mortality

Mean Number of Mean Number of Mean HNumber of Proportion Trus- Index Proba~ Probabi~ Corres-
Age Children Ever Children Ever Children Bver Dead for 8ell 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- j90 to Exact

for 1969 Cohort Cohoert M{3) bility Age 3

of dying
N refers,
Pil{i) DL(i P2(1) p2({i} Phi{i) ph{i) dh(i) 3

1 2 3 4 5 [ 7 8 g 10 11 12 13
15-19 00,2357 0.06301 0.3206 0,0372 0.3206 0.0372 g.116 1.0270 1 0.119 0.881 12.6
20-24  1.,3705 0.20608 1.8519 0.2316  1.8529 0.231¢6 0.125 0.9841 2 0.123 0.877 4.6
25-29 2.8468 0.4945  3.6521 0,5149 3,737 0.5220 0.140 0.9400 3 0,132 1.868 15.0
36-34 4.2990 0.8515  5,3881 D.8944 5.8705 0.9252 0.158 d.9767 5 0.154 0.846 14.8
35-33 35,3354 1.2319 6.4703 1.1%70 7.3605 1.2245 0.166 1.0395 10 0.154 0.827 15.1
4G~-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 7,1735 1.,8149 9.1986 1.8075 0,196 i,0082 20 0.138 0,802 15,2

- L1t -~
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to be a reflection of the nature of age misstatement or an
error 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 Hill method and the Trussell
methods based on one census of 1979, that except for the
results of the first age groups ie., 15-1% and 20-29%, the
Zlotnik and Hill method implied a lower mortality than the one
census method because the implied levels refer to the mid-point
of the inter-censal interval, ie. 1974, while the 1979 results
refer to various dates prior to the censum which are indicated
in column 13, Table 3.3. The results are consistent with the
claim that mortality has been on the decline in Kenya since
niddle of the 1960s3.

54. The utility of this technigque will be limited where
censuses are not separated by five or ten years as has been the
case in most sub-saharan African countries.

55. Estimating inter-survéy mortality rates based on two
dates separated by five or ten years can serve a number of
purposes., In the first instance it can provide a sensitive
check on the consistency ¢f 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 15-12 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
higher than average mortality experience, the 494 for all
j»3 will be subject to these biases. Errora brought in by
younger cohorts may also blas the estimates based on inter
survey method for women 25 years and over.

Other Methods

a6, Various other methods of estimating infant and child
mortality undexr 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 gituvations. 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, PFor 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.
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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 £aulty and inadequate. In the
absence of such data, gquestions on deaths in a household in the
year preceeding & survey or census would have provided the
necessary information for the estimation of adult mortality.
Infact, in the early African censuses and sample surveys such
data were collected. Bowever, experience on asking direct
questions on deaths of pecople in a specified reference period
were useless because they usually give extremely very low
mortality rates, In fact, most censuses have dropped including
the guestion on deaths in the 12 months preceeding the census
or survey for sgometime now. Some of the reacsons alluded for
gross omission of the deceased in a given reference period
preceding the census/survey are:; failure on the part of heads
of househoids to delimit c¢learly the reference period,
dissolution or reformation of households after the death of an
older adult, ithe unpalatability of the event, etc., Recently,
however, various methods of corregting for under enumeration of
deaths have bheen developed based on variocus assumptions. The
methods are the Brass growth balance method {(Brass,1975})}, the
Preston~Coale death distribution method {Preston et al., 1980},
the Courbage~Pargues {(1%79) method, the Preston and Hil11{1980)
method, and the Bennett and Horuichi (1981) methods. The paper
willl discuss the Brass growth balance and the Preston and Coale
methods. For a review of all the other technigues, readers are
advigsed to refer to an article by Preston (1984) on YUse of
Direct and Indirect Technigues for Estimating the Completeness
of Death Registration Systems®.

Direct Methods of Estimating Adult Mortality

Brass Growth Balance Method

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

Ni%) = r{x+}.N{x+s) + D{x+} {16}

where HN{x) is the number of people at age %, rixt) 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) Dix+)
------ = r{ut) + e
Hix+) N{g+)

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

N(x} D{ x+)
e T S S (11}
B{xX+) N{ v+
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If registered or reported deaths represent a constant proportion

of true deaths at each age,
ieo' D'{x'i‘} = CoD(}("‘)

(12)
D'{(x+) is the reported number of deaths to people 2 years and

over; D{x+) is the true number of deaths te the same category of
people and C is the degree of completeness of death recording.
Substituting

{12} into (11) gives:

N{x) 1 DY {x+)
s s o s 2= r + e ( l 3 )
H{x+) C N{x+)

Bquation ({13}

rate of growth and the slope 1is the
completeness of death registration.

ieast squares method, etc.,

but before applying these
methods the N(x}'s wourld have to be estimated. Though, again,

there are a number of ways of obtaining the values of N{x)

y @
gimple but effective method will be to use the formula:

WNix} = [N{x-5,%2-13 + N(x,x+4}1/16 {14)

Paking V = D'{x+}/Ni(x+} and W = H(x)/R{x+), a plot of the
points (V,W) can be made on a graph paper and the scatter
studied. The linear f£fitting c¢an then bpe made after the
outliers are gdiscarded,

59, After the reciprocal of the slope of eguation (13} is

estimated, adiuted age specific death rates can be computed by
inflating the observed deatbs by a factor of C.

a0, Table 3.7 shows the application of this methed to 1967

Tanzanian census data {(Mainland} where the number of deaths in
the 12 months preceeding the census were collected.

&1, Columns 2 and 3 give respectively the age distribution of
females and the number of female deaths to each ade group in
the year preceeding the census. Let these be denoted by N{x,

z+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 eguation (14).

For example, N{10,14) = 579354; N(15,19) = 558899 and hence
N{15} = (579354 + S58899)/10 = 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{xt)
and D(x+}. For z = GO+,

is a straight line where the intercept is the

reciprocal of the

The values of r and C c¢an
be estimated by & number of methods such as the group mean
method,
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N(60+) = N{60,64}+N{65,89)+N{70,74)+N{75+)
111865 + 72191 + 60753 + 179961 = 424770
D{&80+} = D(60G,64)+D{65,69}+D(70,74)+D{75+)

1986 + 1044 + 1704 + 5979 = 10713,

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.

For example, for x = 60, N{60) = (100492 + 111865)/10 = 21236
Therefore, since HN(60+) and D{&0+} are estimated above, the
*birth day" rate = N{60)/8{60+)} = 21236/424770 = §.050 and the
death rate to those 60 years and over = DI(60+}/N{50+} =
10713/424770 = 0,022,

The get 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 straight line curve of the form W = atbV with the ratios
D{x+)/N{x+) and N{z}/H(g+) forming the V- and W- coordinates ig
fitted. As mentioned earlier, a number of curve fitting
procedures can be used but here the group mean method was
prefered because it is 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, ages 50 to 74,

62. The straight line was fitted on the mean points of the
first and last groups. If (Vl, Wl) and (Vv2, W2} are the
mid~points of the two groupa, the slope is estimated as:
(Slope) = (W2-Wl}/(V2-V1) and
Intercept = W2 -~ Vi.{Slopel.

For Tanzania 1967, V1 = (0.009+0.009+0,009+0,009+0.01})/5
= 00,0092
V2 = ((.01940,022+40.0250+0.028+0.,032)/5
= ,0252
WL = (0,040+0,037+0,03240.037+0.045)/5
= (,.0382
W2 = (0,857+0.053+0.050+0,.059+0.055)/5
= §,0548
Slope = (0.0548 - 0.0382)/(0,0252 ~ 0.00%2)
= 1.0375
Intercept = 0,0548 ~ 1.0375 2 0.0252 = 0.0287
1 1
The degree of completeness = w-— = et = 0.9 and
Slope 1.0375

the rate of growth = 2.87%.

The reasults indicate that 96% of the deaths in the 12 months
preceeding the census were reported. This is guite high but
appears to be reascnable considerimg that the implied rate of



Table 3.7 Application of the Brass Growth Balance Method to Tanzania ®(Mainland}
Females, 1967 Census Age Distribution and Reported Deaths in the 12 Months
Preceeding the Census

AGE REPORTED FEMALE Population Cumulated RATIO OF

GROUP Population Deaths at Exact Population Deaths Ni{x) D{x+}
Xw%+4 Age X%, Ni{g+) HN{x+)
N{x) N{x+) D{x+)
1 2 3 4 5 6 7 8

04 1082729 78481 - 6113856 124737

59 537761 10780 202049 5031127 46258 0.040 0.009
10-~14 579354 4610 151712 4093366 35476 8.037 0.009

15-19 558899 3928 113825 3514012 30868 0.032 0.009

20=24 528402 3499 108730 2955113 26938 2.037 0.009

25=29 556966 3067 108537 2426711 23439 0.045 0,030 ’
30-34 387987 2127 94495 1869745 20372 0.851 0.011 ta
35-39 326671 1568 71466 1481758 18245 0c.048 G,.012 n
4044 226752 2053 55342 1155087 16677 0.048 0.014 !
4549 226845 1313 45358 928335 14624 0.049 0,018

50-54 176228 1597 48307 701490 13311 0.057 0.019

55-59 100492 1081 27672 525262 11714 0.053 0,022
60-64 11186% 1988 21236 424770 10713 6.050 0,025
6589 72191 1644 18406 3125905 8727 0.059 0,028
76-74 60753 1704 13296 240714 7683 0.055 0.032

75+ 179961 59739 - 179961 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, D{x,x+d) = D'{x,x+4)/C. Por
Tanzania deaths in each age group should be divided by 0.96
before age specific death rates are calculated for the
constryuction of a 1life table. o 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 deaths 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 poting 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
rediculous result., Ancther 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 violations of the assumption of stability. The effect
of declining fertility in sub-saharan African countries might
not be very serious because changes in fertility are assumed to
be glow and perhaps it is- likely that fertility changes must
have taken place not for a long time in most o¢f these
countries. But, 1in areas where fertility has changed
drastically, dramatic effects on the age distribution will bias
the estimaticr of the degree of completeness. In those
countries where the destabilization hag started gradually and
pot long ago, the initial age at which estimation hegins can be
chosen in such a way that it avoides cohorts that have been
reduced in size by fertility decline. Dec¢lining mortality,
which most African countries have been going through, leads to
increasing rates of growth by age which in turn increases the
glope but reduces the completeness.

P:eatnn»Coaié death distribution method
64, In this method, the degree of completeness of death

recording/reporting, €, is measured as

W w
C = 2 R'(x,x+4)/3  N(x,x+4) (14)
x=a =a
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where N'(x,x+4) is the estimated population based on reported
deaths and N(x,x+4) is the enumerated population in the age
group % 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 zape age X, a year ago by, EXP{rx).

65, in a stable situation, the annual number of births are
agsumed to increase from year to year by an exponential growth
law. PFor instance, this year's births will be larger than last
year's by el where r is the constant rate of growth.
Similarly, this years births will be larger than births t vears
ago by eft, Since mortality is alse 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-yea:s’iater by eTt, Therefore, the number of deaths to a
population aged g now <¢an be estimated from reported
distribution of deaths by age. This is done by the equation

W
N'(a) = ¥, D(3) exp(r(j~x)} (15)
I=a

where N'{a} is the estimated population at age a; r is the rate
of growth and bB{j} is the number of deaths at age j and w the
upper limit of age. In the absence of errors, the estimated
H'{a) will be exactly the same as the actual or true N{a). A
ratic of the estimated to the reported population, N'{aj}/HN{a),
will therefore give an astimate of the degree of completeness.

66, The estimated five years age group populations can be
determined Dy 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

w w
c = }: N'{3,3+5)/ }: (3, 3+5) (17)
J=x =X

This is a comparison of the populations age x and over in the
estimated and reported groups. By varying the value of 3, a
geries of estimates can be determined and a median or a mean
selected,
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67. In the Preston and Coale method, the estimation of N'(j)
for the open ended age group gives a problem. To estimate this
population with ease, the Manual x has given a table of
coefficienta. The coefficients which are reproduced in Table
3.8 are given for the four patterns of mortality of Coale and
Demeny (1966) for estimating the length of time for the open
interval Z{A) such that

D{A+)ExXp{r.2(A)) = 2 D{3)Exp{r{i-A)) (18)
j=A

It is based on the ratio of deaths over age 45 to deaths over
age 10 and the population growth rate. The esgtimating equation
is

2{A) = a(A}+b{A).r+c{R}EXP{D(45+}/D{10+}) {1%)

The values of A range from 45 to 85 in steps of 5, Once 2(A)
in estimated

N'(A} = D{A+}Bxp(r.2{A)) (20)

Once the population at the lower boundery of the open age
interval, N'{a), is estimated usging equation (20}, a recursive
eguation of the form,

N'{a) = N'{a+5).Bxp(5z) + D{a,a+d).Bxp{2.5r) {21}

can be derived from equation {(15) which will be used in the
computation of the estimated population for any age a, 0€agh.

68. One advantage of the method is the process of cumulation
which will tend tc minimize the effect of age migstatement
errors. The technigue is however sensitive to the rate of
growth. In general, sensgitivity analysis of the pxbcedura on
aimulated dara szhowed that the technique iz not robust to
viclations of the underlying assumptions though it is less
sengitive than the Brass Growth balance method (Preston 1984).
Infact, the Preston~Coale method produced errors leas than half
as large as the Brass procedure under declining mortality
{Preston, 1584).

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 referz to the
censué night. Adjustment for =ix 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 PFactor for the
Open Interval, Z{A}, From the Ratio of Deaths Over Age
45 to Deatheg over age 10 and the Population Growth Rate

NORTH EAS®T

AGE
A ali} bla) " cla) alal b(a) ciA}
45 ~11.42 185.2 17.02 -15,87 174.3 18.06
50 ~10,63 167.2 14.99 -15.14 158.5 16.06
55 - 9.78 147.8 12.96 -13.97 140.4 13,93
&0 - 8§.57 126.1 10.85 ~-12.10 118.8 11.60
65 - 6.83 101.6 8.62 - .43 93.9 9,05
70 ~ 4,53 74.6 6.28 ~ 6,07 66.5 6.38
75 - 1.91 47.1 3.98 - 2.52 39,3 3.81
80 0.46 22.7 2.00 0.37 16.8 1.73
85 l.82 6,4 0.67 1.7% 3.5 0.48

WESTY SOUTH

45 ~13.43 181.4 17.57 «15.26 183.4 18.23
50 -12.44 163.6 15.49 ~14.91 168.4 16.36
55 -11.24 143.17 13,34 -14.22 151.2 14.38

C 60 - 9,50 121.2 11.07 -12.89 130.8 12.22
65 - 7,21 96.1 B.67 -18.67 106.4 9.80
70 - 4.48 69,2 6.23 - 7.53 78.4 7.15
75 - 1,64 42.9 3.91 - 3.84 48.8 4,47
80 0.72 20.5 1.98 - 0.47 22.6 2.14
85 2.03 5,9 0.70 1.47 546 0.63

Source United Nations {Manual X) Indirect Technigues
for Demographic Estimations. Population
Studies, NO. Bl, ST/ESA/SER.A/8l. Pg. 134.
1957 and 1%67 is considered to be 2.7%. Generally, for a

country that has two censuses,

can be estimated using the exponential rate of growth, ie.,

r=in{NZ/N1)/n

the intercensal rate of growth

where N1 and N2 are the +fotal female populations in the
recent censuses.

previous and most
interval in years.

Step 2:

n is

the intercensal

The number of people at exact age X are estimated

using equations (1%},

{(20) and (2]},

Using eguation {13},

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
lowar boundary of the open interval is estimated. For Tanzania
1967, the lower boundary of the open age interval, A, was 75
Years.
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Z{75) = a{75) + bB{75).x + C{78}).B2P {(D{45+)/D{10+)
For NMorth Model, Using Table 3.8,

a{75) = -1.91; b{75) = 47.1 and C{75) = 3.98
Since from Table 3,9, column P, B(45+) = 1313 + 1597 + ..e.at
1704 + 5979 = 14624 and D{10+) = 4610 + 3928 + 3499+...+1704 +
5979 = 35476,

Z(75) = 1.91+47.1(0.027) + 3.98.EXP (14624/35476)
= 5,37218

Using eguation (20), the estimated number of people at age 75
years equals,

H*{75) = D(75+) EBXP [r.2{75)]
For D{75+} = 5979 and r = 0.027
N'{75) = 5979 EBXP (0.027X5.37218) = 6912.3

Vaiues of N'(70), R'(63), R'(60), «v.vesy N'(5) can be estimated
Successively using the recursive eguation (21).
For example, for a = 70,

N'{70) = N*(75)} Exp (5 x 0.027) + D(70, 74).Bxp (2.5 x 0.027)
= 8912.3 x 1.1445%4 + D{70,74) x 1.06983

Since D{(70,74) = 1?&4?
N'(70) = 6912.3 x 1.14454 + 1704 x 1.06983 » 9734.4

for a = 65,
NT{65) = H'{70} % 1.14454 + D {65,69) x 1.06983
= 89734.4 x 1.14454 + 1044 2 1.06983

Similar application of equation (21) to dJdeaths in each age
group in column 3§ gives Lhe estimated female population at
exact ages X and the results are entered in column 4.

Step 3:

Female population for five year age groups are estimated
using equation (16)

For instance, for age group 5-9,
H'(5,9) = 2.5 {(R'(5) + H'(10})}) = 2.5 (134059.4 + 107053.4) =
602782,

Repeated similar application of the formula will give results
ghown in column 5.

From 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'(0,4) is avoided because N'(0) depends on infant and child
deaths which are usually subjected to & completeness of
reporting/registration quite different from that of deaths at
older ages. 1In the case of the opeh 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

ER—

Reported Pemale Estimated Estimated Cumulated Population Ratio of Estimated Estimated
Age Popula~ Deaths  Population Poulation Reported Estimated N'(x,xt4) N'(x-75] Popula-  Popula~
Group tion D{x,x+4] at age &« Nix,x+r4) N(x~75) tion tion
X—-%+4 N{x,x+4) N'{x) Ni{x,x+4) N{x,74) N*'(x,74) for Nix,x+4)
r = 027 Col.5 / Col.? / = .03 for ¢ol.ll/
Col.2 = Col. &6 = r=0,03 Col.2
1 2 3 4 5 & 7 8 9 i 11 12
0-4 1082729 78481 237397.2 264709.8
5-9 23776) 10780 134059.4 602782 4851168 3215180 0.643 0.663 155027.¢6 636150 0.742
10-14 599354 4610 107053.4 450697 3313405 26123358 0.847 0,668 123432.4 563487 0.973
15-19 558899 3928 89225.2 480778 3334051 2121701 0.731 0.636 101962.3 465195 0.832
20-24 528402 3499 74285.9 339800 2775152 1712923 3.643 0.617 84115.¢6 383171 G.725
25-29 556866 3067 61634.1 281545 2246750 1373123 6.505 0.611 §9152.8 314570 0.565
30-34 387987 2127 50983.9 233853 1689784 1091578 0.603 0.646 56675.0 258706 0.667
35-39 326671 1568 42557.3 195687 1301797 857725 6.599 0.659% 46807.3 214100 0,653
4044 226752 2053 35717.3 162513 975126 662038 0.717 0.67% 3gg3z2.7 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 1032143 521529 366064 0.619 0.702 25914.5 116826 0.663
55-59 100492 lo0l 19560.7 8928% 345301 256921 0.889 0.744 20819.8 94527 0.941
60-64 111865 1986 16154.8 T1033 244809 167632 0.635 0.685 16981.1 74432 0.665
6469 72181 1044 12258.3 54982 132944 96599 0,762 0.727 12781.8 57036 0.790
70-74 60753 1704 9734.4 41617 60753 41617 0.685 0,685 16032.9 42719 4,703
75+ 173361 5979 §912.3 7654.4

P & T 2 s
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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 (0o the
reported population for five-year age groups,
R'{x,x+4)}/N(x,x+4}, are shown in column 8, while column 8§ shows

the ratios of the estimated to the reported for age groups ¥ to
74, ie., N'{x,74)/N(x,74}.

For example, for x = 5

N{5,9) = 937761 and 8'{5,9) = 602782
e C = §02782/937761 = 0.642

N{(5,74) = 4851166 and N'(5,74) = 3215180
e © = 3215180/4851166 = 0.663

Therefore, by diving column % by column 2 and column 7 by
column 6 the estimates of the degree of death reporting are
made and results entered in columns 8 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 % gives a mean of 0.630 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.

71l Inflating, the reported female deaths by say 32% will
lead to a female crude birth rate of 57,5 per 1000 which
appears to be on the higher side for Tanzania 1%67. Apart from
age and other content and coverage errors of the population,
the technigue is sensitive to the rate of growth assumed.

72. To observe the effect of errors in estimating the rate of
growth, the estimation of th¢ 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 respectiveely. The c¢omputations are
gimilar as in steps 2 and 3 described earlier. <Column 12
refers to the ratio of the estimated to the reported, ie.,
column 1t divided by column 2.

73. From column 12, the median of the first nine estimated
degyrees of completeness is 0.742., This implies that only 743
of the actual death were reported in the 1967 censug, The

imglied 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

4. Other methods of estimating adult mortality indirectly
are:
1} Intercensal survival ratios if there are more than one
census
2} Orphanhood method, and
3) Belecting the same level in a model life table system
as that of c¢hildhood mortality.

75. The third option is more of an assumption rather than an
estimation technique. The first and second options will bhe
digcussed 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 HNations,
1987}, the Arriaga(l968})}, Ccoale~Hoover{l1958) and Stolnitz{1955)
methods are those that assume stability. Among those that
relag the stability assumption are the Preston-Bennette method
{Preston and Bennett,1%83), the Coale-Demeny projection and
cumulation method {United Nations,1967} and the
Carrier-Hoberaft methods {(Carrier and Hobcraft,1971}).

76. In the second group are included the survival of parents
{orphaniood) as well as the survival status of first spouses
{widowhood). Here the orphanhood method as developed by Brass
and Hill will be discussed.

Methods Based on Stability of Age Distribution

77, In a closed population where age-specific fertility and
mortality rates have remained constant for an extended periog,
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 ade 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 ali ages.
Such a population is called a stable population.

Mathematically, a stable population is represented by:
C{x) = b e"F¥1{x) (22)
where C{x) is the proportion at exact age x; b is the birth
rate and 1l{x} is the survivors from birth to age x, from a
radix of i{eo} = 1.0
From the above equation, it follows that

e~IX]1(x} {23}

and substituting this value of b in (18) gives




C(R) = —wmmmmcmaoe (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, 1l{x}, and the proportion of the population at age x.
Given any two of these unknowns, the third parameter c¢an 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 birth.

Coale and Pemeny Method

78. Censuses provide gex-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
previcus census which gives at least the total population, an
egtimate of r c¢an be made using either the geometric or
exponential growth Jlaw for the intercensal period. In
gituations where net migration, territorial changes and/or
under or over enumeration are suspected, the data will have to
be adjusted before Lhe calculations are made.

79, The application of the Coale~Demeny methed involves the
matching of a proportion ©f the population in an age group in
one of the Model Stable populations that are generated for the
four families of Coale and DIemeny tables for each 1level of
mortality and for rates of growth ranging from -1.0% to 5.0% in
gteps of 0.5%.

