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Introduction

BOTH data collection systems and techniques of estimation in the study of
fertility in sub-Saharan African countries have improved since the 1960's.

In many sub-Saharan African countries there have already been at least two
censuses. The 1980 round of censuses and future censuses will lead to changes
in the data available for fertility in this region. In this paper two recent methods
to estimate birth rate based on two census age-sex distributions are examined
with reference to data situation in sub-Saharan Africa. The object of this paper
is to estimate birth rate by the two methods, to be described below, for some
English speaking African countries with two censuses, and compare their
relative strengths in the statistically less developed African Countries.

Methods of Estimating Birth Rates

For a closed population experiencing constant fertility and mortality an esti-
mate of birth rate is easily obtained by using model stable populations. Many
procedures are available in the literature for this purpose, which involve match-
ing some selected characteristics of the observed population with those of the
stable model. One such method suggested by Coale (1981) involving the use of
the proportion of the population of both sexes under age 15, C(15), and /5 as
the matching criteria appears to be promising. When a population experiences
declines in fertility and/or mortality the stability of the population will be
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disturbed and the usual stable birth rate estimates will have to oe adjusted for
these changes, Coale (1981) suggested an adjustment which is found to be
robust and at the same time computationally simple. In recent years Preston
and Coale (1982) and Preston (1983) have generalized the stable population
equations that can be applied to all populations —stable or non-stable. It is
also possible to adjust the stable birth rate estimates using the framework of
generalized stable population equations. These two procedures of obtaining
birth rates assume importance for situations where stability conditions, namely,
constant age specific fertility rates and mortality rates with no migration are
not valid. Before proceeding to illustrate the applications of the two methods,
a brief review of the two methods and their interrelationship will be discussed.

Coale Method

Coale (1981) suggested the use of the observed C(I5) for both sexes and l5

to locate an appropriate stable model from a family of stable models to repre-
sent the observed population and use its birth rate as an estimate of the study
population. The estimate of l5 can be obtained by any of the indirect methods
like the Brass method. It was observed by Coale that this method of estimation
yields birth rates that are not very much affected even when the populations
are not stable. Further, he also suggested an adjustment for the stable birth rate
for non-stability which is given below :

(1)

where be is the adjusted birth rate by Coale method; bs, is the stable birth rate
corresponding to C(15) and l5; and rs, and r0 are the rates of increase in the
stable and study populations respectively.

The logic behind the above adjustment is explained by Coale by treating
the estimation of stable birth rate from C(15) and l5 as a form of reverse surv-
ival method that gives an estimate of the average birth rate during the 15 years
preceding the census. The persons under age 15 when reverse survived by life
table survival ratios corresponding to estimated l5 lead to the births during
the 15 years preceding the census. To obtain the birth rate we need the deno-
minator, namely, the person years Jived during the preceding 15 years. These
person years lived are obtained by using the rate of increase r which differs for
a stable and non-stable or observed population. For example, the person years
lived in the stable population are obtained as md for the
non-stable observed population as The value 7.5 is the
number of years before the census where the mid-point occurs and P0 it the
total current population. Thus the person years ia the stable tituation and hence
the stable birth rate can be adjusted by the factor Exp [7.5 [r, — r,)] to take
care of the non-stable situation. For more details the reader should refer to
Coale (1981) or United Nations (1983). Since b, is the average value for fifteen
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years prior to the most recent census data, Tt and l5 refers to the time about
6-7 years prior to T, be should be treated to refer to the time (T — 7.5).

Preston- Coale Method Based on Generalized Stable Equations

It is possible to derive the adjustment factor for the stable birth rate for
non-stability using Preston-Coale generalized stable equations. For a non-stable
population we have ;

(2)

where bn is the birth rate of the observed non-stable population, r(x) are the
age specific rate of increase of the population estimated from two censuses and
p(a) the probability of survival from birth to exact age a (Preston and Coale
1982). It follows from equation (2) that the cumulated population under age
15 is given by

(3)

From the above equation we have

(4)

The equation that corresponds to equation (4) in the case of a stable popula-

(5)



The values of a1, a2.and a3 are : a1 = 2.5r1; a2 = 5r1 + 2.5r2,; and a3 = 5r1
+ 5r2 + 2.5r3; where r3 stands for observed intercensal rate of increase of the
age group 10-14.

Equations (1) and (8) are similar in structure. If the values of C(15) for the
two recent censuses have not substantially changed, though they might have
undergone destabilization earlier on, we have b*s = bs and rs* = rs leading to

(10)

A comparison of this equation with that of equation (1) indicates that they are
very similar, and in most cases rw is close to r0 in which case the two equations
arc identical. In the trivial case of the stable situation when r0 = rs = rw=rs*
both the birth rates be and bn will be equal.

However, there is one difference, namely, the time reference for be and bn.
As mentioned earlier, bt obtained by Coale adjustment, refers to the time of

about (T — 7.5) years. In the case of Preston-Coale framework it is necessary
for C(15), l5 and r(x) to be current estimate, all referring to the same time
period. Consequently, the resultant bn will refer to time T. Thus a comparison
of bt and b* should be made after the differences in their time reference is taken
care of.