80. Two problems arise in the application of the technique.
The first one is the chojce of the pattern of mortality and the
other is the gquality of age reporting. In the case of the
former, the suggested solution will be to select population
parameters that are invariant with the pattern of mortality.
Such indices are the expectation of life at age 5 or age 10
(United Nations, 1967}.

81. Infact the proportion under 15 for both sexey and the
rate of growth are expected to give an estimate of expectation
of life at age ten which is robust to the choice of mortality
pattern {(Hill, 1984). The second problem which relates to the
gquality of data can be minimized by considering grouped data
under specified ages rather than the age-specific proportions.
When considering the proportion under specified ages, net
movement of people across that age will only distort the
astimate. For instance, a sgystematic shifting 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 revergsed if there is a systematic
exaggeration.



- 132 -

B2, A third problem is the assumption of stability. In
Africa, it is difficult to assume that mortality has remained

constant for a long time, Infact there is ample evidence to
show that in the 1960's mortality was on the decline.
Fortunately, with gradual declines in mortality, the
Coale-Demeny technigue can be used to estimate the vital
parameters of a country from age distribution. The current
levels will be reflected on the age distribution. A population

which has exgperienced a recent gradual change in mortality is
called a quasi-atable population.

Egtimation of Mortality From Age Distribution and Rate of Growth

83. The example that is given for illustrating the
applications of stable or guasi-stable theory to estimate
mortality in Africa is that of EKenya 1979. The process
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 tou x+4 will be:

w

C{x,x+4) = N{x,x+4}/L N{x,x+4} where w is the last age
X=0

However, if the classification includes age not stated group,
the proportion should be calculated after the non-stated group
are subtracted from the total for that sex. In Kenya 1979
Census, out of 7,719,948 females, there were 13833 whose ages
were not gtated. 1,421,385 females were also reported at age
0-4. The proportion in age group 0-4 is therefore calculated as

C(D,4) = 1421385/(7719948 ~ 13833}

= J.1844
Similar computations were made up to age group 40-45 and the
figures cumulated from age U to ages 5,18,15, ..., 45. For
age 15,

C(15~-) = C(0,4)+C(5,9)4C(10,14} = 0.1844+0.1615+0.1329
= 0.4788.

These cumulated proportions are expressed in percentages and
the results entered in column ¥ of Table 3.9,

84, The next step is to calculate the rate of growth of the
population. The eiponential growth law was applied to the
female populations in 1969 and 1979, The total female

ulations for the two censuses were 5,460,324 for 1969 and

O
??59948 for 1979. The computed intercensal growth rate was
3.46,




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
% ci{x~} 1z 13 14 15 16 18 19 r = 0.0346
1 2 3 4 5 6 7 8 3 i0
5 18.44 18.50 18.24 18.23
10 34.59 34.85 34.41 15.59
i35 47,88 48.10 47.57 14.42
t
20 59,40 59,76 59.19 12.83 o
(L)
25 68,30 68.40 67.86 12,18 !
30 75.32 75.45 74.93 12.2%
35 BU.66 80.68 80.21 13,04
40 84.88 84.92 84.50 14.10

45 88.43 88.72 88.37 14.83
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85. With r = 3.46% and C(5-) = 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 Ncorth 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 52.75 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 —=~-=-~ - (1 + SRB},
Total Pop.

where CBR = Crude Birth Rate and SRB = Sex Ratio Birth

hence CBR = 48.739 x 7719948 x 2.03 = 49.83 per thousand.
15327061

87. 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,x+t4) = b e [{(X+2.5)1(x,x+4) (25)
C(xX,x+4)

o) A T ya— = b_e-r(X'l‘ZoS) (26)
L(X,x+4

Taking natural logarithms on both sides and re-arranging the
terms,
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C(x,x44}
in { e=emewm——) = {ln b - 2.5z} -« rx (27}
Lix,x+4)

Bguation {27} is a straight line with slope equal to the
negative of the rate of growth and (lnb-2.5r) 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 intercensal
rate of growth which will help to examine the quality of data,
In such a case, the method appears to bhe more a technigque 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 errors at older
and young ages by eliminating them from the range of fitting,
the guality of data can have a major impact on the estimated
level of mortality. An application of the technigue to the
1979 female age distribution of Kenya is given in Table 3.11

For Kenya, the proportions axe given in columan 2 . From
experience on the mortality situation of the country under
study & level of mortality is selected and its stationary
populaticn expressed per unit radix and is given in column 3.

The 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{10,14)/L(10,14)] = ~3.3450.

A curve of the form ¥ = A+Bx is then fitted for age ranges 0-64
with a transformed x value, The formula for transformation is
X = (32.5-2)}/5 where X is the mid point of an age group and
32.% is the mid-point of the central five years age group of
the range of fitting, ie 0-64,

Bquation {27) after substituting 32.5-5% for x gives

C{x,x+4)
In {mm—————— } = 1nb - 2.5¢ - r(32.5~5%)
L{x,x+4)
= 1inb - 35.0r + 5rX



Table 3.11

An Illustration of Arriaga method to Kenya Pemales 1979

Age Proportion L({Xx,x+4) C{x,x+4} Transformed Ci{x,n+4}) Lix,x+4) Cl{x,x+4) Clx,z+4)
Group at age for 1n{ ) X Xlnf for level 1n( } Xin{ )
X-x+4 X~xX+4 level 12 L{x,x+} Lix, x+4) 13 L{x,x+4} Lix,x+4)

X= 32,5~%
5
1 2 3 4 3 8 7 8 9

0-4 0.1845 4.24534 -~3.13593 +6 ~18,9261 4,.32429 -3.15435 ~1B. 8156

5=-3 D.1615 3.89719 -3.18351 +5 ~16.9681 4,01632 -3.21302 ~15,9175
10~-14 0.1329 3.76916 ~3.34501 +4 ~13.5174 3.90085 =-3.37935 ~13,3800
15-19 0.1152 3.67933 ~3,46382 +3 -10.501% 3.81734 =-3.50064 ~10.3915
20-24 0.0890 3.58077 -3,69470 +2 ~ 7.4679 3.72412 -3.7339% - 7.3894
25-29 0.0702 3.46922 -3.%0034 +1 - 3.9423 3.61793 -3.94231 - 3.9003
30-34 0.0536 3,34427 -4.13345 0 0.0 3.49904 ~4,17869 0.0
35-39 0.0422 3.20588 -4,33032 ~1 4.33032 3,3672% ~4,37944 4.3794
40~44 0.0355 3.0561% -4, 45539 -2 §.91078 3,.22340 ~4.508686 9,0173
45-49 0.0288 2.89435 -4,61152 ~3 1%.83456 3.06980 -4.66899 l4.0071
50-54 U,0248 2,72208 -4.69831 -4 18.79324 2.69620 -4.76031 19,0412
55=59 0.0175 2. 50720 -4.96472 -5 24.8236 2.68298 -5.03248 25.1624
6064 g.0142 2.23134 -5.05712 -6 30,3427 2.40678 -5.,13281 30,7969

- 9ET ~
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Cix,x+4)
In {~—w=wewww )} = 1pnb - 35r+5rX
Lix,x+4)

which ig a linear curve of the form
Cix,x+4)
Y = A+B% where A = lnb-35r, B=3br, and ¥ = In{~——=~——)
Lix,x+4)

For Kenya, the solution for 13 age groups with 312.5 as center
gives

g ¥X VRS
B = we=—w and A B sma
3 x? n

For level 12, $ X2 = 182, T ¥YX = 31.24083
B = 31.24083/182 = 0.1711653 and r = B/5 = 0.171653/5 = 0.0343.

Since, the implied rate of growth of 0.,8343 is lower than the
observed rate of growth of 0.0346, it loocks that level 12 is on
the lowezrside. 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)

it 12edo

The choice of 0-64 for fitting isg 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 lower than level 12 on the Coale-Demeny set. It
is obvious from the discussion above that the technigue is
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.

ag, Two other methods using the basic stable eguation in
grder to provide formulae for estimating the mortality level of
a country are those of Coale-Hoover (1958) and the variant of
Stolnitz methods (Ramachandran, 1977).

Coale~Hoover Method

91. In the Coale-Hoover method, the stable equation is
written as:
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Lix,x+4) = 1. C(x,x+4). efi¥t3.5) (28)
b

Since 1 is a constant, it can also be written as
b
Lix,x+4) o C(x,x+4), ef(X+2.5) (29)

For x »5, the proportional values of L{x,x+4} are computed by
equation (29) upto the last closed age group. For the open
ended age group, the same equation cannot be used because the
mid~point of the age group is unknown. Experience from model
relationships can be adopted. In this study, since the open
ended age group considered is 65+, an average age of 71.5 vears
appears to give a reasonably good approximation of the mid
point for the range of levels of mortality of Afcican
countries. 8o, once T{65) ie., L(65+) is calculated, T{(10) can
be estimated as a sum of the estimated L{x,x+4) values for x =
18, 15, +ee, 60 and T{(65), 1(10) is esatimated as an average of
L{5,9) and L(10,14}, ie. 1{10) = (L{5,9) + L(10,14}}/10. The
expectation of life at age ten, e(i10) is thua given hy:

{10},
e(10} = —==- (30)
i(10;
where:
60
T{10) = % C(x,x+4) EXP[r{x+2.5)] + C(65+) BXP(72.5r) (31)
x=10
1010y = {L{5,9)+L(10,14)/10
= [C(5,9) BRXP{7.5r) + C{16,14)BXP(12.5r)1/10 (32)

Since T(10) amd 1{10) contain pXP(2.5r} as common factor

60
[C{%,x+4)BXP(rx) ] + CI63+)EXP(70r)}
T{10) 10. x=10
e{10) = - (33)
1(10) [C(5,9)exp(5r) + C(10,14EXP 5r)<}

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) should be raised to estimate the
gstationary populations needed for estimating T(10}, and (0} in
Coale~-Hoover and Stolnitz methods respectively. The constant
[exp{5r}]¥Y 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:

P16} = L{10,14) + L(15,1%8) + «»=» 4+ L{60,64) + L{65+)
= 2,00689

1(10) = [L{(5,9)+L{10,14)]1/10 = (0.192+0.18784}/10 = 0.03797

N



Table 3,12  An Iljustrative Example of Coale-Hooveér and Stolnitz Methods
to Kenya Pemales 1979

COALE HOQVER STOLNITZ

Age Kenya v L Clx,x+4) L
Group Female v [ﬁxpESrg 5 x 5% =
X-X+4 1979 Col.2KCol.4 C{0,4) Col.4xCol.6

r={(,0346

! 2 3 4 5 6 7

0~4 0.1845 1] 1.00000 0.18450 1.00 1.0000

5-9 0.1615 1 1.18887 0.19200 0.,87534 1.0D4066
10~14 0.1329 2 1.41349 U.18784 0.72033 1.01811
15-19 0.1152 3 1,68035 0,19358 0.62439 1.04919
20-24 8.0890 4 1.99771 0.17780 0.48238 0.96366
2529 0.0702 5 2.3750]1 0.16673 0.38049 0.903166
3034 0.0536 G 2.82356 0.15134 0.29051 0.82029
35-39 0.0422 7 3.35684 0.141686 0.22873 0.76780
40~44 0.03585 8 3.99083 0.14167 0.19241 0.76788
45-49 0.0288 9 4.74457 0.13664 8.15610 0. 74062
50-~54 0.0248 1o 5.64065 0.13989 0.13442 0.75820
55=~59 0.0175 11 6. 70598 0.11735 0.09485 0.63607
6d~64 0.0142 12 1.97251 0.11321% 0.07696 0.61360

65+ 0,0301 14 11.26837 1.33918 0.16314 1.83836

T 12.91810

T10 2.00689
For Stolnitz -~ T{(0) = 12.9181 L{(0G,4).

T(0}/L(0,4) = 12.9181

S R SRR R

- 8LT =
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Estimated expectation of life at age ten by Coale-Hoover methoa
e(l0) = 2.00689/0,03798 = 52.835

From the models the level of mortality with expectation of life
at age ten egual 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(1i0) 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 mortality
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 technigue. 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,.4.. €tcC,

Stolnitz Method

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(0D,4),
and T(0) through the Lotka's equation.

Let L{(0,4) = K {34)

From equation (24)

L(5,9) Cc(5,9) 7.5r b C(5,9) 5r
________ 2 eme———a, . = mwmm———_a {35)
L{0,4) b C(0,4)e2.3¢ c(0,4)
From equation (30) and (31)
C(5,9) 5r
L(5,9) = ~——=——= e .K (36)
Cc(G,4)
L(10,14} C(10,14) 12.5r b c(1i0,14) 5r
-------- = ———mmm—ma L, Q . ik it B mmemmemee .8

L(5,9) b c(5,9)el+3r c(5,9)
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L(10,14) = C(10,14) 5r {37)

From equations (32} and (33)

C{1l0,14) 5r C{5,9} 5r
————— ey o mEmTOm s + & K

e B{10, 14} = C(5,9) c{o,4)

c{10;14) 5z 2
mmmememe (e ) . K

= ¢{0,4) {38}
Similarly, for any ade X, g £ x5 60
C{x,x+4) v
Li{x,x44) = —mww—weaw .{exp Sr)K where v = x/5 {39)
C(0,4)
a0 60 v
T{0)= z Lix,x+4)=F M@xy{s:ﬂ .
C{65+) 14
PR fExe(5c] .k (40)
C(0,4)
T{0) T{O) &0 Clx,x+4) C{a5+) 4
wmm— D s @ :E: ———————— i;Exgisgi + ——n--—[ﬁxpiﬁ;i t4l1)
K L(0,4) x=0 C{0,4;} C{0,4)

Here an assumption is made that A = 6% and that, the mid point for
those who ate 65 years and over is 72.5 years as assumed with the
Coale-Hoover method.

94. The life table that has T(0}/L{0,4) equal to the right hand
gide 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 &0 Kenyan Female 127%, is
given in Table 3.12., <¢olumns 6 and 7 are the ratios Clx,x+4)}/C{(0,4)
and [C{x,x+4)/C(0,4) 1 Exp 5r)V respectively.

96. The summation of all figures under column 7 gives T(0). Hence
for Kenva 1979 females where the rate of growth (r} is assumed to be
0.0346, the estimated T(0)/L(0,4) = 12.91B1,

97. 4 search for a level of mortality with a ratio of 7T(0) to
L{(0,4) of 12.918]1 will have to be made in one of the one-parameter
model life table systems of Coale and Demeny(1%66) to estimate the
mortality level by this method. For Kenya, a ratio of T(0) to
L{0,4) of 12.918Bl is bracketed by levels 12 and 13 in the Horth
family of Coale and Demeny. Interpolating for a T{(0}/L{0,4) 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 problems of approximation at the open-ended age
group which can not be discarded as in the Coale and Demeny or
Arriaga methods. Because of the heavyy weight of the
exponential growth term, the estimated rates will be correct to
the nearest unit. The four technigques are however sengitive to
the selected pattern. Among the four, the Coale-Hoover iz the
least robust wmethod while the Stolnitz appears to be less
sengitive to changes in the patterns of mortality. The
sensitivity of the Coale-Hcover method lies in that models
having similar patterns of adult mortality can be subject to
varying levels of infant and child mortality.

Methods Based on Age Distribution from Two Successive
Censuges

99, Lack of adeguate data on vital statistics for estimating
mortality has already been noted. In this section indirect
techniques bpased on two age diatributions c¢ollected from two
successive censuses will be discussed. The techniques that
will be discussed are i) the Carrier-Hoberaft Method, {(ii) the
Coale-Demeny Projection and Cumulation Method and {iii} the
Preston-Bennett Methods, Other methods 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
ii} 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 mortalitcy.
Based on tLhese '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

L{x+10,x+14) N2{x+10,x+14)
. e i 2 g 8. A P [TV —— . { 4 2)
L{x,x+4) Rl{x,x+4)

where L{z,W) is a stationery population in a life table age =z
to W years and N1{(z,W} and Ni{z,W)} are respectively populations
in a first and second censuses in age groups 2z to W.
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Let S{i) = N2(x+10,x+14)/Ni{x,x+4)} (43}
where S(i) is the ten years survival ratioc for those aged x to
¥+4 years in the first census. From equations (42) and (43),
it can be seen that

L{x+1l0,x+14) = S{i}.L(x,x+4) {44)
using equations {44),
L(10,14) = S(1).5L{0,4)
L{15,19) = 5{2).L{5,9)
L{20,24) = S{3).L{10,14) = S{3}.8{1).L{0,4}
L{ZS,ZS} = 8{410L(15119} = 8(4)‘3(23¢L(5,9)
atoe.

Similarly for any age u, 5€u£A-5, where A is the
beginning age of the open age interval, L{u,u+d4) can be
expressed as a product of the alternating ten years
survivorship ratios depending on whether u iz an odd or even
multiple of five. Thus, L{u,u+4} can be represented as

Liu,u44) = S5(1).8(3).8(5). .ea, 8{2n+1).L{0,4) (45)
for u an even multiple of 5

L{u,u+d) = 8(2).8(4).8(6). ..., S{2n}.L{(5,9} (46)
for u an odd multiple of 5

Por an open ended interval, the total number of person years
lived, T(A} , can be expressed as a Function of L{A-~10,A~6) and
L{A~5,A=1) which will be estimated by equations {45) and (46).

Let T(A)/T{A~10) = 2
T{A} = 2.T(A-10} = Z{L{A-~10,A~6)+L(A-5,A=~1)+T{a))} , ie.,
T(A)-2(T{A))} = Z{L{A-10,A-6) + L{A~-5,A-1)) and hence
T{A}) = (2/1-2} (L{A~10, A-6} + L{A-5, A-1l))

The total person-years lived {(or total number of persons in
a stationary population) will be given as

T{0) = L{0,4}+L{5,9)+. ¢ +L(A~10,5-6)4+L{A-5,A~1)+T{A) {47)

Substituting the equivalents of the person years lived in
equation {47} and re-arranging the terms gives

T{O) = L{0,43[1+S(1)+8(1}8(3)+..+8{1).5(3) 8(5}..8{2n+1)
+(2f{1”2}c3§1105(3}¢8{5) s na S(Zn@l}}+
+ L(5,9)}[1+8(2)+8(2).5{4)+ .. + 8{2).8(4) 8(6) .. 8(2n)
+{3/{1-2}).5(2).8{4).8(6) ... 8{2n}]} (48}

Let C and D be the constants in parenthesis which form the
cosfficients of L(0D,4) and L{5,9) respectively.
i.e. T(8) = C.L{0,4) + D.1L(5,9)
where
C= 1+ 8{1i+5(1).8(3}4euccevst B(1).8(3).8(5) ..85(2n+l) +
{2f1~2)-5(1)-3(3)‘.¢¢8(2n+1}
and
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P = 1 + 5(2) + 8(218(4) + 8S(2)s(4)s{6) +..+ 5(2)8(4)5(6)..

S{2n}+ (2/1-2) S(2}.8{4)svcsvere8{2n)

for 1(0) = 1 the expectation of life at age zerg is given by
T(0}/1(0} = {0} = C.L{0,4)+D.L{5,9]}.

103. The procedure therefore reduces to locating a life table
that satisfies this equation. In other words locaking a life
table whose expectation of life at birth is equal to the sum of
the products of its stationary populations at ages 0-4 and 5-9
and the constants C and D respectively. 7This can easily be
located by trial and error once the pattern of mortality is
known.

104, The technique is 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
enumerationa. ¢Greater completeness irn the second census will
give an impression of lighter mortality than the actual
prevailing level in the intercenzsal pericd. In most cases, the
most recent census will be an improvement over its predecessor
though deterioration in gquality are also likely in some cases.

105, Another problem with the technigue is the age of
truncation. Bxperience with African data indicate that
truncation below age 45 years gives unrealistic mortality
estimates. Beyond age 45, implied levels alternate depending
on whether the open ended age started with digit five or digit
Zero perhaps in response to the net pattern of age heaping.
The other problem with the technique is its dependence on model
life tables. But if L{0,4) and L(5,9) can be estimated from
data on surviving children and children ever-born, its
dependence on models could be reduced.

An Illustrative Example of the Carrier-Hobcraft Method to Renya
1963-1979 Data

Step 1: Calculate the intercensal Cohort Survival zatios from
the 1969 and 1979 population distributions. If Nli(x,x+4) and
N2{x,x+4}) are the 1969 and 13979 populations by age and sex,
regpectively a set of S{i) values can be calculated using
eguation (43). For example,

N2(10,14) = 1025678 and Ni{0,4} = 10446380.

Therefore S(1) = 1025678/1046380 = 00,9802,

The 10 year survival ratios computed using equation (43) are
given in column 4 Table 3.13. Note that the last survival ratio
ig for the open age group 45+

Step 2: Divide the survival ratios into two groups, ie, those
with ages satarting in digits 0 and 5 respectively. Then with
L{0,4) and L{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. FPor instance the fourth value in
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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/(1-2)) 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 Multipliers for:*
Group Survival L(O,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 1.86243) 1,49023)

* The values are obtained by using equation 44.
a)\The value is obtained by multiplying the value above by (2/1-2)

Z = 0.6971, 2/1-2 = 2.3014.

C = 140.9802+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(0) = 7.4528 L(0,4) + 5.8772 L(5,9)

for 1l(o)

H
[
-

e(0)

]
H
o~
[=]
~—

= 7.4528 L(0,4) + 5.8772 L(5,9) (49)
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1 N B U 7T OUTPUT Difference
e{U} L(O,4) L(5,9) e(0)
1 2 3 5 5=C0l1,1~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 6l.243 2+257

Expectation of life at birth = 60.44

g = F -]

A life table that satisfies eqguation (49) has expectation of
iife at birth of 60.44 years in the North family of the
Coale-Demeny model life table.

The Coale~Demany Proiections and Cumulation Method

106. The Coale and Demeny method makes the same assumptions
as the Carrier and Hoboraft method. The difference is in the
extent to which assumption three is utilized to arrive at the
level of mortality. In theory, Carrier and Hobcraft method can
do without it. 1In the case of Coale and Demeny method, it is
impossible to apply the technique where a one parameter systenm
of model life table is not avialble.

107. The application of the Coale and Demeny method starts by
first selecting one of the many "families™ 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
migstatement 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 w
S ONL(X,x+4).S({x,x+d) = 3 N2(x,x+4) (50)
A=y X=10+y

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; S(i) is a ten
year survival ratio from age {x,x+4) to (x+10,x+14} as defined
earlier. 1In other words a level of mortality is selected so
that the survived population aged y and above in the first
census matches the observed populations aged y+10 and above in
the second census. For each age y in the £irst c¢ensus, an
S{y,y+4) can be found corresponding to a level of mortality
that will satisfy eguation (50). 1In the absence of errors in
the data or same pattern of errore in both censuses, the sat of
inplied levels by each age y are supposed to converge to the
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same level, but im 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 comparing the
survived population of the second census aged x+10 years and
over with the population aged x years amnd over in the first
censes i.e. If S(x,x+4) is the ten year survival ratio from
age %,%+4 to x+10,x+14 in an intercensal periosd,

w w
7 Hi(x,x+4) = ¥ N2(x+10,x+14}/8(x,x+4)
X=y 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
are 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 technigue is its
process of cumulation which drastically reduces the effect of .
age misstatement except for substantial transfers across the
initial age used in the cumulation.

Illustration of Coale-Demeny Projection and Cumulation Method

Step 1l: 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. Por example, ten year survival ratjo for 0-4 can be
calculated as:

L{10,14) L{5,9) L{10,14)
o e e H o wmm—— e m ${]1).8(2).
Lig,4) L{0,4) L{5,8%)

Similarly, tem year survival ratios can be estimated for
each of these levels and the first census projected forward by
these surviva)l ratios for each level.
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Step 3: The projected populations are cumulated from the
oldest to the younger age groups such that for each level,
HP(10+), HKP{15+}, NP(20+}); «..., NP(45+)} are compubed, NP
atands for projected population.

Step 4: The teported population in the second census is also
cumulated in the same pattern as in step 3. For each age 10
years and over, the proiected cumulated population is bracketed
by twa numbers for two levels. By interpolation, the
level/corresponding to the cumiulated population can be
determined. Repeat the process for age ranges 104, 15+, 20+,
254, wessy 45+ and select the median. Por BEenya the
illuscration is given in ‘Table 3.14.

148, The problems associated with this technique are of twe
kinds., First, it is Q4difficult 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 periocd 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 c¢an be handled very easily.

110. The other problem ig its dependence on reference
tables, In situations where egxisting tables d4d¢ not resemble
the adult mortality pattern of the population under
investigation the technique can not be used. PFortunately, with
the addition of the New United Nations {1983) and the OECD
model life table systems (Clairin, et al, 1880} to the
Coale~Demeny systems, the lack of the £lexibility of the
technigque is reduced.

111. Ag with the Carrier and Hobcratt 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 Ffor any
population,

X
¢{x) = b.EXP[- j r(a)da].1{x} {51}
[+]

where C{x) iz the proportion at age x; b is the intrinsic birth
rate, r{x)} the growth rate at age x and p{(x) is the survivors
to exact age X. This general eguation can be used to estimate
mortaliy levels p{x}, of any country with two censuses. One
big advantage of the technique is that it can be applied to any
intercengal duration unlike the previous techniques which can
only be used for multiples of five year intervals. A second




Table 3.14

An Iliustration of the Coale-Demeny Forward Projection and Cumulation
Method Kenya 1969 and 1979

Age

1969

1979 PROJECTED AND CUMULATED POPULATION BY VARIQUS Mortality
Group Female Cumulated LEVELS OF MORTALITY FROM NORTH FAMILY Levels
Population  Population
140 12 14 16 ig

0-4 1046380

5~8 893359

10~14 663808 5045027 4758927 4860549 4950945 5034614 5110722 16.19
15~19 544847 4023350 3859239 3531541 3992691 4051195 4106490 16,19
20-24 450096 3134034 3027745 3088121 3137961 3186433 3233133 14.52
25~29 411245 2446800 2404330 2451490 2500951 2543343 2584612 j2.92
30~34 299241 1904567 1897012 1943754 1981712  201871% 2055064 10.89
35-39 264819 14931135 1482735 1523387 1556142 1588081 1619763 ig.16
40-44 201936 1165184 1109172 1143355  1170%92 1197209 1223977 10.21
45-44 163852 890991 840935 869891 892720 915094 9379403 12.80
50~54 13%072 668628 606364 630476 64933 667867 687011 12.92
55~59 102235 477263 430353 450616 466407 481971 687011 16,04
60-64 94508 342488 292157 308876 321881 334768 348334
65-69 63307 232773 181922 194876 204941 215024 4257510

TO+ 12169 1494403 184915 118528 125892 141435

133380

- %1 -
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advantage of the technigue is that it does not require the use
of model life tables and like the others it avoids the
assumption of stability. However, the population is assumed to
be closed to migration or adjustment will have to be made
before its application if the relevant data are available.

FProm the above eguation,

x
p(x) = (N(x)/N(0))). EXP( [ r(a) da)
o
W W X
icee  el0) = [ plx)dx = [ (N(x)/N(0). ExP({ r(alda)dx (52)
o g o

The above egquation requires an estimate of H((), the number of
births in the intercensal period, in order to estimate the
expectation of life at birth. BSince the data will not usually
be available, another age u ¢an be chosen such that

w W X
efu) = | p(xjax = [ (8(x)/N(0}.EXP{ [ r{a)da)ax
u u 4
Por discrete data,
W i-5
L N((i,i+4) EXP[5 F rix,x+4)+2.5(r(i,i+4))]
e{u) = i=u =u (53)

iN{u~-5, u-1} + W{u,u+4)}/10
1i2. The application of the technigue to Kenyan female age
distribution given in 1989 and 1979 is given in Table 3.16,.
The steps to be followed are given below:

Illustration of Preston~Bennett Method

Step l: The intercemsal growth rates for age group x to x+4,
r{%,x+4}, are calculated using the exponential growth law ie.,

L{x,x+4} = [1n (N2(x,%x+4)/HLl(X,x+4)]/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 ln
stands for natural logarithm. In Table 3.16, Nlix,x+4) and
N2{x,x+4) are given in columns 2 and 3,

For example,
£{5,9) = Inl{1246983/893359)1/10=[1n(1.39584)1/10=0,33350/10
= §,03335%

The results of applying the exponential growth law formula are
gshown in column 4.
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Step 2: The mid-period population for which the estimated level
of mortality refers is given by:

N{g,x+4) = 0.5[N2(x%,x+t4)+N1(x,x+4}] {55}
where N1{x,x+4) and N2(x,x+4) are as defined in step 1l.

For ¥ = 10,
N{10,14} = 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 nmid-point of each successive higher age group using
the egquation

x-5
R{x+2.5} =3 r{i,i+d4) + 2.5 ¢ (x,%x+4) {56)
i=5

for x=5,
R{(7.5} = 2,5 x 0,03335 = (0.0834

for x = 10,
R{12.5)

it

5 X r(5,9) + 2.5r (10,14)
5 % 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
=5{r(5,9) + r(10,14) +ri15,19) +r(20,24)14+2.5r(25,29)
=5{0.03335+0.04351+0G,04899+0,04232)+42.95 X0.02765
= 00,9000

Similarly, the cumulated intercensal rates of growth are
computed and entered in column 6.

For the last open ended age interwval,
A=5 ‘
R(A) = @(A) + 53 r{i,i+4) (57)
i=5

where P(w) is calculated by using coefficients given in Table
3.15, The equation used to estimate €(w) is:

Q(A) = al(A)+b(A).r(10+) + c{A) 1n(N{45+)/R{10+)} (58}



- 1%2 -

Table 3.15: Coefficients for Estimation of the Equivalent
Growth Rate over Age A, ‘P(A), From the Growth Rate
over Age 10 and the Ratio of the Population Over
Age 45 to the Population Over Age 10

Age

A ald) b{A} c{A})
15 0.229 20.43 4,258
50 0,205 18.28 0,235
55 0.179 16.02 0.207
60 0,150 13.66 0.176
65 0,119 11.22 0.141
74Q 0.086 8.77 0.102
75 0.053 4.40 0,063
80 0.025 4.30 0.006
85 4,806 2.68 0,006

Source: United Nations. {Manual X} 1Indirect Technigues for
Demographic Bstimation. Population Studies of the
United Nations No, Bl. 87/ESA/SER.A/81. P. 219.

where a(a}, b{A} and c{a} are given in 'Table 3.15% for A = 45,
%8,..,80, and 85. r{i0+) is the intercensal rate of growth of
those 10 years and over in the First census. N{iU+} and
K{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+)
=844742+717084++++ +543194+81192 =4284802
N{45+) = N(45,49) + N(50,54) +.~+ +K{70,74) + N(75+)
=183107 + 165218 + -~ + 54319+481192=7877%8

Step 4: The average midw-period population is then converted
into a stationary population using:

L{x,x+4} = N{x,x+4) Exp (R{x)} for five vear age Jgroups

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 H{75%+) = Bl1l92,
equation (58) gives,

R{754+)= 70
al75+}+b{75+). £ (10+}+c{ 754 ) . In(N(45+) /N{10+}+ 5 % r(i,i+4).
X=5

From Table 3.15, a(75) = 0.053, b{75}) = 6.4 and c(75) = .003.
Application of equation (54) te the population 10 years and
over gives an intercensal rate of growth of r{ig+) = 0.03686
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Hence,
70
R(?5+}=0.GS3+{6.430.93606}+0¢663x3n{?87?93{4284832)%5}i eli,i+4)
i=5
70
= 0,17707 + S‘Ei £{i,i+4)
i=5

=0.17707+2.21511 = 2.39218
ws. L{75¢) = T(75) = 81192 xExp (2.39218) = 68018

Column 8 shows the statianary population estimated using
equation (59)

Step 5: The numbers of survisors to exact age x, 1l(x), are
egtimated by the relation:
1(%) = (L{x-5,%~1) + L{Z,x+4)/10 (60)

Por example, for x = 15
L{10,14) = 1112756 (from col. 8}
L{15,18%) = 11904086 ( * . *}

e*e 1{15) = (1112756+1190406}/10 = 230316

The 1(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:

aA-5
T{x) = ¥ L(i,i+4) +T(A) where L(x,x+4) and T(A)
j=x
are as defined in step 4.

Por x = 65,
T{65) = L{65,69) +L{70,74) + m(?&i
= 537414 + 480681 + 888081
= 1886176

The T(x) values for x > ® are given in column 9.

Step 7: The expectation of life at age %, for 10 x< 70 are'
given in column 10 and were computed using the formula

e{x} = T{x)/1{x} = col. 9/col. 7

Note that, the computation should not pecessarily begin with
age 10, it can start from age five or any other higher age.
Age ten is prefered for this exercise; because the 0-4 age
group are considered to sufer from omission ag well as ahifting
of those aged 3 and 4 across age 5.
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Step 8: The implied levels of mortality, expectations of life
at birth and age 5 are alsc given in columns 11, 12 and 13
respectively for <Coale and Demeny (1966) North Model life
tables.

113. From <¢oclumn 11, it <can be seen that the implied
mortality level decreases from & 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 65. The pattern
of implied levels depicted by the Kenyan data is not unique.
Differential completeness and age mistatement error are likely
to create such a pattern. 1t 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 estimated
level of mortality will be {14.68+13.53+11.21)/3 = 13.1. A
level of mortality of 13.1 for Kenyan females for the perjod
1969 to 1979 appears to be on the lower side.

Mortality Estimation Based on Qrphanhood

1l4. The possibility of using data on survival of parents to
estimate female and male adult survivorship was suggested by
Henry (1960). Later Braas and Hill (19%73) developed a
convenient procedure for obtaining estimates of survivorship
from some fixed age from proportions of respondents with
surviving parents. Sinee it is found that data on waternal
orphanhood is more reliable than those on paternal orphanhood,
it is only the former which will be considered here. The main
idea is the following.

115. Consider a group of children a years old at the time of
the survey. The mothers of tiese children must have been alive
a years before the census or survey i.e. at the time of birth
of these children. If assumpticns 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
prebability of those mothers aurviving for a years.

1l6. The mathematical relationship between proportion of
children with surviving mothersg and mortality of parents is:

Therefore 49 l{a+x)
f B{R) emmwmuwe dx
15 i{x)
p{a) = {61)
4
f bix)dx
15

Where b{x) = the density distribution of mothers by age x

1{x)= the survivor Ffunction of a life table from birth to age x

P{a) = the proportion of childrsn of exact age a whose mothers
were alive at the time of the census/survey.




Table 3.16

for Kenya 1969-1979

2

An Iilustration of the Preston and Bennette Method of Estimating Adult Mortality

Enumerated Female  Inter-  Average  Cumu- Statiopary Population Expec- = Corresponding = ==
Population censor  Popula—  lated At exact 1In five gver tation Level Expac~  Expec-
Growth tion Growth age X year age  Age of Life tation tation
Rate Rate group X at Age x of Life of Life
Ni{x,x+4) N2{x,x+4) r{x,x+4) N(x) R{x+2.5) 1(x) Lix,x+4) T{x) e{ x) at Age at Age
Zero Five
2{0} e(5)
1 2 3 4 S 6 7 8 9 10 11 12 13
0-4 1046380 1423936  0.03081 1235158 0©,0000 2.00 8.00 0.00 0.00
5-9 893359 1246983 0.03335 1U70171 0834 1163233 0.00 0.00 0.00 g.co0
10-14 663808 1025677  0.04351 844742 «2756 227598 1112756 12516476 54.99 14.868 54.20 58.37
15~19 544847 BB931l6 0.04800 717081 .5069 230316 1190406  114037.0 49.51 13.53 51.33 56.62
20-24 450096 687234 0.,04232 568665 . 7352 237656 1186156 10213313 42,98 il.21 45.54 53.06 |
25-29 411245 542233 0,02765 476739 «5101 237069 1184535 3027156 38.08 10.13 42.83 51,32
30-34 259241 413432 0.03232 356336 1.,0601 221315 1028616 7842621 35.44 11.00 45.00 52.72
35-39 264819 325951 0.02072 285385 1.1928 200234 973724 6814004 34.03 13,55 51.37 56.65
40-44 201936 474193 0.03059 238064  1.3213 186602 832301 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 61.80
50~54 139072 191365 0.03192 165218  1.6302 168677 843462 4104667 24.33 16.47 58.67 §1.12
55-59 102235 134775 0.02763 118505 1.7791 154558 702118 3261204 21.10 17.64 61.61 62,95
60-64 94508 109715 G.01492 102111 1.8855 137502 672909 2559086 18.61 20.26 58.14 67.07
§5-69 63307 83370 0.02753 73338  1.9917 121032 537414 1486176 15.58 21.86 72.15 69.62
T0-74 45987 62651  0,03092 54319  2.1378 99809 460681 1348762 13.51 99.00 99.00 93.00
75+ 75632 ee752  0,01372 81192 2.3922 o 888081 888081 0.00 0.00 .00 0,00
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117. The right hand side of equation (6l) is a ratio of two
gquantities. 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 at+x, the age of mothers at the time
of the census/or survey. The integral covers the reproductive
age range 15-49, Ih 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, Bguation (61) above can be expressed further in the form
of 1{1+B)/1(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
probabilities starting from age 25 to age 25+N where N is the
‘age of children. The converting egquation is

L{25+N) (
———ee m W{N} P{H~5,N=-1) +[{1-W{N)IP(N, N+4}} {62)
1{25)

where 1{25+¢N)/1(25) is the conditional probability, W(N) is a
weighting factor dependent on age of child and mean

age of mothers at birth of children, M, and P{N,N+4) is the
proportion of children with surviving mothers in age group N to
K+4. N is the central age of two consecutive age groups. For
example, for respondents 5-% and 10-14 age group, the central
age N is equal to 10 years., The weighting factors ,W(N), for
copverting proportion of surviving mothers into life ctable
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 birch of the c¢hild is c¢alenlated from the
distribution of pirths in a year by age of mother. If the
number of children born in the last 12 months is given as B(1i)
for age group i, the mean age difference between mothers and
children at the time of birth is given as:

- 7 7
Moo= 3 B O E B(1) (63)
i=1 ' i=1

where X{i) is the mid-point of the age interval i. The index i
takes values 1, 2,.., 7 for age groups 15-19, 20-24, .., 45-49.
For M estimated from data on births in the last 12 months, half
of & year is subtracted hecause the mothers are on the averade
half of a vear younger at the time of birth of the child than
at the time of the census or survey.
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Table 3.17 Weighting Factors, W(W), For 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 29 30

(1) (2) (3) (4) (5) (6) (1) (8) (9) (10)

186,4.2 0.420 G.470 0,517 0.357 0.59¢6 0.634 0.674 0.717 0,758

15.... 0.418 0.489 0,556 0.818 0.678 0.738 0.800 0.863 U.924

200.:0 0D.404 0.500 0.5%0 0.673 8.756 0.838 0.921 1.004 1.085

25..es 0.366 0.485 0.598 9.704 0,809 0.913 l1.016 1.118 1.218

30.... 0.303 0.445 0.580 0,708 0.834 0,957 1.080 14203 1.323

35.... O.241 0.401 0.554 g.701 0.844 0.98¢6 1.128 L.270 1.412

40.... 0,125 0.299%9 0.467 $.630 0,791 0,950 1l.111 1.274 1.442

45.... 0.6807 0.186 8.361 0,535 n.708 0,884 1.083 1.250 1.447

50.... ~0.130 8.017 0.158 0.334 0.514 0.693% G.890 1.0895 1.318

5%.... ~0.368 0.240 0.058 0.101 8.270 0.456 0.645 0,856 1.083

60..4» 0,466 0.352 6.217 6,084 0.053 0.229 0.378 0.579 0.800

Estimation equation:

1(254N)/1{256)=W{N) . P{N~5, Nl )4 {1~W{N).P(N,N+4)}

Source: 'United Nations.

Estimation,.

ST/ESA/SER.A/81. .

{Manual X}.
Population Studies of the United Nations, No.81.
New York.

Indirect Technigues for Dehographic

p. 103,
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124, One advantage of eguation (6%}, 1is 1its smoothing

characteristic. Once the conditional probabilities are
estimated, an abridged life table begining at age 2% can be
estimated. Otherwise, asing 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 mértality 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-Rill method gives better results for
ages of children less than 30, the application of the technigue
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
ig called thne T“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 cghildren are reported as many
times as there are surviving children, the childless and those
with few surviving children are not well represented. Another
common preoblem 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. BSuch a differential could be explained if the
adges 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
egtimating the mortality level.

123, To reduce the effect of multiple reporting due to many
surviving chiildren by some women, suggestions were made to
address the guestions to the first-born or the eldest surviving
child. (Unfortunately the results were not successful. The
plausible reason is the confusion as to whoe 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 1{(B+N}/1{B) would refer prior to the
censuges 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 -iogit
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

viclated. To appreciate the trends in mortality, it will be
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necessary to relate each estimate of 1{(B+N}/1{B) to an
equivalent standard index of mortality such as the implied
level of mortality, the expectation ©f 1life at age five, the
chance of surviving to age sixty ie., 1((60}/L(B}, etc.

An Illustrative Bxample of COrphanhood Method to Kenva 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 inm the reproductive
ages. In addition the total number of births in the 12 months
precesding the survey by age of women is also needed. Let
Nix,x+4) and MS(x,x+4) be the total number of respondents and
those with surviving mothers tespectively in the same age group.

Step 1: The proportion with surviving mothers, P{X,x+4), is
calculated using the formula
Plg,x+d) = M8{x,x+4)/N({x,%+4]

In the case 0f 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 35-3% 4(~-4h 45-49 Total

No. of Women
W{x,x+4) 87343 181078 149275 93286 56204 24836 9234 &01256

If we assume that each woman had only one kirth in the 12
months preceeding the census, the W(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| {17.5X873434+22.5%181078+ e+ 0 o47.5%9234)/601256]-0.5 = 26,7

Step 3: Using M = 26,7, weighting Ffactors (W(N)}, were
computed from Table 3.17 developed for this purpose by Brass.
Since 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, W(20} = 0.3x0.756+0.7x0.838 = 0,813
Similarly, the weighting factors for other central ages were
computed and the results entered in column 4.

Step 4: The conditional probabilities are computed using
equation (62). For example, For N = 15,
1(25+15)/1{25) = 1(40}/1(25) = 0.720 x 0.974 + 0.280 x 0,950

= 0,967
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Column 6 shows the conditional probabilities for N=10 to N=50
which are similarly c¢omputed. The corresponding levels in the
Coale-Demeny North Pamily are given in column 7.

126. It can be seen that the implied levels decline from a
level of 21.3 for the 5~% 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 1likely 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 1979 <Census Data of Kenya

Proportion Central Conditional Corresponding

Age with Mother Age Weighting Factors Probabilities Levels on the
Group Alive N 1(N+25) Rorth Model
X-X+4 Plx,xt+4) W{N) {1-w{N}] 1(25)

1 2 3 4 5 6 i

5-9 0,985 10 0.623 0.377 ¢.981 2).3

10-14 0.974 15 g.720 0.280 0,967 0.9

15-19 0,950 20 6.813 g2.187 0.941 20.0

2024 0.904 25 0.882 0.118 0.898 18.6
25-29 g.852 340 0.920 0.080 0.845 17.6 '
30-34 3.759 35 0.943 0.057 0.754 15.7 —
35~39 0.678 40 6.902 0.098 0.666 15.3 o
40~44 0.555 45 0.831 0.169 0.536 14.5 ¢
45-49 0.445 50 0.644 G.356 0.395 14.4

50r54 a,305 55
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CHAPTER 4
ESTIMATION OF FERTILITY

4.1 Intreoduction

1. Estimation of current level and future trends in
fertility forms an important element in demographic studies.
Better estimarion of levels, differentials and trends in
fertility 1in sub-Saharan Africa can be made with the
information available now than ten or fifteen vears 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 useful. For this reason methods of estimating
fertility using registered births is not dealt with here,

3. 7This leaves censuses and single round surveys {and a few
mualtiround surveys especially in Francophone countries) as the
main source of fertility data. Many countries in Africa have at
leasty two censuses and more countries will have at Jeast 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 gualitative terms there are still a number of
problems, and probably many of them will be inherited intc the
nineties,

4, Since the sixties with the publication of 'The Demography
of Tropical aAfrica'’ (Brass et al, 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
eastimation of vital rates in the less developed countries. The
recent United HNations Manual X {United HNations, 1983} has
updated and augmented many indirect estimation techniqgues. The
original methods have been modified or improved upon and new
methods have also been developed but the type of the data
¢ollected more or less remained the same. Consequently,it
appears that any further improvements in the estimation of
fertility and mortality c¢an be achieved by improvements in the
quality and quantity of data than by sharpening the existing
indirect technigues. PFurther, as many aspects of population
change with time including wvital rates, these methods become
less effective. Pleas for better data collection and improved
methods have been voiced in almest 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 €o 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 in particular is the indirect
measurement of fertility.

6. The indirect techniques of estimating fertility can be
broadly divided into two categories. In the first category all
methods discussed use the retrospective data on the mean numsber
of children ever born (MNCBEB) and births during the last yearx
{BLY) by age of the surveyed women. These data are used to
yvield adjusted estimates of current age specific fertility
rates (ASPFR) 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 alsoc ,in scme cazes, as a
method of adjusting current fertility level. Recent work of
Brass using 'relational Gompertz model® (RGM) to estimate 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 approzimately five or ten years the method of
hypothetical cohorts developed by 3Zlotnik and Hill (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 estimate
the crude birth rate or gross reproduction rate. Assumptions on
stability are made in many cases. But methods are also
available for adjusting stable estimates of fertility 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 avallable, recent work of Preston (1983) using generalized
stable population eguations can be used. These technigques are
dealt with under group D methods. Table 4.1 lists the methods
under each ¢f thess groups.