There are a number of ways to do this. One of the simplest things to do is to
project back the sex-age distributions of the most recent census, using inter-
censal age-specific rates of growth, to the time (T—7.5). Regarding r(x), one
can assume a constant rate of increase between the censuses in which case it is
applicable to time (T—7.5). However, if one has data for more than one census
r(xt t) function can be fitted and r(x, T—7.5) estimated. If single year data are
available and reliable the method suggested by Coale can be used (Coale, 1984).
This method has the additional advantage of smoothing the irregularities in
r(x,t) where errors occur at specific ages in one census. From the results of this
paper it appears that the assumption of a constant intercensal r(x) is quite
satisfactory. [In view of substantial differentials in the coverage of successive
censuses in the developing countries estimation of a trend in r(x) is subject to
errors). The derived ba with the use of C'(15), l5 and r(x) will now refer to
(T—7.5) and is comparable to be.
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Application of the Method to Data from Some African Countries

For a comparative study of the estimates of adjusted birth rates by various
methods outlined above, eight countries in sub-Saharan Africa having data for
two censuses have been selected. In the left half of Table 1 values of C(15) for
the two censuses, as well as C'( 15) obtained by reverse projecting the most
recent census age-sex distributions to time (T— 7.5) are shown. The intercensal
period is also indicated in the table. The life table values of l5 are those obtain-
ed by using Brass method of estimating mortality indirectly from the data on
the children ever born and surviving obtained at the second Census for the
countries under study.

The procedure of using equation (1) is straight forward. The intercensal rate
of growth r,, and the values of r, and b, corresponding to the observed C(D)
of the latest census (both sexes) and 15 are obtained, leading to bc by substitution
in equation (1). To apply equations (8) to (10) we need the age specific rates
of growth between the two censuses, namely, rt, ra and r3 respectively for 0-4,
5-9 and 10-14 age groups. Using the C'(15) obtained by reverse projecting the
latest census and the l5, rs* and bs* are obtained from the Model Stable Popula-
tions. In this paper Coale-Demeny North Family Stable Populations are used.
For using equation (9) Coale-Demeny North Family Life Tables are used.

Table 2 presents the result of applying equation (I) for nine countries using
the respective C(15) of the latest census, and l5. The quantities used in the
computation are shown in columns (2) to (4). Columns (6) to (8) indicate the
values used for each country using C'(15) and other values in equation (8).

Results obtained by the application of equations (9) and (10) are shown in
columns (10) and (11) respectively. In column (12) the result of applying
Preston integrated method to the female population of the latest census are
shown. The Preston integrated method used here is the same as that given by
Preston (198?) except that the fitting procedure is slightly different (Tesfay
Teklu, 1985).

Discussion

A comparison of figures in columns (5) and (9) of Table 2 indicates that
except for Ghana* Sierra Leone and Liberia the adjusted birth rates be and b«
are very close. Interestingly, the countries that show larger deviations come
from West Africa whereas countries from East and Southern Africa give close
results. This could be due partly to differential census reporting in this region
and higher level of mortality compared to the other two regions. The closeness
is very striking in view of the fact that the age-sex data are not adjusted in any
way. The use of equation (9) brought (he two even closer in most cases. By
and large the use of equation (9) with C(l5) of the latest census instead of
C'(15) also gave resonably close estimates to those obtained by Coale's adjust -
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ment. This is because most of the countries studied are close to stability during
the intercensal period. But in situations, where mortality and fertility declined
during intercensal period and / or migration took place between the ceniuses,
the b'm, estimates will give poor results.

The estimates obtained by the application of Preston integrated method to
the data of females in the latest census gave estimates which are on the high
side compared to either be or bn. It is important to note that the estimated
birth rate by Preston integrated method refers to the time which is mid-point
of the two census dates which approximates to time (T— 5), when the censuses
are ten years apart, whereas the other estimates refer to the time (T—7.5). Thus
part of the difference could be accounted for by the difference in the time
reference between this method and the others.

Some interesting points emerge from the above. Although, the original
method of Coale is based on the simple principle of reverse surviving population
under age 15, C(15), using life table corresponding to estimated 15 the method
leads to birth rate estimates very close to those obtainable by more complex
methods based on generalized stable population equations. This close agreement
adds greater satisfaction io the African data situation in the use of the birth
rates derived by Coale's method which is very simple to apply and at the same
time very general.

Acknowledgements

The authors are thankful to Professors Ansley J. Coale and Samuel H.
Preston for their comments on the earlier draft.

References

1. Coale, A. J., 1981, Robust estimation of fertility by the use of model stable populations,
Census Forum 8 (2) : 5-7.

2. ___, 1984, Life table estimation on the basis of two enumerations of a closed popula-
tion, Population Index 50{2) : 193-213.

3. Preston, S. H. and Coale, A. J., 1982, Age structure, growth, attrition and accession : A
new synthesis. Population Index 48(2): 217-39.

4. Preston. S. H., 1983, An integrated system for demographic estimation from age distri-
butions, Demography 20(2) : 213-26.

5. Tesfay Teklu, 1985, Application of the Generalized Stable Population Equations to some
African Data (Mirr.eo.).

6. United Nations, 1983, Indirect Techniques for Demographic Estimation (Manual X), Sales
No. E. 83. Xiii. 2: 166-167.

7. ____. 1985, World Population Prospects : Estimates and Projections as Assessed in 1982,
United Nations, ST/ESA/Ser A/86.

. 2 1987 Demography India 259