10, A1l 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 techniguesa of
fertility estimation are exhaustively and clearly described,
Therefore only outlines of the selected methods are given in
section 4.2 . Also a brief review of the problems encountered
in applying the methods iz presented. A discussion of the
estimates of fertility derived using various methods for some
African countries is also given.
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Table 4.1 Summary of Methods of Estimating the Level of Pertility

Main Method of Estimation

Iype

Data Regquired

Fertility
Measures

A

A.l

.2

o

B.2

B.3

B.4

Brass P/F Ratio
Method

Brass Relational
Gomperts Model
with Pi/Pi+l

Brass Relational
Gompertz Model
with Pi/Fi+l

Computation of
Hypothetical
Cohorts

zlotnik~Hill
Method for Hypo=~
thetical Cohorts

Brass Relational
Gompertz Model
for Hypothetical
Cohorts using
Pi/Pi+l

Brass Relational
Gompertz Model
for Hypothetical
Cohorts using
Fi/Pitl

MNCEB and BLY at a
point of time

MNCEB and BLY at a
point of time

MNCEB and BLY at a
paint of time

MHCEB at two points
ef time

MNCEB at two points
of time

MRCEB at two points
of time

MNCEB and BLY at two

points of time

Adjusted ASFR
and TPR

Adjusted ASBFR
and TFR

Adjusted ASFR
and TFR

Hypothetical
parity
Bistribution

ASFR for inter-
survey period

Adjusted inter-
survey ASFR and
TER

Adjusted integr-
survey ASFR ang
TPR



C.2

C.3

C.4

D.l

D.2

Reverse Survival
Method for five
year age groups

Reverse Survival
Method for cumu-
lated population
by age.

J.N Manual IV
Method

Coale Method
Using C{15) and
g

Hethod of using
<c(15), 151

and intercensal
age specific
rates of growth
by Preston-Coale
eguation.

Preston
intergrated
Method
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Sex~age distribution
and a life table or
rate of growth.

Sex—-age distribution
and a life table or
rate of growth.

Sex-age distribution
and a life table or
rate of growth.

Proportion under age 15
for bobkh sexss, an
estimate of lg and
intercensal rate of
growth,

Sex-age distributions
for two recent Censuses
and estimate of lg.

Sex—-age distributions
for two recent censuses
and estimate of ls.

Crude Birth
Rate

Crude Birth
Rate

Crude Birth
Rate

Crude Birth
Rate

Crude Birth
Rate

Crude Birth Rate
and an estimate

of adult wmorta-

lity
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4.2 METHODS OF ESTIMATING PFERTILITY USING DATA ON MNCEB, BLY
AND SEX- AGE DISTRIBUTIONS

4.2.1 METHODS OF ESTIMATING FERTILITY USING DATA ON MNCEB AND
BLY:

11. BEstimation 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 P, 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
Pp(P4/P3)4 is  less  than  (P3)4/P;  ,the  smaller
guantity 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 for sometime in the past, (b) the reported number of
children ever born for women in the early ages, =ay, 15-35 is
more or less accurately reported, and {(¢) the reported number
of births in the last year may suffer from errors resulting
from inaccurate perception by the respondents 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 cases can be verified

at least indirectly. Assumption (b) is believed to be
reasonable for the early ages of women.
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16. Under the assumption of constant fertility the cumlated
current fertility upto a certain age x, (Fy}, which is
deduced from data on BLY, should be sgual to the lifetime
fertility (MNCEB) to the same age Xx, (Pyl. Any difference
between the two can be attributed to the errors that are
normally present in the data on MHCEB and BLY. Thus any
deviation of P/P ratio from unity for vazious age groups can be
taken as an indication of the presence of #rrors in the data.

17. What the P/F ratio method does is toc use the age
structure of the fertility depicted by current fertility data
on BLY, which by assumption {c} is reliable, and compare it or
adjust it, with the data on MNCEB by age of youny women. In
otherwords, the most reliable pieces of information from 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, MNCEB for women in the age group 20-24 refers to the
mid-point 22,5 years, whereas cumulated curreant fertility for
the age group 20-24 refers to the end of the age~group, namely
24.5 years. Purther, &as ocurrent fertility data are based on
questions on BLY, the age of the women at the tisme of the
occurrence of birth is on the average sizx months lesa. 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) {United Nations ,1983).
FPor ages above 20 the various multipliers give almost the same
result. With the bhelp of these multipliers it is possible to
obtain parity equivalents of current fertility rates (Fj)
which c¢an be compared with the lifetime fertility data (Py).
Tables 4.4 and 4.5 illustrate the application of the methods to
the data of Swaziland (197¢).
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Multiplying factors for estimating the average value
over five-year age groups of cumulated fertility (Fi)

according to the formula Fi + ki £3 (when
fi is for ages 14.5 to 19.5, 15.5 to 24.5, etc)
Exact limits
of
age interval
15-20 1.120 1.310 1.615 1,950 2.305 2.640 2.925% 3.170
20-25 2.555 2,690 2,780 2.840 2,890 2,925 2.360 2,585
25~30 2.925 2.960 2,983 3.010 3.035 3.055 3.075 3.095
30-35 3.055 3,075 3.095 3.120 3.140 3,165 3.1%0 3,215
35-40 3.165 3.1%0 3,215 3.245 3.285 3.325 3.375% 3.435
40~45 3.325 3.375 3.435 3.510 3.610 3.740 3.915 3.150
45-34 3.640 3.895 4.150 4.395 4.630 4.840 4,985 5.000
_ £y/f3 .036 113 .213  .330 .460 .605 764 .939
m {years) 31.7 30.7 29.7 8.7 27.7 26.7 25.7 24.7
HSourge: Brass et al 1967, p. 94
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Table 4.3 Coefficients for interpolation between cumalated
fertility rates to estimate parity equivalents
Inde% Coefficients
Age group i a{i) b(i) cii}
(1) (2) {3) {4) (5)

{a) Fertility rates calculated from births in a 1l2-month
period by age of mother at end of period

15-19-40~44
45“49590.:.

15=1%: cueses
20'2490n:qo
25-2%.veune
30“34.0&9..
35'39600»9'
40”441.-0.4
4&'49.«;«9.

15-19-40-44
45“49:000--

15-19.uueun
20“24&0;---
25“23-..::.
30"34«0»0&&
35“39.-0I.Q
C IR T- SUFRNNON
45-49.cuaue

1-§
7

wf O AR e ) B b

3.392
0,392

2.531
3.321
3.265
3.442
3.518
3.862
3.828

”01392
2.608

-0,188
~0.754
-0.627
~(.5863
’0:?63
-2,481
0.0162

0.0024
0.0161
0.0145
0.0029
0.0006
“Uaﬂﬂﬂl

(b} Fertility rates calculated from births
by age of mother at delivery

1-6
7

U - TR T N N PR R

2.917
C.417

2.147
2,838
2.760
2.949
3.029
3.419
3.535

”0.41?
2.083

-0,244
“0:?53
-0.594
-0.566
”00823
-2.966
0.0072

9.0034
0.0162
0.0133
0.0025
0.0006
~0.000%

a This

Source: United Nations, 1983, p. 34

coefficient should be applied to £{i-1},
that is, to £(6) instead of £(8).

not £{i+l},
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Table 4.4 PB/F ratio method of adjusting current fertility
estimates, Swaziland 1976

Brass Method

Reported

Age i parity (Pj) ASPR
group { MNCEB} £ ‘k Ki Fi Pi/Pj

(1) (2) (3) {4) {5) {6) £7}
15-13 i .325 « 117 G 2.307 «270 1.20
20-24 2 1.652 254 .585 2,890 1.319 1.25
25-2% 3 3.211 « 246 1.855 3.035 2.602 1.23
30-34 4 4.6867 .209  3.085 3.081 3.731 1.2%
35-39 5 5.60% +159 4.130 3.210 4.640 1.20
40~44 6 6.124 .092 4,925 3.423 5,240 1.17
4549 T 6.258 «055 5.435 4.099 5,610 1.12

a) Col, {(4) is compiled from {3} by the relation
$; = 5Yf; for s = 1 to i-1.

b) Col. {5) Is interpolated from Brass Multipliers (Table 4.2)
using £1/f; = 0.461 and m = 29.4 as arguments.

c) Col. (6} is obtained from col. {5) and col. {4) by the
relatjon Py = ﬂi + Kijfq.
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Table 4.5 Coale and Trussel Method, Swaziland 1976
(UN Manual X method)

i Reported
Age parity (P;) ASFR
group { MNCEB) £i ¢ Fy Pi/F§

[

{1 (2} {3} (4} {5) {6)
15-1%9 1 +325 «117 585 2262 1.24
20-24 2 l.652 « 254 1.855 1.334 1.24
25=29 3 3.211 0246 3.085 2.609 1.23
30-34 4 4,667 203 4,130 1.731 1.25
35-39 5 5.609 159 4,925 4.623 1.21
40~44 8 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

$; = 5 £, for 5 =1 to i.

b) Col. {5} is obtained by the relation
Pio= i + ali)E(i) + BILIE(I+1) + c(i) B(T)

where the coefficients a{i), b{(i) and c{i}) are obtained

from Table 4.3
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A.2 and A.3 - Brass Relational Gompertz Model
{Parity and cumulated fertility situations)

19. The Gompertz function has been used by many authors to
represent the cumulative fertility of & population. The
function iz

X
F(x)/F » AB, where F(x) iz 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 ag shown below

¥Y{x) = -1n [-1n{F({x)/P)] = a+bx eee{l)

20, As it stands the model represents the fertility pattern
sufficiently well but more efficient methods are deviced
egpecially to improve the fit at the extreme ages of
reproductive life. This is done by transforming the age scale.
In the transformed system Y{(x) values of various populations
are reélated 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 Yg(x) are
standard vaiues then we have the relational Gompertz model

Y{x) = atb¥g(x) sael2)

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
knpown~~ which in fact is to be estimated.

21. Brass suggested an alternative fitting procedure using
Z{%), instead of Y{x); which circumvents the knowledge of ¥,
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 % values are
defined as;

Z(ﬁ) = "‘lﬂ [ “1ﬁ{Fx1{Fx{-1)} »-0(4)

where i (=1,2,....,7) refers to the five year age groups and x
{=20,25,...50} refers to sage.
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22, The estimates of a and b are obtained by fitting the
approximately equivalent relations:

Z{i) "“ei » a‘ 'i’b' gi csc(5)
Z{x} -ex = a' ""b’ gx 005‘6}

where Z{i) and 2Z(x) are as defined earlier. The values of
€jreyrdj and g, are based on the standard

fertility schedule chosen and are given in Table 4.6. The
application of the method for the data from 8waziland is
illustrated in Tables 4.7 and 4.8.

B.l ~ Intersurvey Fertility Estimation Using Hypothetical
Cohortg

23, Use of one point data on lifetime fertility and
cumulative current fertility gives an idea of internal
conaistency 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 MNCEE 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
gan then be compared as in the conventional PB/F ratio method.
One of the advantages of this method is that fertility between
the two points of observation iz used to derive the
nypothetical 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 perform well unlike methods A.l teo
A.d.

24, The method ,however, reguires us to assume that the
fertilivy 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 completeneszs 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 acecount
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 cohott respectively then we have for surveys
geperated by five years:
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Table 4.6 Standard values for Brass Relational Gompertz Model

Table A
Age el x) gl %)
15 » 9866 -2.3138
20 1.3539 -1.3753
25 1.4127 -.6748
30 1.2750 <8393
i5 <9157 «3450
40 <3966 2.,3489
45 - 4.8097
Table B

Standard values for cumulated fertilities and their
ratios with half vear shifts

Age X Fﬁ(X){F Y3(X) 2{x} g{X}
14 1/2 0018 -1.8444 .9780 -2.4020
19 1/2 115} -+7712 1.3364 -1.4501
24 172 3528 -.0410 1.4184 -.7430
29 1/2 »HB69 6294 1.2978 - (382
34 1/2 « 7795 1.3897 9670 .8356
39 1/2 + 9192 2.4736 +4509 2.1649
44 1/2 9889 4.4984 U462 4.4564
49 1/2 . 99959 9.34186 - -

Table C

Standard values for mean parities and their ratios

Age i Pi/F ¥gii) e(i) g{i)
10-14 Q 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 -.3352
30-34 4 . 7064 1.0569 1.1421 «4391
35-39 3 8678 1.9534 L7061 1.5117
40-44 6 . 9876 3.4130 +2763 3.21085
45-49 7 9877 6.0557 - -

Bource: Brass 1981, p. 360



Table 4.7 Fitting Brass Relational Gompertz model to retrospective fertility data,

Swaziland 1976

MNCEB Py Z{i}~e(i) P;

Age {(Py} Piel 2(i} e(i) g{i} ¥g(i) FPitted Py
Yii}
(2) {3) {4) {5) {8} {7} {8) {9) {10)

15-19 1 «325 «1967 —~.4862 1.4897 ~1.7759 -1,7438 -1.0787 -1.8950 .0503
20-24 2 1.652 .5145 4086 11,4252 ~-1.0166 -1.0157 ~0.3119% ~0.2876 .2641
2529 3 3.211 +6RBD «3836 1.3725 -0.388% -0.3353 2.3538 4157 .5169
30-34 4 4.667 L8321 1.693% 1.1421 a.5518 0.4391 1.056% 1.1145 .7203
35-39 5 5,609 9159 2.4321 0.70b61 1.7260 1.5117 1.9534
40~44 6 6,124 +2786 3.83306 «2763. 3.5573 3.2105 3.4130
45-49 7 6.258 - - - - - e
Notes: (a) Col. (4) is computed by the relation 2Z(i) = -ln [-ln Pj/P;+1]

Cols. {5) and {7) are copled from table 4.6

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., Por the exampple presented they turn out to be

a = 0.0426 and b = 1.0545, so that ¥Y(i) = 0.0426 + 1.0545 Yg (i},
in Col. (8} ¥g (i) values are taken from Brass (198l1).

The fitted ¥(i) are computed accordingly and placed in Col. (9).
Col. (10) is computed by the relation Pi{/F = Exp [-Exp [-¥(i)]].
Col, (11} = Col. {2)/Col. {10).

- ogl -



Table 4.8 Fitting Brass Relational Gompertz Model to current fertility data, Swaziland

1976
*Cumulative
Pertility
Age Fy Py 2(x) e(x) a({x)-eix} g{x} ygli) Fitted Py
(x} i —— Y{i) ?%“ Fi
Fx4s
(1) (2) (3} (4) {5) {6) (7) (8) (%) (10} (11
20 1 .585 +»3154 -.1432 1.3364 ~1.4796 -1.4501 -1.0787 -1.0953 .0503 6.5
25 2 1.85% 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 L9670  0.7701  .B3i56 1.0569 «85897  .6921 1.7 !
40 5 4,925 -9146 2.4161 L4509  1.9652 2.1649 1.9534 b
45 & 5.385 .9514 2.9933 +0462  2.9531 4.4564 3.4130 =2
50 7 5.680 {

Notes: (a} Col. (2) is obtained by multiplying by 5 the cumulated observed ASFR data of
Swaziland
1976, based on births in the last vear.
{b) Col. (4) computed by using the relation Z(x) =-ln (=1ln Fy/Fy.q)

{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
4 ==-0,0371 and b = 0.981, so that ¥{i} = 0.981 ¥s{i) - 0.0371.
In Col. (8) Ye{i} values are taken from Table C of Brass (198l1).
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.
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?(l'h)“ P(i,Z} --&0{7)
Qisz}g p(ilh} + EF(ZIE)”F{]-}i)] oco(aj

?(i’h)' P(i"‘l;h) + [P{i;ﬁ)*l’{i“l;i] 0.1(9}
where 1 = 3,4,.. 7.

If the surveys are seperated by ten vears then we have:

P{l,h)= P{1,2) +»»e{10)
P{E'h}= P{Z,E) cno{l}.)
and Plish)= P(i-2,h) + [P{i,2)~ B{i~2,1)] ...(12}

where i= 3,4;1;. 7.

27. It is not always practicable tov have surveys seperated by
five or ten years. However, if the fertility has not changed
drastically during the intersurvey period , and the interval is
one or twe years different from five or ten years, no
correction is required (Zlotnik and Hill,198l1). 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.1 we obtain the hypothetical parity
distribution based on the intersurvey parity increments. It is
possible to derive from these hypothetical parities the
eguivalent cumnlative fertility rates ,PF’, by suitable
interpolation. This 48 the inverse process o¢of obtaining
equivalent cumanlative fertility to match parities ( methsod
A.l). One method of interpclation used in Zlotnik and Hill
(1981} and United Hations {1983} is8 given here :

F'{i,h) = .9283 Pli,h} + .4547 P(i+l,h) - .0585 P(i+2Z,h} ...{13}
~+3245 P'{i~1,h)
for L = .1‘- 2;5&5 and F'{O,h}*ﬂ

F'(6,h) = ,0209 P{4,h) -.5574 P(5,h) +1.0478 P{6,h)} s (18)
+ L2869 P(7,h} + .2018 P'(4,h)

F'(7,h) = 1.007 P(7,h) «e o {15}

2%, Once the cumulative age specific fertility rates ,FP' are
obtained, the ASFR can be deduced by successive subtraction.
Table 4.10 gives an illustration using the data from Swaziland
for 197s.

30. The above procedure can be used even when we have one
point data and obtain ASFR 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 c¢hecking
consistency of the lifetime and current fertility data.




- 183 -

Table 4.%. Computation of hypothetical cohorts for Swaziland,

1966~1976

Age i Parities Parities Inter- Parities of

group Pli,1} P{i,2) censal hypothetical
increments cohorts

(1) {2} {3) {4} {5}

15-1%8 1 +3168 23251 - 3251

20-24 2 1.658% 1.6520 - 1.6%20

25-29 3 3.0126 3.2114 2.8946 3.2197

30-34 4 4.1361 4.6665 3.0076 4.6596

35-3% 5  4,849%9 5.6090 2.5964 5.8161

40-44 &  5.4689 6§.1240 1.9873 6.6475

45-49 7  5.7451 6.2583 1.4084 7.224%

Notes: a) Col. (4) obtined as P{i, 2)-P{i-2,1) for { = 3 ..ee.,?

b) Col, (5): for i=1 and 2 the values are copied from column
{3)~see equations (10) and (11} of the text; for i=3, ....7,
gee aguation (12) of the text.

Table 4,.10. Computation of ASFR from the parity data of
hypothetical cohorts for Swaziland, 1966-1976

Age i Parity data of Cumulated ASFR (i)
group hypothetical fertility by (per woman)
cohorts the end of age

group ¥'(i,h)

(L (2} (3} {4)
15-19 1 «3251 8645 <173
20~24 2 1.6520 2.,4444 «316
2523 3 3.2197 3.8741 «306
30~34 4 4.65946 5.2916 .263
35~-39 5 5.8161 6.2819 «198
40-44 & 6.6475 6.9613 136
4549 7 T.2245 7.2751 .063

Notes: a) Col.(2) obtained from Col.{5) of table 4.9,

b) Col.{3} obtained by interpolation using equations (13}
€14) and (15) of the text.

¢) Col.(4) obtained from Col.{3) as the difference
between F'{i,h) and FP'(i~1,h), divided by 5.
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B.3 and B.4 -~ Brass Relational Gompertz Method for
Hypethetical Cohorts

i
<«

3l1. These methods are identical to those described in A,2 and
A.3 except that the observed lifetime fertility will be
replaced by intersurvey hypothetical parity estimates obtained
in B.1 and the cumulative curreast fertility is based on the
average ASFR for the intersurvey period.

4,2.2 METHODS OF ESTIMATING FERTILITY USING DATA
ON SEX-AGE DISTRIBUTIONS:

€.1 ~ Reverge Survival Method

32. In any population the persons aged (-4 ,in year E, 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-% at time t when projected five yeats and ten
years backwards results in persons aged 0-4 at time {&~5}, and
births during the five years preceding (t-5). Once survival
ratios are available for specific periods, reverse surviving
becomes aasy. We are particularly interested in reverse
projecting a population five or ten years backwards in time,

34. It can easily be seen that
B{t"5.t}. $b(t-5;t} L PG..&{t) 000{163

where B{i-~5,t) denotes births in the five year period {t-5,t),
Splt~5,£) the survival ratio of births to age group 0-4 at
time t and Pg.s the population aged 0-4 at time t, FPFrom this
it follows :

and the right hand side of the eguation can be calculated if an
appropriate life table is available. In this case

Sb = LO*& ,j 5 10 i.;(IB)

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,t}) 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
gecond 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:

b.4=(1/5)[Pg_g(t) (5 lo/5hol 1/(1/2){T(E)+T{e~-5)] ...{(19}
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{E~5}] by T(t) Exzp(~2.5r} 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% in the year t, we need to reverse survive them
first to age group 0-4 at time {(t-5}, which can be done as follows:

Po~m4(t—5} = Psng(t)/ sﬁ-4{t“5gt) 950{20}

The quantity sLg / 5L, taken from an appropriate 1life table
gives the strvival ratioc from age 0-4 to 5~9 in eguation {20). Prom
the population aged 0-~4 in the ysar (t-5}) we can obtain births
{£-10) and {t-5) by using eguation {16}, leading to :

B{t~10,t~5)= P5.gy / {5L5/5Lg)(5Lo/5 lg) ...(21)}

If the life tables for the periods {t-10,t-5}) and {(t-5,t) are equal
then gL, on the right hand side of the above equation will
cancel out.

38, The mid-year population during (t-10,t~5} iz obtained on the
gsame lines as in the case for U0O-4 age group discussed above, with
the difference that in this case reverse projection is done two
times.

33. If the rates of growth of the population during the periods
t-l0,t~5 and t-5,t are denoted by r; and r,; then the mid-year
population for the period t-10,t-5% can be written as :

T{t-7.5} = T(t) Exp(-2.5r;} Exp{-515} «0«{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 r will replace rp
and r).

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 wviolated.
The second aesumption is the availability and
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reliability of mortality data in the sub-Saharan African
situation. 1In most of the countries of -this region the main
source of mortality is the Brass type indirect estimates.
Using these indirect estimates of 1;, 13 and lg 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{l981) and
{Venkatacharya and Tesfay Teklu, 1987a} indicated that reverse
survival of populations of both sexes under age 15 , using the
life table corresponding to the Brass type of indirect estimate
iz gave very robust estimates of birth rate. This c¢an be
written ag;*®

bR = C'flﬁ) ﬁﬁ?{ ?l5 z} ; }5L° -,:-{23}

where€"(15) isproportion 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. r and L, can also be used for
both sexes. Computations can be made using either both Bsexes
ox one sex i.e females. Once C'(15) value for both sexes is
taken as the proportion under 15, say for females, r and Lg
can also be used for females only.

42. S8imilarly,the birth rate based on proportion under age
10, and a life table corresponding to the Brass type indirect
estimate of l; can be obtained as :

bR = C‘{}j}) EX?{ 5£ ] f‘ iGLQ xlliz‘i}
ihe above birth rate refers to the 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'(1€} indicate cumulated values upto ages
15 and 10 reapectively for the recent census,
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Table 4.11 Application of Reverse Survival Methods to Census
data of Swaziland (1976}.

(1) (2] {3} {4) {5) {6)
1966 Survival 1971 Survival 1976  Age
Female ratios Female ratios Female Group

Pop. 1%66-71 Pop. 1871-76  Pop.
{4%018) - (51196} - - Births

36910 85933 42123 .87214 44650 0-4

29635 = 92500 34142 93393 39340 5-9

23942 96382 28741 «+ 97322 33228 10-14
20177 97775 23409 «97985 28162 15~19
14482 97475 19668 +937685 22867 20-24
13810 «37056 140656 « 97290 19135 25-29
1014t » 96603 13341 .96878 13617 30-34

9539 +36104 9746 »96423 12864 35389
6765 .95588 9118 +95923 9349 40-44
5813 + 95095 6433 +95427 8701 45-49
4868 .94196 5476 + 9454} 6080 50-54
4220 «92452 4501 92872 5086 55-59
3434 »B9458 775 »30010 4051 60-64
4155 84505 2302 85219 3217 £5-69
9165 « 77065 3202 77970 2263 70-74
252494 4811 « 68085 75~19
- 42177 2029 80+
137056 225444 2be82l

* The Survival 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, PFrom the reverse projection of table 4.11 we get,

{a) Pemale births per year during 1971-76 = 1/5% {51196) = 10239
Mid-year population for the period 1871-76 = 172 (225444 +
256821) = 241133
CBR based on 0-4 population (1023%/241133) * 1000 = 42.5.

{b} Female births per year during 1966-71 = 1/5 {490318) = 9804
Mid-year population for the period 1966~71 = 1/2
(157056+225444) = 211250,

C.B.R based on 5-9 population = {3804/211250) * 1000 = 46.4

{c)  Intercensal rate of growth 1966-1976 = .0301 {computed from
census fiqures).
Mid-year population for the period 1971-76 = 256821%
Exp{~2.5%.0301) = 238204.
C.B.R based on 0-4 population = {10239/238204} * 1000 =43.0

{d) Mid-year population for. the period 1966-71 = 256321.
BKp(—T.ﬁ 3090331) .
C.B.R based on 5~9 population = (9804/2064922) * 1000 = 47.8
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4.3 METHODS BASED ON STABLE AND GENERALIZED STABLE
POPULATION EQUATIONS

44, It is well known to demographers 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 :

cla) = b Expl-a r 1 pla) wea{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 distribution of a guasi-stable population
is close to the age distribution of that stable population
which has the game level of fertility and the current mortality
level.

45, Several methods of estimating fertility and mortality
based on stable population theory are available. Por a
detailed description of these methods the reader should refer
to { United Nations , 1967; United Hations, 1983). 1In this
chapter we briefly mention a couple of them.

.3~ United Nations Manual IV method.

46. In the United Nations (1967) Manual IV it is suggested
that given an age distribution of a population by sex and an
estimate of its rate of natuyral increase, the fertility and
mortality levels of the population can be estimated by matching
the cobserved age distribution with that of an appropriate
stable population.

47. In sub~Saharan Africa it is very difficult to assume that
the countries have been ¢losed to migration, an assumption
required for the application of stable population methods. 1In
fact, most of the countries under study such as Ghana,
Swaziland, Lesotho, RKenya, Malawi and Tanzania have in the last
twenty oOr 80 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
counkry or de jure population 18 used. It is dquite 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,
Bowever, a number of authors have suggested corrections to
birth rates derived on the stable assumptions to take account
of the declines in mortality. ( United MNations, 1967;
Zachariah, 1970: and Abou~Gamrah, 1976}, 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 nonstable conditions renders these
corrections unnecessary. These methods will be discussed in
the subsequent sections.

C.4 - Coale Method based on C{(15) for both sexes and lc

49, Coale bhas observed that the birth rates of stable
populations having the same proportion of population under age
15 and the same leve]l 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:

bc L bs EXP[ 705 {I - Kg)] e s (26}

where by and rg 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 ls.

50. The logic behind the above adijustment is explained by
Coale by treating the estimation ¢f stable birth rate f£from
C{15) and 15 a8 a form of reverse survival method that gives
an estimate of the average birth rate during the 15 vyears
preceding the census. The persons under age 15 when reverse
purvived by life table survival ratics corresponding o
estimated lg lead to the births during the 15 years preceding
the census. To 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 diffdrs for &a stable and a non-stable or
observed population. For example, the person vyears lived in
the stable population are obtained as P, Exp[~7.5 rgl and
for the non-stable observed population as P, Exp{-7.5 rg,l.
The value 7.% is the number of years before the census where
the midpoint occurs and P, is the total c¢urrent population.
Thug& the person years in the stable situation and hence the
stable birth rate can be adjusted by the factor
Bxpl7.5(rg=rg)] to take care of the non-stable situation.
For more details the reader should refer to Coale {1981) or
United Nations (1983). Since by 1is the average value for
fifteen years prior to the most recent census date, t, and 15
refers to the time about 6-7 years prior to T, by should be
treated to refer to the time (t-7.5},

51. Byguation {26) is shown to bhe egual to the well known
revergse survival method of obtaining birth rate from ¢'{15),
with a life table corresponding to 15, and r { Venkatacharya
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and Tesfay Teklu, 1987a). Denoting by bp ,the birth rate by
reverse survival method, we have (== jia used to denote
*approximately equal to"j:

bR = bc - C'(ES} -Exp[ ?&5 r } / lSLQ .‘.(27}

52. Egquation(27) is simpler than eguation{26) in that it does
not contain stable parameters bz and rgs This results in a
certain amount of computational ease., However, the denominator
of equation (27) contains js5L,, requiring the use of Model
Life Tables , if a life table for the study population ig not
available. Further, simplification of the above equation is
made by exploiting the very high correlation between 15 and
150y leading to :

bv bl EtilS} EXP[?.5 ¥ 1 / {ﬂ + V.}»sl ...{23}

where u and v are constants obtained by fitting a straight line
petween 15%0 and 1y for various Model Life Table Pamilies.
Values of 4 and v are tabulated and presented in Venkatacharya
and Tesfay Teklu {1987k, pll} and reproduced in table 4,12. 1If
prior knowledge of the mortality pattern of the study
population is available then the appropriate set of u and v can
be used in eguation (28). However,it has been observed that
varjations in the model 1life table families only result in
minor <hanges in the estimated birth rate ( Coale, 19%8]1;
Venkatacharya and Tesfay Teklu, 1987b). Therefore, in the
context of developing countries where one does not have a firm
knowledge of the pattern of mortality, the values of u and v
that correspond to Coale and Demeny West model life tables can
be used as they result in minimum percentage error in the
estimated birth rate. Thus, the following birth rate estimate
which uses only r, C'(15} and 15 can be used irrespective of
the true mortality pattern of the study population without any
serious error in the estimacted value ( Venkatacharya and Tesfay
Teklu, 1987 b):

b‘v b C’{I’fﬁ} Exp[?a.‘: I} { { «365+14,.6 15] ..QCZB)

Sensitivity of birth rate :

53. One of the advantages of eguations (28} and(29} is that
they permit easily, to make sensitivity analysis of the birth
rate for errors or «changes in the arguments, namely,
€*'{15),15 and r. From equation {28) one can deduce that a
change of 100kt {i.e for 5% change k = .05} in C'(15) leads to
100k3 change in the estimated birth rate. In other words the
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Table 4.12. The values of u and v for variocus Model Life Table
Families assuming a linear relationship between

15ko and 1s.
Model Life Table Family u v
Coale~-Demeny
West + 365 14.599
North +«145 14.809
East +309 14.663
South «553 14 .415

United Nations {(HNew)

Latin American 302 14.691
Chilean 284 14,712
South Asian «511 14.475
Far Bastern 024 15.018
General « 147 14.851
Q.B.C.D
Region A «871 14.061
Region C 749 14.197
Region D £512 14.451
Region B .618 14.340

Note: Except for Region A of O.E.C.D in all cases the RZ is
equal to 0,999%9,
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birth rate estimate is as good as our observed C'(15). A 100ks
error in r leads to l100[EBxp{(7.5rk)~11l% change in the estimated
birth rate. A 100k% change in lg results in

4 + V’}.S
«10801 1 - - e 3
4 + vlg + vigk
in the estimated birth rate. 1In the case of 1lg the change
works in the opposite direction., Calculations made for some
Asian and African countries indicate that a 5% change in each of
C'(15),r and 15 , one at a time , leads to about 5%, 1.2% and
-~4,5% change in the estimated birth rate respectively. Two very
intereating points emerge from thiz. (1) The robust estimate of
birth rate is more affected by changes in C'(15) and 15, and to
a lesser extent by changes in r. (ii} The errors in C*{15} and
ls act in opposite directions thereby reducing the net effect
on the birth rate in some situations.

D.)l Robust Birth Rate Eatimate by Preston -Coale Equations

54, Por a nonstable population , we have the folowing relation
given by Preston and Coale {(1382);:

Ohr
cta,t) = by(t) Expl - [rix,t) dx ] pla,t) .o (30)
(-]

where b,{t} is the birth*® rate of the observed noanstable
population, r(x,t) are the age specific rates of increase of the
population aged x and pla,t) is the 1life table survival
probability fto age a, all referring to time ¢t. In the
application of the above equation to data of t€wo succeasive
censuses, <la,t), r{x,t) and p(a,t) are taken such that t refers
to the midpoint of the intercensal period.

5%. In the method suqgested hy Coale which was discussed in the
previous section we have noticed thabt the robustness of the birth
rate originates from the dependability of the three pieces of
data C€'{15), 1lg and r in that order of importance. Taking
advantage of this knowledge, we can use the Preston - Coale
equation to estimate the birth rate using <€{15), ls and r(x)
which should lead to a robust birth rate estimate. Here C{15)
denotes the person years {( both sexes ) lived under age 15
centred at the mnidpoint of the two censuses, propping the
gubscript 't' we have from equation {(30):

" 14 o
C{15) = j'c{a) da = by fkﬁxp {m_fr(x)dx ] pla) da
o o o

T bn EXP I"" ?c5 Iw } 15:{#{)
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leading to :

bn - 6{15} Exp{?.5 fw] / lﬁba --‘(33.}
where ‘
r{x} refers to intercensal rate of growth, pl{a) to a life table
corresponding to lg, and ry = (1/7.5} [5 rg.gr2.5 rs.9]).
£g.4 and rg.g refer to intercensal rates of growth for the
age groups 0~4 and 5-9 respectively.

56, The equation{3l) is very similar to eguation(27) and has
been found to give robust estimates for a number of sub-Saharan
African countries, There are other variants of the above
agtimate, one of them which is likely to give better results is
as follows:

b*, = C(15) Exp{ 7.5 r'y] / 15L¢ .es (32}
where :
r'y = {(1/7.5) Ln [ {BExp(-a)) sLo/15kol}

+ Expl-az) (50L5/15Lg)
+ Exp(=-az) (s5Lip/15lo)]}

]

and aj 2.5 rguyg
ag 5 Ipg-4g + 2.5 5.9
az = 5 rg.g + 5 rg.g + 2.5 rjp.14

57. Por a fuller discussion of these estimates in relation to
the earlier Coale estimates reference can be made to
Venkatacharya and Tesgfay Teklu (1987a). It is very easy to see
that equations parallel to {(2B) and (28) can be obtained in a
straight forward manner from equations (31} or (32).

58. However, one important point should be mentioned here.
The estimates of the birth rates given by b, and b", are
applicable for the mid-point of the intercensal period or 5
years before the second census when censuses are ten years
apart; whereas bge, bgp, by and b'y 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 guestion
these two sets of estimates will not be strictly comparable,
Therefore, b, and b*, have a very useful property, nanmely,
that they give birth rates for more recent pericod than the
estimates like bg.

59. Thus using the same data as in Preston integrated method,
and also using the same basic eqguation we have obtained a
robust estimate of birth rate., The results are presented below:

C.B.R using equations (27), (28) and {29}
Brass type estimate (using Multipliers of U.N Manual X%, p 77)
of 1y = .7327 for both sexes; and ls for Females is .8106.
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also 15Lo for females (North Family Model Life tables) =
12.12604 where 1, = 1.

Proportion of females under age 15 in 1976 = .4564
Proportion of males and females under age 15 in 1976 = .4776
Using equation (27)

C.B.R = [.4776 x Exp. (7.5 X .0301) 1 /12.12604] * 1000
= 49-4.

Using equation (28) for North family
C.B.R =[.4776 x Exp.(7.5 X .0301)] / (.145+14.806 X .8106)X 1000
= 49.3

Using equation (29)

C.B.R =[.4776 X Exp.(7.5 X .0301)]} /{.365 + 14.6 X .8106) ]1X1000
= 49.1

D,2 Preston Integrated Method

60. Preston{(1983) approcached 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 :

6l. We have from equation(30), dropping t :
A _
1/pla)} = b Expl -.fr(x) dx ] / c(a) eee{33)
but p(a) can be written as:
= 1l gpla), where gpf{a) is the <conditional

probability of survival from age 5 to age a and 1, is taken
as unity throughout this chapter, so that 1g gives the
probability of survival to age 5. Therefore equation (33) can
be written as :

g
1/sp(a) = 1g b Expl -‘fr(x) dx 1 / cla) erel(34)
[-]

62. Further, for ages above 5 assuming that any life table in
one Model Life Table family can be obtained by logit
transformation of an arbitrarily chosen 1life table from the
same family we bhave :
l/5p(a) = eh [ s5q%(a) / spS(a) 12 + 1 e (35)
where 5g5(a) and gpS(a) are taken from standard life
tables.




Table 4.13. Application of Preston intergrated method to Swaziland data, 1966-1976

Person years Cumulated Anuualized

Age Female Population Aage lived by each ASGR to Proportion
group N specific age group beginning of inter- q*3({x)
s growth during the of next censal PY e
{ x~ 1366 197¢ rate(ASGR) inter-censal age group lived at p*8(x)
x+5} 5 x per iod each age
(5P¥y)

{1) {2) {3} (4)* (5)* (6)* (7)* (8)* {9)* {10}*
00-04 32678 44896 (.03176  38469.77 0.0
05-09 30627 39739 0,0260%5 34978.89 0,03176 0.03209 21.682 0.0 47.1(1)
10-14 25136 33834 0.02972 29266,49 J0.08753 0.02807 21,159 0.0450 48.8{2) i
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 D.l6592 0.01668 20,739 0.,1307 51.4(5} |
0-34 10851 14387 0.02821 12534.56 0.18729 0.01343 23,147 0.1705 51.%{46)
35~39 10281 13470 ©,02692 11809.08 0.21550 0.01064 25,373 0.2183
40-44 7120 9768 0.03162 B374.46% 0.24242 0.008862 26.754 0.275%
45-4% 6619 8988 0.03059 7744.36 0.27404 0.00704 28.617 0.3426
5054 5501 6285 0,01332 5885.89 0.30463 0.00596 29,009 0.4205
55~-58 3415 5195 0.04195 4243.15 0.31795 0.00443 36.513 0.5252
60-64 3381 4138 0,02080 3735.58 0.35990 0.00349 37.578 0.8794
65+ 9472 9814 0.00355 9633.80 {.38070
*Notes:

Column (4) 5Fx = 1n (5N%(1976)/5Nx¢1966)) / 10, where 5Nx is the population between ages X
and (x+5).

Column (5) 5F¥x = [5Nx(1976) ~ 5Nx(1966)] /[10%*grx]

Column (6) By = ¥ 5%i-5 ; for x = 10 , 15, .ssjand i = 5,10,.. {X~5}

Column {7) C(x+5) = (5%¥x + 5P¥x 45) /[ 10 times the total of values in column (5}]

Column (Bnl;fmx) l.Exp{-5*

Column (9) g¥*38(x)= [1 - p*S(x}]. The values are obtained from Coale~Demeny North Model

ife Tableg of Females with e tati i i
Column{10) ft f% Sﬁga neg gymf%near Eit ggegagax ﬁ ggiééig ?g}b;;ghlgggaée:otggtyears
at egquation (37)
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For most practical purposes B can be taken as unity leading to:
1/spla) = K [5q®(a)/sp®(a)l+l, where e = K ...(36)

From equations (34) and {3é} we have
ig Exp[«—{;ix}dx 1/e{a)

= {1/B)+(K/b} [5qB{a}/spB(a}] eea (37}

63, The left nand side of the above equation involves known
quantities. On the right hand side the guantity in the aquare
brackets is also known, based on the astandard model life table
chosen. Thus equation{37) expresses a linear relation between
two known guantities, and the intercept of this line gives the
reciprocal of birth rate and the ratio of the slope and
intercept gives a measure of the level of adult mortality.

64, On the left hand side of Equation{37) two quantities need
some explanation as to how they could be computed. The
integral in the exponent is evaluated by the method illustrated
for the computation of r'y in equation (32). The quantity
c(a) is the ratio of ath birth days to total person years
lived between the ages a and atd during the intercensal period
and is calcilated by the following method:

First Calculate:

[(Popn. {(a,a+5) in the -~ [popn. (a,a+5) in
second census] first census]
PY({a, ats) = e
tia, a+5}.h «»a (38}
where r(a,at5) is the age specific rate of growth for the age
group {a,a+5) during the intercenzal period and hh is the interval
in years between censuses. We can then obtain ¢{a) as:

Py{a,a+5) + Py{a - 5,a)
c{ﬁj bl it ...(39)
10. {Total of PY over all ages a)

65. Equation {37} can be fitted by varicus mebthods. Preston
{1983) suggested the use of group mean method. The mean valuss
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 Table
4.13 an application of this method is illustrated.

66. Ciear cut linear trend is not alwavs perceivable in data
seta that suffer from errors . The other factor that may
gontribute to the lack of a linear trend is the assumption that
the mortality pattern of the study population belongs to a known
model family and can be repregsented as a logit transformation of
the standard from this family.

67, Preston{l983) illustrated the application of the method to
data from Korea and India . The same method has been applied to
some sub-Saharan African countries {Venkatacharya and Teafay
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Teklu,1985). The results are shown in table {(4.15) presented
later. The age range chosen to fit the trend are taken as 10-30
and 35-55. FPor the sawe data birth rates obtained by other
methods described in the earlier section are nresented elsewhere

,and may be compared.

68, One other important point observed in dealing with rough
data is that the choice of the age groups in the estimation
purpose by equation (37) affects the results.

69, Preston (1983} in his study thoroughly investigated the
sengitivity of his method to errors in the data. We can
summarize these briefly as follows:

(a} The choice of the points at higher ages in the
fitting of the trend by equation(3l) doces not affect the birth
rate seriously as it is mostly affected by the cluster of points
at the younger ages, whoge mean value is aimost invariant with
respect to errors.

{b} Differential completeness of the two censuses, Iif
invariant with age, does not affect birth rate seriously, but can
affect estimated adult mortality seriously.

(el The most important element that can atffect the
estimation is the net migration. The effect of errors in the net
migration figures used in the estimation of birth rate and adult
mortality depends on the magnitude of the error and the ages at
which this ogcurs --i.e young age or old age . If the errors
ogcur in the age range 15-30 then the estimates are less affected,

(da) Interestingly, the estimation of birth rate is
insensitive to omission of young children , say, aged 0-4,
However, systematic overstatement of ages, especially at higher
agas, affects adult mortality estimates.

{e} ©Errers in the pattern of mortality assumed will
affect adult mortality estimation more than the blrth rate.

(£) The erroxs in the estimated value of 1y are very
important for the estimation of the birth rate. but not for the

estimation of adult mortality. Portupately, in most developing
countries lg is foumd to be reliable.

4.4 PROBLEMS IN THE APPLICATION OF THE METHODS OF ESTIMATION

4.,4,] Problems in data

70. The application of P/F ratic method has been reported to
be successful in the case of Francophone African countries (Brass
et al,1967;Page,l1975) and some Latin American Countries
({Samoza,l981l) but in the case of Anglophone African countries the
results are different. The reasons for the method being not very
successful in these countries could be many, but only some of the
important ones are enumerated here. The failure of the method to
estimate successfully the true level of fertility can be due to
the violation of the bagic assumptions and/or deficiencies in the
data collected.
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71. All the methods described under group A assume constant
fertility preceding the survey date so0 that both lifetime and
current. fertility are comparable., But in wmany developing
countries 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 recommended Py/F;
adjustment is based on certain assumptions. It iz assumed that
wonmen in the age group 20-~24 remember the number of children
borne by them sufficiently. accurately, because such women will
have only a small number of births that could have occurred in
recent years reducing recall error. Further, as such women nmust
have entered into reproductive life in recent years , they do not
form a 'selective' group. Even if fertility had declined in the
years pteceding the survey date its effect on this group will be
minimal. Similarly the cumulative fertility P, which is based
on women in the age range 15-25 is assumed to have only such
errora that will have no effect on the age structure of current
ASFH. In scme situations these assumptions may not hold 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 P/F;
some authors have used means of various combinations of ratios
such as 1/2{pp/Fo+P3/F3) or
1/3(Po/Po+P3/F3+Py/Fy) or weighted average of P/F
valueg with number of women as weights in the respective ages.

74. Before proceeding to further discussion on the methods of
estimation we need to look at the deficiencies in the data
collected.

5. Estimated MNCEB can be affected by errors in the reported
number of bhirthes (numerator) and women of sepecific age groups
{denominatorj. 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, c¢hildren born to another
hueband and children not present at home for various reasons.
There are also factors that may tend to inflate the number of
births by the dinclusion 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
ig8 a tendency for mean number of children steadily decreasing as
age of the women incresases.
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76. Among the 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
hetween 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
gtated' group. Otherwise it is recommended that these women be
used in the denominator ( United Nations ,1983),

11 One of the major problems in Africa is the measurement of
age. Many types of errors are identified and adjustments
suggested (Ramachandran,l1%83; Hoberaft et al, 1982). Certain
types.of age misstatement like random errors do not affect P/F
ratio method, especially when the errors are such that they have
the same distribution at all ages ( Brass et al, 1967). However,
there are other types of errors in the reproductive ages that are
serious. A systematic shift of ages upwards till some boundary
age or age group is reached and a shift downwards thereafter to
the end of reproductive age affects the mean parities. The mean
parities below the boundary age will be undersgtated, the age
group containing the boundary age will be gorrectly reported and
those above the boundary will be overstated (uUnited Nations,
1983}).

8. A very interesting study that brought out a number of
limitations as well as the evaluative capability of P/F ratio
method based on real data was that, using the maternity histories
of the WFS project. As the maternity history data contains two
dimensions , age and cohort, many indices of fertility can be
computed which can be used Lo test internal consistency more
effectively than the situation where we have only data on MNCEB
and BLY. For instance, the P/F ratics can be computed for various
periocdas prior to the survey, for first birth orders and so on. On
the basis of WFS data for ninetesn countries for the most recent
pariod preceding the survey it was obaerved that P/F ratios
computed by duration of motherhood depicted fertility patterns
hetter than the ratios computed by duration of marriage. The
usual P/F ratios for age groups were found to be least effective.
The PB/F ratios by age for Jordan, Pakistan and Nepal 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 yeara., In the case of Malaysia, Fiji, Sri Lanka, Peru,
Mexico, the Dominican Republic, Jamiaca and Indonesia the FP/F
ratios by age were almost constant but when computed by duration
of marriage they showed a rising trend indicating recent declines
in fertility. " A blind applicatjon of the P/F ratioc technique,
a5 originally propounded , would take these rather constant
values by age as being indicative of a measure of dating errors
for the five yeats before the survey and adjust the current
fertility levels accordingly® (Hobcraft et al,1982). This clearly
illustrates the pitfalls in the primary dependence on the B/¥
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adjustment. It appears that the P/F ratio should be used wmore as
a diagnosatic test of internal consistency than an adjustment
factor. Even in this case the analyst will have to be cautious in
interpreting the ratios.

79. Much of what is said about P/F ratios applies to the
relational Gompertz model as they both use the same data.
However, Brase states that the relational Gompertz model {using
Fij/Fj4) ) has certain adavantages. The RGM is fitted using
the data on BLY for the younger age groups only thereby requiring
the assumption of errors being constant for these ages alone and
not for all ages as jies assumed in the origianl P/F method, *
Since the fitting 'averages' the current rates, the estimated P's
are less vulnerable to chance and erratic errors in the measures
at under 25 than with the traditional P,/P; correction.”
{Brass, 1981},

80G. Women who are included in the survey are the survivors of

the cohort of women that entered the reproductive life some years
ago. The parity and other fertility data of the surveyed women
will give representative fertility estimates if the women who
died are no different from those who survived with respect to
fertility performance. If fertility and mortality are associated
then the estimates based on the current survivora will give
biased estimates. Por Xl‘iptame, if we assume that women are
heterogenecus with respect to mortality risks, and are also
heterogeneous with respect to the risk of bearing a ¢hild then
those women who die early will on the average tend to pe of
higher fertility than the survivors. This effect of selectvity
will be more pronounced for women at higher age groups than
younger age groups. It is hoped that heterogeneity of women is
smpall and that as the general mortality risks are low in the
child bearing ages the effect of this on the mean parity,
especially at lower ages, will be small.

81. The other important factor that leads to selectivity when
dealing with sub-national populations or populations with heavy
net migration is the movement of people in the reproductive age
groups. If fertility of the women in places of destination and
origin of migration are different, this selectivity becomes
prominent and the estimated fertility will be affected., Analysis
of fertility seperately by place of blrth or duration of
residence will reduce this error.

82, Retroaspective 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
guestionnaires three pronged gquestion on the number of children
living in the household, elszewhere and dead was asked. It was
reported that this lead to improvement in the reporting of births
in Kenya {1969) ,Uganda{ 1969}, Swaziland{1976) and the
‘Gambia(1973). Still the data on parity was found to be deficient.
Similarly instead of asking the cccurrence of birth in the last
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year, asking the date of last live birth is expected to give
better results on the current fertility. Though these
improvements are theoretically sound due to a number of practical
problems mostly resulting f£rom 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 succesgsive 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 Lecone 1863 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 & 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 upg in some African counktries 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-% 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 U~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-% 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 c¢rude birth rates based on the
populaion under agée ten is much higher than those based on
population under £five and [ifteen. 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 £ age group 10-14 to shift downwards might not be due
to digit preference but to such factors as the minimum age for
admission to schoolsz, physical development and appearance ebc.

85, In situations where the (-4 age group is underreported but
5-9 is overreported, it might be advisable to use the proportion
under ten to estimate the tfotal 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 g
will give the level of mortality as of 6-7 years preceding the
censug. 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.



- 202 -

86. The other serious error comes from the use of rate of
growth in obtaining the mid-period total population which has
been referred to earlier. In Africa, estimated rate of growth
from two censuses is mostly in eiror because of unequal coverage
in the two censuses. In many countries no serious evaluation of
census coverage is dJdone. Indirect methods of evaluation also
suggest that in most cases the two censuses are not of equal
coverage. That is, the intercensal rate of growth ‘might be on
the higher side 1If the coverage of the recent census is better
than the earlier one, a3 we suspect in the cases of Liberia
62-74, Lesotho 66-76, and Malawi 66-77. On the other hand if the
recent o<ensus is poorer in coverage than the earlier one the
reverse is expected which is suspected in such 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 ariges when reverse surviving the
entire set of age groups using a sSelected life table
corresponding to Brass type estimate of 1, (i=2,3 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. Eiperience has shown that orphanhood data
did not give satisfactory results due to a number of difficulties
in concepts in Africa such as fostering, age reporting. There
are also some technical difficulties like more than one child
reporting the 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 TYables for many sub-Saharan
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 1y
with age as in the models we know s0 far (Cantrelle, 1974;
Garenne, 198l). Although it is 4ifficult to ascertain whether
the mertality curve at early ages in sub—Saharan Africa forms a
convex curve, indications are that the existing model life tables
may not cover the patterns of mortality in the region.

83. The reverse projection of population of all the age
groups, unlike the rate of growth method, tends to exaggerate the
net census. coverage error.

9, Some of the errors discussed above are not peculiar to
reverse survival methods, but are also applicable o stable
population methods.
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91. No population is strictly stable. Pertility can vary due
to factors as recent wars, epidemics, famines etc. Age and gex
selective migration through its effect on age sex distribution
and more particularly its impact on family formulation and
fertility levels could affect the age-sex distributions. Though,
less significantly, the declining wmortality also affects
stability.

32. Due to errors in the data, it is difficult to identify an
appropriate model satable population to¢ represent the satudy
population, even though the study population is in fact stable.
This is because, the characteristics 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 aex, knowledge about the
patterns of moratlity is necessary, which is difficult to obtain
in the context of developing countries.

94, Therefore, in order +to obtain reliable Dbirth rate
estimatés we need to choose those population charactersistics
that are 1likely to be lessg affected by the various errors
mentioned above. Secondly, 1t is als¢e necessary that the
charactersiticas chosen are such that they serve to identify the
appropriate stable population. In other words, the
characteristics used are such that, the birth rate estimated is
nearly invariant to the type of model life table system selected.

85, There are many methods used in the past in matching a
model stable population to the population under sgtudy. But a
method suggested by <Coale satisfies the above two desirable
properties, This is the method of selecting a model stable
pepulation using C{15) of both sexes and ls. The birth rate of
auch a model stable population, surprisingly gave accurate
estimates of birth rate even when the population in gquestion is
far from stable.

4.4.3 Direct Studies of Errors and Biasgses:

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 the 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 33 tape regorded
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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gquestions on children at home, elsewhere and dead. Similarly in
more than 50% of the cases no effort was made to see that the
¢hildren are not adopted ones.

4.5 Estimates of Fertility for some countries South of Sahara

{a) Fertility estimates using data on MNCEB and BLY:
8. In Table 4.14 the P/F ratios along with the estimates of

TFR derived by various methods described in section 4.2 for some
countr'es in Africa are shown.

99, The P/F 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 partly due to small number of
births in that age group., For countries such as Kenya{l978),
Lesotho (1971}, Libya{1973), cCamercon (1978}, 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 underliying assumptions of the method.

106, PFor countries such as Ghana{l9%71), Renya{l96%}, Tanzania
{1973), Ethiopia(l1970), Malawi{ 1972, 1977), Swaziland(1976) and
Botswana{l971) the ratios for the age range 20~35, on the
average, are between 1 and 1l.2. Demegraphers consider this value
as an indication of reasonably good data considering the
magnitude of errors expected in African data.

101l. The ratios for the countries such as the Sudan(l1973),
Swaziland(1966), Zambia{l974) and Uganda(l9869) tend to be in the
neighbourhood of 1.3 for the age range 20-35 and the data should
be considered defective or the underiying assumptions are
violated.

102. Taking a P/F ratico of 1.2 or lese as an indication of
reasonably good data we note that 12 cases cut of 20 studied show
that the data are useful.

163. The +&otal fertility rate estimated by the two formulae
{P3) 2/p 2 and Pa(Py/P3 4 are close in the cases of
Tanzania {1973}, Uganda{l963) and Ghana{l971}, but in most

cases they give different results. For a number of countries the
two values fall on either side of the reported parity for the age
group 45-49.
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Table 4.14

The Values of B/F Ratios and Estimates of TFR by Various methods

SQUTHERN AFRICA

*

*

Malawi Swaziland Lesctho Zam Bot
72 77 HYP 66 76 HYP 171 79 Hyp 74 71
Age group P/F Ratios
15~19 .88 1.62 .88 1.61 1.20 1.21 1.10 3.77 3,77 1.83 1.08
20«24 1.17 1.36 1,52 1.54 1,25 1.26 1.07 1.22 1.22 1.84 1.22
25-29 1.20 1.23 1.42 1.36 1.23 1.24 1.18 1.0 1.15 1.29 1.17
30-34 1.13 1,21 1,36 1,26 1.2% 1.25 1.06 1.03 1,14 1.37 1.16
35-39 1.14 1.15 1.32 1.17 1.20 1.25 1.06 .98 1.10 1.23 1.09
40-44 0.91 1.10 1.25 1.1% 1.17 1.27 1.04 0.96 1,09 1.01 1.04
4549 1.04 1.10 1.19 1.12 1.12 1.29 0.97 0.96 1.08 0.96 Q.97
Estimates of Total Fertility Rate by Coale-~Demeny and Brass
CO-DE * 7.1 6.4 7.6 5.5 6.2 6.3 5.% 4.8 6.4 5.2 5.8
BRASE * 6.0 8.0 8,3 5,9 7.4 7.2 5.1 7.7 6.4 13.0 6.5
Pay* 6,9 6.9 7.8 5.7 8,3 7.2 5.1 5.4 6.1 6.0 5.6
Estimates of Total fertility Rate by P/F Ratio Method
(P/F)* 7.8 8.9 10.1 8.0 7.1 7.1 5.6 6.9 6.9 10.5 .1
(?/F)z* 7.3 8.5 9.8 7.% 7.0 7.1 5.6 6.3 6.7 9.4 6.9
(P/?)3* 7.8 8.3 %.6 7.2 7.1 7.1 5.6 6.,)1 6.6 9.2 6,9
(B/F)y* 7.8 8.0 9.3 6.8 7.0 7.0 5.6 5.8 6.5 8.5 6&.8
Estimates of Total Pertility 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 5.8
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 6.3 =~ 5.4 5.4 -~ 6.9 6.5
* Notes: Zam-- Zambia Bot~=- Bobswana
CO-DE -— Coale-Demeny Formula= (P3)2/P,,
BRASS — Brass Formula = (Pz).(P4/P3)4,

Py -- Reported MNCEB for women 45-49
(P/F}y — Using P/F3,

{(P/F}z == Using 1/2(Py/FPy+P3/F3}
(P/F}3 —— Using 1/3{P3/Fz+P3/F34P4/F4)
(P/F)y —— Using 1/2{P3/F3+P4/F4),

RGM(P} ~—- Brass RGM using P{/Pj;1,
RGM(F) -~ Brass RGM Using Fj/Fis1,
UNP ~— United Nations Projections
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Table 4.14 (continued}
The vValues of P/P Ratios and Estimates of TFR by Various wethods

------ EASTERN AFRICA=~w—wwwemme -~NORTHERN AFRICA--
Renva Tan* Uga* Eth* Lib+ Sudan
63 78 HYP* 73 69 T0 713 I3 18 HYp*

Age group B/F Ratios
i5~19 il.64 .88 .88 1.30 1.44 1.23 1.00 1.57 4.00 1.36
20~-24 1.3% 1.01 1.01 1.18 1.42 1.15 1.08 1.44 1.79 2.04
25-29 1.22 1.03 1.03 1.10 1.27 1.10 1.04 1.28 1.21 1.54
30~34 i.17 1.06 1.05 1.67 1.17 1,10 1.00 1.18 1.17 1.47
35=-39 1.10 1.04 i.05 1.01 i.08 1.07 1.00 1.11 1.11 1.50
40-44 1.01 1.0 1.067 .92 .96 1.03 .97 1.00 1.01 1.53
45~4% «93 .99 1.10 .89 .94 1.04 .96 .94 .57 l.64

Estimates of Total 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 B.7 8.5 5.8 5.8 5.6 7.8 5.6 10.3 10,1

p?, 6:1 ?09 8.8 509 &oe 501 ?06 ‘08 5;3 9“

Estimates of Total Pertility Rate by P/F Ratic Method
(P/F)1* 8.9 8.1 8.1 6.6 7.6 5.7 8.7 7.5 11.1 11.7
(P/F}o* 8.5 8.2 8.2 6.4 7.2 5.5 8.5 7.1 9.3 10.3
(P/F)3* 8.2 8.3 8.3 6.3 6.9 5.5 8.3 6.8 8.6 9.6
(P/F)4* 709 804 8.4 691 606 504 8.1 6." 194 306

Estimates of Total Fertility Rate by Brass RGM
RGM(P)* 6,8 8.3 8.1 5.8 5.% 5.3 7.4 5.4 8.1 9.3
RGH(F)* 7.7 7.8 7.8 5.8 6.7 5.2 8.2 6.5 B.8 9.3
Estimates of Total Fertility Rate By U.N.Projections
UEP ?06 8!1 had 5:5 ﬁﬂl ﬁg? ?i‘ 6:6 6:6 -
* Notes: Tan~- Tanzania uga-— Uganda
Eth=-- Bthiopia Lib-~ Libya
HYP-- Using Hypothetical cohorts
CO-DE =-- Cocale-Demeny Formula= {?3}22?2,
BRASS — Brass Formula = (P3).{(P4/P3)%
Py ~= Reported MHCEB for women 4543,

(p/F}; - Using P3/F3
{(P/F}y -—- Using 1/2{Py/Fy+P3/F3},

(P/F)3 — Using 1/3(Py/Fp+P3/P3+P4/Fy4)
(P/F}4 — Using 1/2(P3/F3+P4/Fy),
RGM(P}  ~~ Brass RGM using P{/Pj,j,
RGM(F) -~ Braas RGM Using Fj/Fj41

UNp - United Nations Prodjections
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Table 4.14 {(continued)
The Values of P/F Ratios and Estimates of TFR by Various methods

WEST AFRICA
Ghana Gam* Cam* Nig*
71 78 HYP* 73 78 78

Age group P/F Ratios
15~1% l1.09 .76 .76 1.28 1.18 .50
20-24 1.19 .98 .98 1.29 1.06 1.06
25-29 i.,16 .98 .87 1.22 .99 1.83
30-34 1.19 1.01 .97 1.20 .99 .99
35~39 1,15 1.07 1.00 1.20 .95 .9%9%
4044 1.13 1.06 .96 1.09 .81 .87
4549 1.106 1,08 .93 1.97 .86 .93
Estimates of Total Fertility Rate by Coale-Demeny and Brass
O0~DE * 6.1 5.3 5.2 5.5 5.1 5.8
BRASS * 7.9 7.0 8.1 6.2 6,6 5.9
Pqy* 6,4 6.7 5.8 5.4 5.1 5.8
Estimates of Total Fertility Rate by P/F Ratio Method
(P/F) * 7.0 6.2 6.2 6.4 6.3 6.7
(P/P}}Z* 609 602 6#1 6»3 6.1 6«6
(P/F)3* 6.9 6.2 6,1 6.2 6.0 6.5
tP/F}q* 5a9 5-3 S*l 6:1 ch &n“
Estimates of Total Fertility Rate by Brass RGM
RGM(P)* 6.9 6.0 5.% 5.9 6,1 5.6
RGM{F}* 6.8 5.9 5.9 5.9 35,9 é.1
onp 8.7 6.7 =~ 6.4 - 5.9 -

* liotes: Gam-~ Gambia, Cam =-- Camerocon, Nig - Nigeria
HYP~- Uaing Hypothetical cohorts

CO-DE -- Coale-Demeny Pormula= (P3)2/P,,
BRASS -- Brass Formula=(P;).(P4/P3}4,
Py ~= Reported MNCEB for women 45-43,

(P/F)) ==~ Using Py/Fy,

(P/F)y —— Using 1/2(Py/Fy+P3/F3),
(P/R)3 ~= Using 1/3(Py/P+P3/F3+P4/F4),
(P/F)gq -— Using 1/2{P3/F3+Py/Fy),
RGM(P)  -- Brass RGM using Pi/Pj4)
RGM{F}  ~~ Brass RGM Using Fi{/Fj41,
UNP -~ United Rations Projections
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104. Four types of adjustment factors based on the P/F ratio

for the middle age groups are alsc shown in the Table 4.14. They
are

Po/Fo, /(P /Fy+P3/F3), /3{P/Fa+P3/F3+P4/Fg)

and 1/2(P3/F3+P4/F4). In general TFR estimates show a
declining trend as we proceed from the first type of
adjustment to the fourth type. For Libya{l973}), cGhana{l971),
Ghana{1978}, Kenya{1969), Gambial(1973), Cameroon{1978),
Tanzania{l969), Ethiopia(ld970), Malawi{l972}, Swaziland{(1976),
Legotho(1971) and Botswana(l971) the estimated values are close
to each other.

105, Towards the bottom of the table, the estimated TFR based
on the fitting of RGM are shown. In RGM{P) the model is fitted
to parity data alone whereas in RGM(P) the model is fitted to
current fertility data and then TFR is derived. There are
various approaches to the fitting of the model depending upon
the age groups used and the estimation procedure applied. The
values of TFR shown in the table are those obtained by fitting
the model to the age range 20-35 by the least squares
mathod.The estimated TFR derived by the two types giva
different results in most of the cases, In the method RGM(P)
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
RGM{P} the age pattern is deduced from the parity data itself.

106, Let' us first consider the cases that showed better P/P
ratios. In the case of Kenva(l969) the RGM gave an estimate of
PR which is on the low side whereas B/F adjustment tends to
give a value of 8.2, which is believed to be near to the truth.
For Renya{l1978) the TFR estimated by P/F method and RGM(P) give
very close results. But the estimate based on RGM{(F) is on the
low side possibly due to the effect of the reference period
error being variable by age. The most plauasible 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 P/F ratio method., The estimates of TFR for
Libya in 1973 look to be slightly overestimated by PB/F ratio
adjustment, and also by RGM{F}. The true value may be slightly
lower than B, and about 7.5 which is closer to RGM(P). The UNP
eastimate of 7.4 is close to this. For Ghana{l971} the estimates
of TFR obtained by using P/F 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{l978) the estimated
TFR by P/F ratio method and RGM are quite close and indicate an
estimate of 6.0 which is lower than the eatimate for 1971. If
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we treat this estimate as correct then we have to accept a
reduction of 1 birth in the TFR during the seven years 1971-78,
which looks implausible. The estimate for 1978 looks te 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 £rom errors. For Lesothe {(1971) the
estimated total fertility by the P/F ratic method gives a value
of 5.6, the RGM(F} gives 5.4 and UNP give a wvalue of 5.4 and
all values are guite close to each other.The estimate by RGM{P}
of 5 is on the low side. For Camercon (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 Bthiopia{l1970) gives a TFR quite close to %.5 by both B/P
method and RGM, but the UNP gives a value of 6.7. It appears
that both the lifetime and current fertility data may be
suffering from omission of children as a result of which the
estimated TFR is low. For Malawi{1972,1977), Swaziland{1i$76],
Botswana(l971l), Tanzania{l973), Kenya{l963) and Ghana (1978} it
was found that the TFR westimated by RGM tend to give values
lower than those estimated by P/F ratio method. In some cases
the UNP 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
P/? ratio method and RGM enclose the true estimates of TFR
between them.

109, Table 4.14 also presents the results for hypothetical
cohorts for s8ix countries having data on MNCEB and BLY at two
points of time. Let us look at the countries one by one. Renya
has requisite data for 1969 and 1978, the first one a census
and the second one a survey. For the computations the
intersurvey period is treated as ten years. The P/FP ratilos
obtained for the hypothetical cohorts experiencing intersurvey
cumulative and current fertjility rates are found to be very
cloae to that of the recent survey of 1978. 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 estimates 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 intersurvey parity
increments of fertility. In the case of Ghana the same pattern
is observed, and the estimated TFR for hypothetical cohorts
based on P/F ratio and RGM(F) are close to 6. It appears that
the reported MNCEB and BLY in 1978 suffer from underreporting,
a point mentioned earlier. In the case of the Sudan the data
from the 1978 survey indicate errors, consequently the P/P
ratios and the estimated TFR for hypothetical cohorts are found
to give erratic and high estimates by various methods.
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110. It is interesting to note that the three countries that
gave reasonable values for TFR 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 turn are obtained by differencing parity data, a
ten~year intersurvey period may 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

111. Estimates of birth rates by methods that assume stable
conditions are not shown here, as the recent methods which are
described in the earlier sgections are wore general in that they
do not reguire 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 1, or 13
or 1l gave values lower than the expected true values.

1i2. Prom 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 proijecting 5-9 population. This could be
explained by the omiasion 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 true 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 wvalue of the three birth rates
abtained by reverse surviving 0-4, 5-9, 10-14 give values
{eolumn 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 &
and 7. For most of the countries the birth rate obtained by
these two methods are close to each other., Por Liberia, Kenya,
Tanzania, Lesotho, Swaziland and Libya the birth rate based on
population under 15 is slighlty higher than that obtained on
population under 10, But the differences are small.

1i4. 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 HRations,
1983, Coale, 1981). However, the comparison of birth rate
obtained by this method, with other estimates in columns {(Z) to
{6) should take into account the fact that the estimated birth




Table 4.15:

The estimates of birth rates obtained by various methods

for nine African countries having two censuses.

Country Birth rate by treverse survival of age group Birth rates by Coale Birth rates on
derived methods generalized stable
g~4 5-9 10-14 Mean 0-9 0-14 equation
br be by b'y b b*y
{1} (2) (3) (4) {5) (6} {7) (8) {9 (10) (11) {12} (13}
Ghana 47.0 50.6 45.9 47.8 48.9 40.3 49.7 Bu.4 50.0 47.2 48,1 55.1
Liberia 3%.3 48.7 44.6 44.5 44.3 45.2 4.8 45.2 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 65,8
Kenya 45.4 50.3 Bl.s 49.1 48.1 49.9 49.2 49.9 49,7 486.0 48.4 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 58.1 50.0 48.7 49.90 56.9
L.esotho 33.7 35.8 41.2 36.9 34.%  3r.1 36,9 37.6 37.9 36.9 36.5 42.0
Swazi-
iand 43.2 48.8 50.1 47.4 46.6 48.1 47.4 48,1 47.7 47.1 47.0 53.2
Libya 52.1 58.1 52.1 54.1 55.4 55.64 54.5 55.4 55.3 58.3 57.8 64.1

- T1Z -
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rates in all these columns do not refer to the same time. If t
denotes the census year then columns (2), (3} and (4} give
birth rates that refer to {t-2.5}, (t-7.5) and {(t-12.5) years
respectively. On the other hand the birth rates in column (8)
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
pe 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 during thia period the
comparisoen of birth rates betwesn 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 eqgual for
all the countries in the table. This is not surprising as it
has been shown earlier methematically 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 c¢olumn ({9} the
coefficients for u and v in equation {Z8) are taken from Rorth
Family in Table 4.12 whereas in column {10} the values ¢f u and
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 ¢olumn
{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 cbtained by reverse surviving
the population under 15 or the birth rate obtained through the
use of Model Stable and Life 7Table Populations (Coale method)
give similar results.

118, The birth rates obtained in columna (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 bicth rates in columns (ll) and (12) are obtained
by using the population under age 15, the intercensal rate of
growth for age groups 6-4, 5~9 and 10-14; and a life table that
has an lg value estimated by Brass type indirect estimate.
The birth rates in column (13) are obtained by using the age
distribution of the &wo censuses and Brass type indirect
egtimate 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 same basic data in two
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different ways. Comparison ¢f birth rates in columns (11} and
{12} indicate very close agreement. Comparison of these values
with those in column {(8)~ (10) indicates that the former birth
rates are generally higher than the latter values. We notice
that the two methods use the same c(15), and ls. 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 16~14 are used. ‘Therefore we can
attribute this slight underestimation of the birth rate by the
use of generalised stable eguations to the errors in the
estimated age specific rates of growth. The birth rates in
column {13} 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 £¢0 <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 Leons and Liberia have larger
errors than other countries and it is especially imn these cases
the birth rate 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 4.1% 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 bhe
glightly on the Jlower side { e.g. Kenyal. This c¢learly
indicates that the use of ¢(15) instead of the entire age
distribution gives birth rate estimates which are more stable
in poor data situvations whether the equations used are based on
stable or generalized stable populations.

121. PFrom all the various estimates prosented in the table,
the values obtained in c¢olumns {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 eguations {28) and (2%) is very useful in this regard,
as it dees 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 gituation 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 sgituation. Since planning is
coreerned 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 Demodraphic Projections

2. The emergence of newly independent states in the African
continent during the Jlate 1950's and early 13%60's stimulated
among national governments the formulation of development pians
designed to overcome poverty and under-development. The
objective that featured in most of these plans was to satisfy
the current and future needs of the population in the areas of
health, education, housing, employment, eta, using the
available human and material rescurces. 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. Tne tagsks of defining goals and the selection and
determination of available means to achieve them are nade gquite
simple by translating them into guantitative 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 naticnal cutput that can ensare 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 btotal 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
gsatisfaction of the basic needs of the population has added new
dimensions to the importance and role of demograpic
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projections. Basic needs planning require projections of the
releveant target population groups, who in the planning process
congtitute consumers on one hand and producers of goods and
services on the other.,

5. Efficient planning of future investments Dby both
government and enterprises requires not only urban and rudral
population projections but also considerable detailed
projsections at sub-national levels. Planning in the
educational sector involves development of adequate teacher
training programmes, construction of scheools and coileges, and
provision of classrooms, books, ete., The guality of decision
in thege areas 1is extremely dependent on the guality of the
available demograpnic projections of the target population,
i.e, the school-~age population at variocus 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
socjo-economic sub-groups eof the population thus enables
planners to pursue a greater number of obJjectives, consider a
larger number of policy options and render planning responsive
to the needs of the population (Pyatt and Thorbecke, 1376},

6. In view of the fact that population c¢ensuses and surveys
are costly affairs, they cannot be undertaken at every time and
for every detalil reguired 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 teo 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-census years
of the plan period are obtained, in effect, by means of
projections.

7. guite gagpart from their use in planning, demographic
projections shed light on demographic processes and present the
net results of interactions Dbetween 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 of 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 economi¢ c¢ondition 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 alsoc a matter for serious concern in
these cgountries, Conseguently, population policy-making is
gradually being institutionalized as an integral part of
development planning. In the formulation and impilementation 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 usged to sound a warning
of where present trends could lead, unless something is done to
avert the situation. In this connection, the projected figqures
are usually considered in conjunction with other information on
urbanization, on population density, on avialable land and on
agricultural and indastrial development. Demographic
projections also serve the purpose o¢f highlighting the
gsensitivity of wvital rates to an on-going or a proposed
population policy-oriented programme {EKeyfitz, 1984).

5.2 TYPES OF DEMOGRAPHIC PROJECTIONS

3. Demographic projections can be undertaken at different
levels and for different segments of the population, for
example, at a yglobal 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 gqrowing ©population on limited agricultural and
industrial resocurces 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.4.), for
example, has since 1950 published glcobal projection figures
under the title "World Population Proaspects®. 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, 1987}.

10. Originally these global estimates served the purpose of
illustrating the implications of the unprecedented growth in
world population which was brougbht about by a decline in
mortality accompanied by little change in the high level of
fertility. However, because of the lack of expertise,
deficiency of existing population data and the inasbility 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 components of population change taken into
account in national population projections include fertility,
mortality and international migration. Mast national
development plans and population policies are formulated 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 gize and structure of the population
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are affected not only by fertility, mortality and international
migration, but 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
esgential to obtain projected population by sectors or
sogio—economic groups. Such specialized projections include
these of the labour force, agricultural population, school
enrclment and educational attainment and  household and
families. In addition to demographic components of population
change, departure from and entry inte 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, achool
enrolment rates, grade progression rates, household headship
rates, etg.

5.3 TECHNIQUES QF POPULATION PROJECTION

13. A number of mnethods thaVQ been developed for assegsing
future population size and structure. These methods differ
from one ancther in the different circumstances in which they
are applied. The determination of the method to be used in a
particular situation depends on the duality and detalls of
available population data and the purpose which the estimates
are expected to serve. Two main methods, the mathematical and
the c¢omponent method of demographic projections are of wmore
general application. However, other hybrid methods, such as
the ratic 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 oathematical 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 req{sters, the
method can easily be used for projecting for future size of the
populatcion.

15, Mathematical projections are based on assumed laws of
population growth. Where the size of population is postulated
as a function of time, for egample, a polynomial function can
be used to derive the projected population at time t years
after the basge period, i.e.

Ptma‘i‘ht*'ctz*&t’%”"o-' 000(1}

The values of the constants a,b,c,d, ... are usually estimated
from past census results by an appropriate technigue, such as
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the least square method. As early as 1891 Pritchett fitted a
poelynomial of the third degree to the 1790 to 1880 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
geomebric curves

Py = Py (l4n)t enel2)
and
Pt - Poe re it.{g}

wnere r is the observed rate of growth of population, t, the
number of years after the base year and P,, the size of the
base year population. In this case, the increase of population
iz expressed as a function of the size of the population and
the rate of growth of population is assumed to be congtant 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.

i%. The attempt to find a mathematical expression that
adeguately describes the laws of population growth over a long
period of time led to the development of the logistic curve

1 + exp {(atbt) eve{4)

where t is the number of years, a and b are constants. K is
the upper asymptote of the courve, Fitting a logistic curve
requires a large number of observationg covering a long period
in order to determine values of the coastants., 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 3ize 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 lieg 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 hag 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
py social and economic forces. The mathematical projection
method carries with it the implicit assumption that the social
and eceonomic facters 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 Jlonger the span of the projection petiod, the
more unreliable will be the results of projection by the
mathematical method.

The Ratic Method

19. The ratio method of population proljection is specific to
the projection of the population of a sub-area of the national
population. As its name implies, it merely provides projected
gsets of ratios which, when multiplied by already projected
national figures, vyield 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 oonvenient for projecting the population
of regions, divisioas, 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 to hold the fecently 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 sub-area to national population cannot decrease
or increase indefinitely, it is necessary to ensure that in the
medification of the observed frends for the future, the
percentage distributions approach a stable state in the long
KU«

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 naticnal 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. Howevey, the problem of the
application 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 basgis of such few number of obsgervations can bhe
very misleading in determining the future trends in the growth
of sub=area populations.



- 224 -~

Economic Method

22. Population growth cannet be entirely separated from
changing economic conditions. A number of studies have shown
that internal movement of population is influenced to a large
gxtent 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 proiection c¢an 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 indugstries are sited, new mninesz
gperated or a new ecapitali ¢ity is established, population
projection can lend itself to the economic method. In this
case the new establishments or projects are first related to
expected labour force growth, or employment opportunities. Het
migration resulting £rom 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 typs of
relationship that exists for example, between labour force or
employment opportunity and net migration. There will also be
the need to make asome assumptions about what the future trend
in the relationsghips will be during the projection perieod.

Component Method of Proijection

26, The component method of population projection involves
projecting separately the three components that are responaible
for population change, namely, mortality, fertility and
migration. The projected components are then applied to the
pase 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
ptojected 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 technigque 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
goico-economic changes and the population policies expected to
take place over the projection pericd, the assumption about the
future course of the components can be made,

28, In the application of the component methed, 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 subsegquent age groups.

29. Population projection by the component method involves a
sequence of computational steps. In the case where the base
population is clasgified by sex apnd five-year age-groups, the
population structure is modified over each five-year interval
to allow for assumed mortality and migration conditions. 1In
addition, the number of births reflecting the fertility
agsumptions is computed for each interval and further modified
to allow for mortality and migration, The process yields the
age-gex struckture 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 satisfy basic
needs of certain segmentg of the population. These features
make the component 1method particeularly useful in  the
integration of population variables in development planning.
It is important te 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 METHODROLOGY POR NATIONAL POPULATION PROJECTION BY
THE COMPONENT METHOD

5.4,1 Inputs Required for National Population Projection
by £he 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-~seXx structure of the population from the most
recent population census. Eiperience has shown that in most
developing countries- especially those of Africa- available
population census data are defective due to under-snumeration,
over~enumeration and/or age mistatement. They should therefore
be first evaluated and where the nature and magnitude of the



- 226 -

defects are suspected to be serious, attempt should be made to
adjust the data Dbefore any preliminary projection is
undertaken. Where possible, the adjustments should remove
errors of coverage and age reporting. To ¢arry out the
adjustments, it will be necessary to utilize the techniques
already dealt with in the earlier sections.

32. The base year populaion age-sex structure used for
compenent 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 vyears. Consequently deriving the
base year population age-sex structure as an input may regquire
a preliminary projection to bring the most recent census data
up to the mid-point of the base year. Aan 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
iz then obtained by interpolating between the intervals just
before and after the base year. This type of preliminary
projection will ofcourse require appropriate assumptions
regarding fertility, mortality and migration or the age
structure and growth rate of total population.

33. A second type of input reguired for projecting population
by the component method congists of detailed information on the
past trends, current levels and patterns of wvital rates,.
Various methods of estimating these rates have been dealt with
in the eatlier sections and will therefore not be discussed
here, However, the type of indices of past and current levels
of vital rates reguired as an input will be treated. For
population projection by the component method, fertility iaput
should preferably be specified in terms ¢of gross reproduction
rate or total fertility rate along with the age pattern of
fertility rates. gimilarly, past and current levels of
mortality are most convenient for component projection if they
are prepared in the form of eXxpectations of life and age-sey
specific mortality rates or survival rates. Where the nature
of data permits, international and internal miy. ation data
presented in terms of annual or dquinguennial net gains/losges
should be preferred., fThe value of the sex ratico at birth is
also needed to enable the sgplitting of total birthr into male
and female births. The utilization of existing information on
recent trends and current levels of mortality, fertility and
migration makes the formulation of assumptions about their
future trends a less hazardous exercise.

4. The third type of input reguired 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
acgount 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 c¢hanges 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
courge 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 internaticonal
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 account domestic labour requirements,
dgomestic labour force and implied need for foreign workers.
However, c¢hanges in the direction and volume o0f flow of
international migration are highly unpredictable.

5.4.2 Assumptions and Techniques of Projecting Vital Rates

35, as mentioned ealier, ©population projection by the
component method involves 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 wmade 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
extrapelation using appropriate mathematical formulae; by
reference to model life tablea 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, 1life table functions can be projected by the
use of a mathematical formula. One such formula is represented
by the eguation:
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it
qx;ﬁ = ax + bx Lxe {ﬁ'(r‘:l) »&-(5)

where dx,n is the probability of dying at age x in the year
n, by reflects the level of mortality at age x at a
particular point in time, r; takes account of the improvement
in mortality at age 2 over time, while a, represents the
ultimate level of mortality at age x (ay, by> e).

38. The ultimate level of mortality, ay, <¢an be estimated
with reference to its value in countries that have attained the
lowest level of mortality such as Norway and Sweden, where asg
the values of by and 1y are obtained from trends in
mortalicty in the country of interest, For exanmple, the
improvement factor, r, can be estimated for various recent
years by using the following between the years t and t+n:

After comparing the esatimated ry at neighbouring ages, a
reasonable value of ry is chosen for extrapolation purposes
and the projected probability of death at age %, is then
calculated using equation {5).

39. A graphical approach can also be used in projecting for
each selected age, where the observed probability of dying ag
age X in the year n, dx,m is plotted agianst m, preferrably
in a semi-~log graph paper. A snooth curve is drawn
representing the observed trend in dx,m over the years, the
trend jis then extrapolated graphically to vield the projected
probability of dying at age x in the year n, Qg p. 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 itg application, a lot is left to
the discretion of the demoyrapher especially with regard to the
final choice of the improvement factor, ry. Begides, the
method takes no direct account of other relevant information
which may be available to the demsographer, such as the trends
in mortality by cause and the suspected reasons for these
trends.

41, A number of developed countries with detailed reliable
mortality data covering several decades have been known to
apply these extrapolation methods {e.g. United Kingdom,
Canada, Australia, etcg) However, +their application in the
African region is fraught with problems mainly because of the
paucity of reliable mortality data. &aAs far as is known these
methods of mortality projection have not been applied in
African countries.

42. A =mecond method of mortality projection is by reference
te a lew of mortality. A few of such laws dealing with adult
mortality include that of Gompertz:
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Py = B* e (7}

where the force of mortality. Px 1is defined as the negative
differential of log (1-q_):

or one due to Makeham:

Fx= A+ H_+ Be™ ... (8)

and one due to Barnett of the form:
X
= - e 9
q /P = A - H_+Be (9)

Tn each of thege laws C> 1 and is approximately 1.08. Recently
Heligman and Pollard (1980) proposed a formula which takes inteo
account child and adult mortality:

[s4 *
a /P = A GE*B)7 | D oexp (-E (dn (/) ) + GEF  ...(10)

The first term raflects earlv childhood mortality, the second
term accident mortality at the vounger adult ages and the third
a term Ffor old age mortality.

43, A Campbell of the US Bureau of the Census gave a mortality rate
projection method based on the formula:

L] m‘ \l
mx,t ( Ty, 0 mx,OU Y exp ( bxt )+ mx,eﬂ .

where LI is the projected value of mortality rate at age x and time t,
e

mx;a is the base mortality rate at age x,

mxﬁﬂe iz the expected value of mortality rate In the remote future and
¥

bx ig a negative constant depending only on age x.

Camphell gave a set of ™ 00 values. The values of bx are obtained from past
2
trend of m values of the country. He alsc suggested that n_ gn Can be taken
3>

as ene half of values alreadv attained by lowest mortality countries like
Horway of Sweden.

44, Vhen the profection of age specific mortality is attempted with reference
te any one of these laws, the curve representing the law is fitted to the
observed age specific mortality rates at each of several different epochs

(e,g, b» least square or maximum likelihood). Trends in the parameters are
then extrapelated to provide estimates of parameters at future periods of time.
Projected age specific mortality rates are obtained by substituting the values
of the paramaters at the varlous ages into the formula describing the law.

45, Fxamples of the application of the "law" of mortality of the projection

of age specific mortality rates are few, Cramer and Wold applied Makeham law
exensively to Swedish national mortality data (Cramer and Wold, 1935). Heligmar
and Pellard fitted theiy eight parameter curve to Australian mortality data at
three 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
find 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 that the variations in the parameters may rnot
follow a discernable pattern over time. More pertinent in the
case of developing c¢ountries of Africa iz the fact that the
wethod cannot be applied when mortality data are non-existent
or available only for a single epoch.

47. Age sgpeciic mortality rates can be projected by reference
to model life tables such as Coale and Demeny (1966), Brass
(1971), and United Nations {(1982). fThese 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 ancther
with respect to the number of parameters involved.

48, The projection of mortality by reference to model life
tables involves first, 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,{g O}, it will be necessary to select the appropriate
model which 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,? is measured
or obgerved at each year or epoch. Any trend in the parameter
iz extrapolated by mathematical formula to provide estimates at
future epochs. Projected age specific wmortality rates are
obtained by interpolating, where necessary, between model life
tables.

43. In African countries where data may not exist over a long
periocd for the determination of the trend in age pattern of
mortality, the Coale and Demeny North model life tables, which
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 1973 projectionsa
that guinguennial gains in life expectancy at birth,% p
tend to approximate to between 2 and 2.5 years whent: is
lees than 55 vyears and ko6 slow dJdown thereafter, does not
necessarily have to hold for all populations. Por a number of
countries, non-decreasing gaing in life expectancy at birth, or
gains exceeding 2.5 years may prevai)l 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
geen that the alternative models I, Il and II1 differ in the
assumed rate of improvement in mortality conditions: rapid,
moderately rapid and slow improvements in mortality
conditions. The assumed jmprovement in mortality cenditions
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
chooging 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

o o
Current e, Averade annual increase in e, in years
in years 1 II T1x
Less than 60 2.60 0.50 0.40
60-62.5 0.60 0.50 0.40
62.5 - 65.0 0.60 0.50 0.40
&5-3 "6?‘5 ﬂ.52 0050 Qa4ﬂ
67.5 - 70 0.44 D.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 g.20
77.5 - 80 .14 0.14 0.14
80 -~ 82.5 0.04 G.04 0.04

Source: Beonomic Commission fof Africa, Report of the Regional
Training Workshop on BDemographic Estimates and
Projections in Africa. Vol. 1, Addis Ababa, 1986,
Table 52(b).

52. Other methods of projecting mortality include proijection
by reference to an “"optimal® life table attainable under idsal
conditions and projections by cause of death. In the former
technique, a suitable optimal 1ife table attainable under ideal
condition is selected from those developed by other
regearchers, 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 guickly it
wil do s¢ by the use of a mathematical formula. The projected
mortality at epoch n is then c¢alculated.
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53. The method of projection by cause of death involves
" caleulaing 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 any one
of the mathematical or gyraphical approaches described earlier.
The projected age specific mortality rates by cause of death
are combined to obtain the projected mortality rate at the
selected ages,

54, The choice of method 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 which 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 where
they exist, the data may refer: t¢e 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 those admitted in hospitals. In the
circumstances, most mortality projections in African countries
are undertaken by reference to model 1ife 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 the future trends in fertility
require reasoned Jjudgement. In preparing such assumptions,
past and current fertility trends in each country are carefully
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
sxperiences of West European and North American countries with
regard to decline in fertility will be duplicated in present
high fertility areas of the world. Social and economic
development will bring with it a lowering of the level of
fertility. However, the problem with the application of this
logic lies on the timing of the onset of decline and in the
determination of the rate of decline (BCA, 1986)}. In countries

where fertility rates are already low, the transition from high
to low fertility took between 80 years in Western Buropean and
North American countries to less than 50 years in East Asia and
some smaller counkries of Latin America and Africa,

56. With regard to family planning programmes, most African
countries have accepted the need £or population policies
deaigned to reduce fertility. A survey conducted by the United
Hations in 1980 revealed that at least 12 African countries
regarded their fertility rate as too high and had designed
policies to reduce the rate. 1In the circumstances, projected
trend of the level of fertility should be that of a decline at
some future point in time, with the onset and the tempo of
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decline determined by the effectiveness of family planning
programmes.. -and  .envisaged - c¢changes ia the - socio-cultural
condit1on§ -in the country -ynder consideration.

53, ?o: comgnnent QKOJEQtZGn purposesd, the: projected trend in
fertility should preferably be given in. the form of gross
reproduction rates and age pattern of fertility or age specific
fertility rates. Unlike  mortality which has an almost
universal tendency to decline, fertility neither tends to its
possible maximum or minimum Jlevel.. In recognition of the fact
that several possgibilitiez for the” fubure trends in fertility
appear to; be equally -plausible,; United Bations projections of
fertility are carried out under three or more variants. The
rangss ameng.the high, medium and low variants are based on
assumed lengbh of time needed for the gross reproduction rate
to..reach 1.0 and the timing 4af d&ecline. The variants
correspond to the high, medium and low levels of population
growth.

58. In Table 5.2, for example, the United Nationa' projected
gross reproduction rates for West Africa for the period 1975 to
2025 are presented. They indicate 4 constant gross
reproduction rate (GRR) for the period 1975-1985 for each of
the three variants, and thereafter there is a slow de¢line for
the medium wvariant and a much faster decline for the low
variant.

Table 5.2 Projected Grogs Reproduction Rate for West
Africa 1975-2025

Gross Reproduction Rate

Period

High Medium Low
1875-1980 3.33 3,33 3.33
14980-1485 3.33 3.33 3.33
1985~1990 333 3.24 2.77
1990-1995 3,26 3.09 2.18
1995-2000 3.16 2.89 . i1.86
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 given to any anticipated or possible changes
in age pattern of fertility. Future improvement in fertility
projections will be made if sufficient data are available for
incorporating intermediate variables in fertility projections,
and for predicting future birth expectations.

Techniques of Prejecting Migration

6. For most countries, net migration is quite negligible and
for projection purposes 1t is usuvally assumed to have an
insighificant effect on population change. However, for a
nuaber of countries, especially the small ones, net migration
may contribute significantly to populatjon change. In such
cases projection of migration should be attempted,

61. The greatest obstacle to the projection of migration is
the fact that migration is affected to a large extent by
so¢ial, economic and political circumstances in countries of
origin and destination and predicting the future trends inm
these factors is a particularly precarious task. Purthermore,
in most countries of the world, especially those of Africa, the
current level of migration is unknown. Consequently predicting
future migration on the basgis of past and current levels
constitutes a conjectural exercise.

62. One of the methods used to project migartion directly is
the mathematical method, Migfation can be related to time or
te some socio-economic variable, such as labour force or
esployment opportunities, industrial growth etc. The
mathesatical wethod assumes that there exists a  high
correlation between proportional changes in net migration and
changes in the socio—economic variables. In w st African
countries the detailed data reguired for stv ying these
relationship are at present lacking.

63. Indirect methods can however be used to proje. . migration
in countries where data are available on population
distribution by age and sex and place of birt, for two
censecutive censuses. The census cohort-change rat s obtained
from the results of the censuses can be used to prol:ct ¢ohorts
already alive at the later census, provided the two censuses
arg comparable in gcope and c¢overage 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 are taken care of at the
same time. However, the method does not allow for calculation
of cohort-change rates for those born during the intercensal
period.
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5.5 ILLUSTRATIVE EXAMPLE OF RATIONAL POPULATION PROJECTION
BY THE COMPONENT METHOD

A Summary of Procedures:

64, The first step in national population projection by the
cohort-component method is the compilation and evaluation of
the available data on age-gsex stiructure of the population and
on the levels and trends of fertility, mortality and, where
necessary, migration. Appropriate adjustments are made so that
the measure of vital rates appear reasonable and age structure
is internally consistent and compatible with estimated wvital
rates. Preliminary projection may have to be carried out im
order to bring the most recent census data forward to the
mid-year of the base period.

65. The next step is to derive (5 year) age aspecific survival
rates from the mortality assumptions, In the case where use is
made of model life tables, interpolation for survival ratios
may be made for projected levels of mortality that fall within
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 5 years and over at the end of the interval. FPor example,
thg numbers alive aged x to x+4 at the initial time ¢,
5%

are projected as urvivors aged x+5 to x+9 at time t+5,
45
sNy.5 as follows:
t t+5
sHx (5hge5/50g) = gBxes,  X= 0,5,00.,Ww5

where w is the highest given age taken as a multiple of 5,
gLy is the usual 1life table population whose value is
chosen from the appropriate model life table representing the
ievel of mortality of the country in the interval of time t to
t+3., Simiiarly, the numbers aged w vyvears and over at time

£,

t
5Ny are projected as gurvivors aged wit5 years and over
at time t+5 ie. t t+5

5N+ (T (we5) 4/ Tusd = sM(ws5)4

Using projected net international migration rates, if
necessary, net changes among survivors aged 5 years and over
due to migration are calculated. The number of surviveors are
modified by these changes.
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67. Projected age specific fertility rates are then applied
to the average number of femalgs in eagh. of .reproductive age
groups and the sum ‘oF the groduc&s-is &uigigzieﬁ by 5 bc obtain
total number of births during the five vear  interval. In

syrhols,

49
B{t, t+5} = EE: 0.5 [B{i, £t} + P({i,- t*&)l ?{1)
i=l5 - o .

CULTan

s d

where B{t, t+5} = totak hmxth& betwegn time t and t&&
: ~?{i) = age specific~£g;t111ty rates at.age.i:
. i = 15-19, 20-24,. 404, 43-4a‘,_ﬁj«,;;
P(l, } = female population.aged. i at time &
P{i, t+5) = female population aged i at time t+5

68, The total number of births, B(t, t+5) in the 5 year
. imnterval is distributed accarding to an assumed sex ratio at
- birth. The numbers of births for each sex is then mult;plled
by the appropriate survival ratioc of births in Qxder to obtain
the number of survivors at the end of the interval. The net
balance of migration - ig added or subtracted from.-the surviving
__births of each age and sex to obtain papulaticn aged 0-4 at the
- and ef the interval. - .

$9. For grpjection to the end of égbsegueﬂtf five year
periods, t+ld, t+15 ete, the procedure outlined above is
répeated using the already projected population at time t+5,
t+10 etc respectively as the base. and applying the assumed
fertilicy, mortality and mig:atlun parameters as well as the
sex ratio at birth for the respective periods.

Application of the Procedure in the beféétion 6f the
Population of The Republic of Sierra Leone, 1975-1995

70, The last published census of the Republic of Sierra Leone
was conducted. in-1974. An analysis of the data on age and sex
distribution of the population indicated a joint score of 50.3
for the country. Similarly the data on age specific fertility
rates were found defective. Brass' techniques of local fitting
by the legit method was used in adjusting the age and sex data
while the age specific fertility rates were equally adijusted
using Brass' P/F ratio method. The adjusted age-sex
distribution of the population and adjusted age specific female
birth rates atre presented in Table 5.3.

71. It is required to project the population for the period
1975-1990. As the most recent published census in this resgpect
"was taken in December 19?4, there was the need to bring the
censug data forward by six months to wmid-year 1975, the base
year of the projection period. In order to do this, the
official average annual growth rate of 2,1 percent was used to
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bring the ‘data Forwabd to mid-year “{97s; ¢ on) t, 3' A$sumption that
the age-sex structure of the population could Hot “have changed
much within six months, The resulting base year age
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72, Byi‘# ce;ﬁ?aﬁi&g thé ' répsredd” age . ﬁiﬁﬂabutwﬁ of Sierra
Lebne, 1974 with those of “Coale and D"’e‘iﬁeny Modé1~ TiFe" ¥anTes,
-~it--wag--found -that HNorth—#Hodei—level -3—provided the-ciosest
ﬁa“the[n@tmal f;t; tﬁ} the age structure”‘“”@n the @qs;s of g{:ﬁ‘is
fm&x;g, male and femie life expect&nqy of bzgéh waﬁ chosgq as
38.9 ‘and 41.4 rg:’si}eatlvely to represent’ t}i‘e m ftal;i;ty le%él
the "five year period bei%fe mid 19?52"?'; From, thén o lf‘fe
‘expei‘:‘tahcy at blfhf} ‘was prgiected £ol ihcrease; 3}}’ g5 yea‘f per
annui *&s presentéd “in TaBlé 5.4, ~ With “regard’ ‘ts fertility
projection, the ‘Ohserved as_m pattem é‘as aé*éumea to r} mn
constant through %ut the ggﬁjéctlon perlod. K sex ratig,.
pirth of 1.03 was _assumed,.’ The p:oj@d‘t’eﬁ ag§ sp ?:sz.c f’emﬁle
bz.z:‘th rates unéef *;he threa” vatiants &f"e, .as pzéség ed m '%ta’bie
5.4,
73 ”Durmg tkf‘é‘ 1'5!?4 census of S;ex"ra Leane, thé iotal nambe::
of Fforeign na?.ion&is enumerated caraé RN .79 41§¥ or ‘2.9% oé 't';he
total populati,“c"nf.‘; '‘As there was no g‘Vaé‘ence ai aﬁy substant;;.al
em;gratwn Eram ‘Sierra Leone during }.‘he ,permti,, xt: was a&sumed
that' ‘at the hatibnal level, internatibhal migration aid " not
~cengtitute - a- ~mgﬁzfmant ﬂampanm w,ﬁﬁw*mkgmfoﬁwﬂgrm
cOnshquﬁn‘t}y the'effect of net ihterhatichdl Wigration' ‘on
—future- population -size--and- age- sbruc&ﬁw -graamed o e
negixglblk. ‘The enumerabed pcpulat_mﬁ“ﬁf“ nationals and
non-nationals together was carrvied forwsrd in the projection.
Ho projections were therefore made for net international

migration.
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74. The assumpt;mns of fertility ami mort:a},itg gadg above

were fed frito- thé pmgecﬂm pragmmwa he*regul&s for “the
medium variant are presented in -Tabte H:5y—
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5.6 iLLUSTRATIVE ?RWEC'I‘IQN& OF ssa-m ;

75~ A number -of - methods &escrxb&f}'"miiar“m “he gged-for
progecinng sub-natlonal populations, . These yemods include
mathematical method, the ratio methed an@ some . ather
miscellaneous methods, such as economic” method ané the ﬁelging
capacity method. The sub-national population referred to in
this context include those of regions, d;stricts, Aprovinces Gr
geographicai dxvismng of the country as we,li a§ urhanfruxal
and city populations. The choice of methcd Eog sub-national
projections depends to a large extent on the nature and quality
of available data and the purpose wmcb the pro:]ezzt;ion is
expected to serve. - oo

] Wz; B R
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Table 5,3 Adjusted Age-Sex Distribution and Adjusted
Age-Specific Pemale Birth Rates, Sierra Leons
197471975

Adjuated Pop. Age Specific Base Year Population

Dec. 8, 1974 Female Birth Mid Year 1975

Age group Male Female Rates Male Female
04 229,127 228,019 231,520 230,401
5«9 176,167 176,783 178,007 178,623
10~14 151,958 152,701 153,585 154,296
15-19 135,334 135,633 0.104 136,747 137,049
20~24 121,53 119,841 g.146 122,808 121,093
2529 105,576 103,474 0.138 106,673 104,555
36-34 90,645 89,4492 0.103 91,592 90,417
35-39 77,551 16,922 0.083 78,361 11,725
4044 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 38,656 36,716 49,470
60-64 24,986 28,358 25,247 28,654
65-69 19,390 22,724 19,593 22,961
To-T74 13,271 16,343 13,456 16,514
7579 7,519 3,929 7,598 10,033

8o+ 3,972 5,722 4,013 5,782
TOTALS 1,359,321 1,375,838 1,373,519 1,390,209

2,735,159 2,763,728

Table 5.4 Projected Mortality and Pertility Schedule,
Sierra Leone,1975-30

Year Gross Reproduction Rate Life Expectancy at birth
{GRR) {in years}
under the three variants
Male Female
High 3.2
1975-80 Medium 3.2 41.4 43,9
Low 3.2
High 3.3
1980-856 Medium 3.2 43.9 46.4
Low 2.9
Hige 3.3
1985~90 Medium 3.2 45.4 48.9
Low 2,6




Table 5.5

Frojected Population of Sierra Leone, 1980, 1985 and 1950
Using the Medium Variant Assumption

Age

Group
00-04
05-09
10~14
i5-19
20-24
25«29
3034
i5-39
40-44
45-49
5054
55«59
6064
65~-69
70-=-714
75+

Females

287,809
208,036
171,715
150,020
132,826
116,769
100,230
86,112
73,574
62,998
53,159
43,837
35,178
23,588
16,974
24,265

TOGTAL 1,587,091

19840

Hales
289,891
208,674
171,239
149,329
131,873
117,527
191,823

87,012

73,788

61,933

50,7486

40,453

31,38:

20,187

14,041

15,500

1,565,497

Females

334,780
262,919
200,842
167,426
145,823
128,589
112,379
95,898
81,922
69,626
59,031
48,822
38,859
29,355
17,860
20,840
1,814,891

1385

Males
338,077
264,44]
201,574
166,932
144,451
136,684
112,834

9", 35

82,367

693,055

57,072

45,640

34,985

25,476

14,781

14,975

1,796,309

Females
remales

381,008
309,364
254,894
196,333
163,167
141,499
124,112
107,968

91,638
771,879
65,562
54,551
43,650
32,813
22,599
20,549

2,087,586

1930

Males
385,853
312,180
256,481
156,970
161,905
139,207
121,821
107,890
92,399
11,515
63,984
51,681
39,847
28,749
18,971
15,614
2,071,087

- 6t —
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Projection of Sub-divisions of a country:

16. Considering the nature and gquality of data available for
projection of sub-national populations in Africa, especially
with regard to internal migration which constitutes a major
compenent of population change in sub-national populations, the
ratioc method 1is probably one of the wmost 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 that7pf the gation as a whole, The ratios of
sub-area populgtion to“tha® of the whole countfy are calculated
for the dates for which cengus data are available. An attempt
is made to prgiject the trend in the ratios td future dates on
the basis of certain assumptions

77, The inputs required include:

{i} Data”fgr :at least twd censuses that are comparable in
scope and coverage and show the 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 reguired.

18. In the c¢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 c¢alculated for each sub-area at the two censusg
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 t¢ the midpoint of the
inter-censal period,

79. The next step inveolves the formulation of assumptions
regarding the future trends in the rates of change of observed
gsub~area ratios, ie, projecting the cbsgerved rates of change of
sub-area ratios to future dates. Over the intercensal period,
the observed ratios may have increased, decresased or
remained constant. Where majority of the sub-area ratios have
remained constant or shown very little change, the sub~area
ratic wmway be held c¢onstant 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 estimates and projections (ECA, 1986},

80. On the basis 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.

=y -
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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 the data for Sierra Leohe

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 te¢ 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
obgerved 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 vears time, the projected rates of change of the
sub—~area ratios for the periods 19745, 1975-80, 1980-85, and
1985-90 are calculated and shown in columns 5 ©o 8. On the
basis of the results, the sub—-area ratios observed in becember
1974 were extrapolated to mid 1975, 1980, 1985 and 19%0. For
Bo district, for example, the ratio of Bo district to that of
the whole country population was 0.0962 in April 1963 andg
0.0796 in December 1974, The observed annual percentage rate
of change of the ratio in the period 1963-74, 1rg3.74 is
derived from the equation:
0.0962(14rg3_74)11+67= 0. 0796

which yields an rg3_74 value of -0.0161 or -1.61 percent., If
the annual rate of change has to fall to zerc in 50 years then
annual fall is 1.61/50 = ,0322. From December 1974 to mid 1475
ie. b months, the fall in the rate of change is 0.0161.

The Ratie o¢f Bo District population to that of the whole
country by mid 1375, Ry5 can be obtained as

Ryg = Ryg (1-0.0161)0.5
= 0.0796{1-0.0161)0+3 = 09,0790

Similarly Rgp = 0.790(1-0.0124)% = 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 snsure that the ratios add up to
one as shown in Table 5.8. The projected total population of
Bo district is derived by multiplving the ratios shown in Table
5.8 by the projected total population of the whole country in
Table 5.5.



Table 5.6 Projection of the Population of Sierra Leone By the Ratio
Mathod from 1974 to 1930

Bistrict Ratio of District Pop. Observed Projected avearge annual percentage
to National Pop. Average change of the ratios
Annual
Avril 1963 Dec. 1974 percentage
rate of
change

1963-1974 1974-75 1975-80 1980-85 1985-90

. i i e e o T Y

Ak A e AR S s v ol A A S OSSO S SO SO A S S A WA i . . S O S S 3 S o

Bo L0962 L0796 -1l.61 -1.58 -1.24 ~1.08 -0.92
B/Sherbro .0368 L0320 -0.19 -1.04 ~0.92 ~0.80 -0.78
Moyamba 0768 0690 ~0.91 -0.79 -0.76 -0,61 ~0.52
Pujehun +0389 L0376 7.29%9 -0.25 ~D.22 ~0.19 ~0.17
Kailahun ,068% .0659 ~0.38 -0.33 -0.29 ~0.26 -0,22
Kenema .1043 .0975 ~3.58 ~0.51 ~0.45 ~0,39 ~0.33
Kono 0770 «1203 3.89 3.39 3.00 2.61 2,23
Bombali  .0912 .0854 -0.56 =0.49 ~0,43 -0.38  -0.32
Kambia L0632 0568 -0.91 ~0.79 ~0.70 ~0.61 -0.52
Koinadugu .0592 0581 -b.16 -0.14 -0.12 -0.11 ~0.,09
PortLoke .1135 1068 -0.,52 ~0.45 -0.40 ~0,35 ~0.,30
Tonkolili 0846 L0754 -J.98 -0.85 ~0.76 ~0.66 -0.56
W/Area L0894 L1156 2.23 1.94 1.72 1.50 1.27

- - — - {- - " "’ i ok ks ot 2> S -

Total 1.0000 1.0000
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Tahle 5,7 Preliminary Projected Ratios of the District to
National Population, Sierra Leone, 1975 to 1990

District Preliminary Projected Ratios
1975 1980 1985 1990
Bo 0.07%0 0.0742 0.06703 0.0671
Bonthe & Sherbro 0.0318 0.0304 0.0292 0.0281
Moyamba 0.0687 0.0664 0.0644 0.0627
Pujehun 0.0376 0.0371 0.0368 0.0365
Kailahun 0.0658 0.0647 0.0639 0.0632
Eenama 8.0973 0.0951 0.0932 0.0917
Kono 0.1223 0.1418 0.1613 §.1801
Bombali 0.0852 0.0834 0.0818 0.0805
Rambia 2.0566 0.0546 0.0530 0.0516
Koinadugu 0.0581 8.6577 0.0546 0.0543
Port Loko 0.1066 0.1044 0.1026 0.1011
Tonkolili 0.0751 0,0723 0.06%% 0.8680
Western Area 0.1167 0.1271 0.,1369 0.1458
Totals 1.0008 1.0092 1.0179 1.0307

Table 5.8 Proijected Ratios of District to National
Population, Sierra Leons, 1975 to 1990

District Projected Ratiocs
1975 1580 1985 1990

Bo 0.0789 0.0735 0.0691 0.0651
Bonthe & Sherbro 0.0318 0.0301  ©.0287 0.0273
Moyamba 0.0688 0,0658 86.0633 a.0608
Pujehun 6.0378 0.0368 g.0362 0.0354
Kailahun 0.0858 0.0641 0.0628 G.0613
Kenama 4.,0972 0.0842 0.0916 0.08%0
Kono 0.1232 0.1405  0.1584 0.1747
Bombali 0.0851 g.0826 g.0804 0,0781
Kambia 0.0566 0.0541 0,052} 0.0501
¥oinadugu 0.0581 0.0572 0.0536 0.0527
Port Loko 0.1065 (.1035 0.1007 0.09381
Tonkolili 0.0750 0.0716 0.0687 0.0680
Wastern Area 0.1166  0,1260 0.1344 0.1414

Totals 1.0000 1.6000 1.0000 1.00040
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Urban Rural Projection

813. Another type of sub-national population projection which
is indispensable in development planning is the projection of
urban and rural populations. 1t provides information about the
levels and trends of urbanization and thus enables researchers
and policy makers to anticipate some problems that are
connected with urbanization and qrowth of large urban centres.
The ratio method, the mathematical method and some
miscellaneous methods can be used in projecting urban and rural
populations. However, the nature of dJdata 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. Purthermore, the poor quality of
migration data makesa it extremely difficult to apply the
component methods t€o urban rural projections.

B4. The historical experience of induatrial nations with
regard to the process of urbanization has exhibited a fairly
regular pattern. At the initial stage, when the econcmy is
principally agrarian, the proportion of wurban to total
population is small and urban population grows at a slow rate.
When industrjalization takes off, the proportion of urban to
total population increases rapidly for some time wuntil it
reaches & high level. Thereatter, the growth rate of the
proportion slows down and eventually declines to zero. Because
of the analogy of this growth pattern to that of the logistic
curve, it was considered realistic to project urban rural
percentdge 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 wurbanization, ie. the urban-rural ratio (URR), The
rate of change in URR measures the tempo of urbanization.
Symbylically, if we denote U(t) and E{(t) as the urban, and
rural population at time + respectively, then, using the
exponential growth formula, urban.rural.- ratio at time té+n,
URR{t+n) can be axpressed as:

URR{t+n)} = URR(t) expirn) «ss£12)

where r represents the rate of growth of URR or the tempo of
urbanization.

From equation (12), it can be shown that the tempo of
urbanization,

1 URR{t+n}

n URR(t) v0e{13)
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Since Urban Rural ratio at time t, URR(t) = U(t)}/R(t)

n R{t+n) R(t) ee.(14)

Re-arranging equation (14), yields
r =(1/n)i(1ln U{t+n)/U(t) - 1n (R{t+n)/R(t)] ase(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 peried of time, the
urban-rural growth difference method has found wide application
among demographers as a technique £for projecting urban and
rural populations. Assuming 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) efM ,..(16)

Once the urban~rural ratio at time {(t+n) 1is derived, the
projected proportion of total population urban,

URR{t+n) URR{t}elR
PU(t+n) = ———-—-—-—mo = mm——mm———————— (17}
1 + URR(t+n) 1 + URR (t)efD

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, w are
then given to enable an adjusted urban-rural growth difference

URGD* to be calculated for the different projection periods, as
follows:

URGD* = w.URGD + (1-w)URGDH «ee(18)

The values of w start with 0.8 in the first projection period
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and decline linearly by 8.2 for each subsequent five year
pericd (UN, 1984). The respective values of URGD* for each
period are then introduced into equation (1l&) so that

URR{t+n} = URR(t) exp{URGD*.n) oo {19)

as. In cases where the pattern of urbanization is not
depicted by the logistic cubtve, other types of curve Llike
Gompertz curve,
1
Up = b, may be fitted to the data at

two points in time and the wvalues of the constants a and b
determined. With these wvalues, the urban population at any
point in time c¢an be projected using the Gomnpertz formula.

tllustrative Example of Urban-Rural Projection
Using Sjierra Leone Data

89. The inputs required for the proiection 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 points in time. In the case of Sierra
Leone, the inputs required were obtained from the census
results of 1963 apd 1974 and the projected total population for
the future periods, For illustration, the medium variant
projected population of Sierra Leone 1%8% {Table 5.%}) will be
used. As shown by the April 1963 and December 1974 censuses,
the urban-rural populaticon distribution were as fallows:

Date Total Population Urban Rural
April 1963 2,180,355 412,254 1,768,101
Dec. 1374 2,735,159 752,028 1,983,133

90, As a first step, the urban -~ rural ratio and the
exponential growth rates for urban and rural populations
baetween 1963 and 1974 are calculated and the resulting initial
URGD is determined for the periocd 1963-1%74 as follows:

i {752,026)
Urban growth rate = —www= In  wmmmmwa— = (,0515
11.867 (412,254)
1 (1,983,133}
Rural growth rate = —— ln —————eeme—— = 0,0098
11.87 {1,768,101}
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The urban~-rural ratic in 1974 = 752,026/1982133 = 0(.3792
Unadjusted urban-rural growth difference = 0.0417

Hypothetical urban-rural growth difference, URGDH, is then
calculated as

0.044177 - 0.028274 X 0.2745 = 0.0364

where the proportion urban in 1874 = ,27439.

Using equation (18) above and the appropriate weights, the
adjusted grban rural growth difference, URGD* are obtained for
the projection periods as follows:

Projected Period W 1~w URGD*
1878 ~80 6.8 0.2 0.0406
1980 -85 0.6 0,4 §.039¢6
1985 -850 0.4 0.6 0.0385

¥inally the urban.rural ratic and the proportion of total
population urban are derived using equations {19) and (17). For
example, the projected URR for 1975,
URR7s = URR74 expl[{0.0417) (0.5)] using equation (19)
= {J,3872

and the projected proportion urban by mid 1975, PUyc

#

URRy5/ {i+URF -5}, using eguation (17)

0.2791

The urban-rural ratios, projected proportion urban for the rest
of the projection periods are presented in columns 2 and 3 of
Table 5.9,

i

91. The projected urban and rural p-pulation 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 1374 population census data is the base year
data and the projected total urban and total rural populations
for 1885 in Tab.e 5.9 are to be distribution by age and sex.
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Table 5.9 Projected Total Urban and Total Rural Populations,
Sierra Leone 1975-85

Year Projected Projected Projected* Projected Projected

URR{E) Proportion Total Urban Ruaral
Urban Population Population Population
pU{t)
1975 0.3872 8.2751 2,763,728 771,356 1,992,372
1580 0.4770 0.3230 3,152,588 1,018,286 2,134,302
1985 0,5875 0.3700 3,611,260 1,336,144 2,275,056
1980 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 matrix 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 wurban 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 5.10). The difference elimination
method described here is an application of a ygeneral matrix
golution 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.

893, 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 €, 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 fiqures in each column in panel < are further
protated in the ratio of the marginal totals of panel B to that
of panel € and the results are entered 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
2275056/2698918. Again, whem added up horizontally, the
results in panel D wil 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 19885

Panel A {(Base Year Data 1874} Panel B {Projected Totals 1985}

Sex Age Urban Rural Total Sex Age Urbhan Rural Total
Males Males
014 147681 409631 557292 0-14 es wee B040498
15-44 203878 392724 596602 1544 cen ‘e 730233
45+ 40026 165401 205427 45+ “ew P 261980
Females Famales
0-14 164062 393441 537503 0-14 PR ane 798541
15"“"44 3‘58506 433069 591575 15“44 %" - ?3193?
45+ 37893 188867 2267640 45+ ., ' e 284393 .
Totals 752026 1,983133 2,735159 Totals 133614 4 2275056 3611200 ;g
““““““ - e e o P o 4 0 e 1 1590 4 0 40 PP 90 9 e B - S 4t 1 0 0 P 2 e B . ’
Panel ¢ (First horizontal Prorating) Panel D {First Veritical Prorating)
Sex Age Lirban Rural Total Sex Age Urban Rural Total
Males Males
0-14 213055 “21041 804096 U-14 286886 513438 800324
15~44 249544 480689 730233 15-44 338020 417575 753595
45+ 51045 210935 261980 45+ £8733 183239 251973
Pemales Females
0-14 234995 563546 746170 0-14 316429 489553 805982
1544 196120 535837 726546 15-44 264083 465482 729565
45+ 47524 236869 276548 45+ 63993 205768 269761
Totals 992282 2618318 3611199 Totals 1336144 2275056 3613200
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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
S.,11.

94. The recently published preliminary report of the Decamber
1985 population census of Sierra 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
projected proportion of total population urban, it would seem
that during the period 1974 to 1985, urbanization may have been
aluggish. The intercensal period 1983 to 1974 which was used
as a basis for estimating the urban =-rural growth dJdifference
was also the period soon after the attainment of independence.
It was a period that witnessed the establishment ©f 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
arsag in the period 1963-1974 may have triggered off a high
rate of rural to urban movement of population that could not be
repeated in the period 1975-1985, a period marked by economic
depregsion 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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Tahle 5.11 Distribution of Projected Total Urban and Rural
Populations of Sierra Leone, 1985 by Sex and Age
Jsing the Difference Elimination Method

Sex and Age Projected Population 19385
Group Urban Rural Total
Males

0-14 289336 514760 804096
15~44 326674 403559 730233
4% and over 71772 1902408 261980
Females

0-14 314639 483902 798541
1544 265953 466004 731957
4% and over BITH) 216623 284393

Totals 1,336144 2,275056 3,611200
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