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Abstract 
In this paper, an attempt has been made to. review and apply the 
transformed Gompertz Relational Model developed by Brass 
(1980) and Zaba (1981).The Model has been used to re-estimate 
fertility rates in Osun State, Nigeria with reference to current and 
retrospective data on fertility in the state. Estimates of the total 
fertility rates obtained range between 4.5 and 9.3 in both regions 
and the entire state at large. The model seems to have been found 
useful in re-estimating fertility rates for less developed or 
developing countries like Nigeria where data are sometimes defective 
and incomplete. 

Introduction 
Application of Gompertz model to represent age specific fertility rates has been explored by 

Wunsh and Martin since late 1960s. Later, the Canadian Bureau of Statistics explored its 
characteristics. The representation of cumulative fertility by the Gompertz function was also 
discussed by Murphy and Negnur (1972). They (Murphy and Nagnur) and Fared applied it to cohort 
data in the context of forecasting, 

A recent application of the Gompertz model appears in the papers by Brass (1977, 1980) 
concerning the evaluation of birth history data. Through these papers, we were made to know that 
the P/F ratio method can be modified through the intermediary of the relational Gompertz model. 
Brass (1974) made the suggestion that the relational Gompertz system would be useful in fertility 
analysis after which he further elaborated the idea and gave an indication of the main application. 

The background work which provided the empirical scale-transportation (a standard fertility 
schedule) examined the goodness of fit to observations and investigated the estimated .problems was 
carried out by Booth (1979). At this stage an. important advance was made by Zaba (1981) who 
provided the methods of separating the examination of fertility pattern from the estimation level. 
Brass and Reshad (1980) also explored the uses of the model for the detection and adjustment of 
errors in retrospective birth histories. 

The relational Gompertz model according to Zaba (1981) provides a too! for adjusting and 
correcting fertility distributions derived from report of births in the last year and or children ever born. 
He also observed that it was not necessary to assume that the quality of reporting was the same at ail 
ages of the respondents, or that fertility levels have been constant in the recent past. 

Based on the above observation, the writer of this paper, viewed that this model would fit in 
re-estimating fertility rates obtained from the \ 992 Osun State fertility survey for the five zones of the 
state. The fact that the data collected from this survey like most retrospective information on children 
ever born which must have suffered from reporting errors warrants this model. 
 
The Gompertz Relational Model 

The Gompertz function has the form: 

 
 



Where F(x) is the cumulated fertility; A and B are positive values less than unity. Brass 
(1980) suggests that the fit can be improved by taking natural logarithm twice in succession on both 
sides of the equation. 

This gives 

 

Where F(X), F, a and p respectively are the cumulative fertility rate to exact age X ; F is a 
parameter approximating the total fertility rate; a and p are the parameters measuring location and 
dispersion of the distribution. Brass suggested that the model could be improved by using linear 
relationship of the type 

 
where YS(X) is a standard set of values derived from a standard fertility pattern chosen to represent an 
average shape. 

Using equations (2.2) and (2.3), we have 

 
Now, equation (2.5) has three unknowns parameters such as F, a and these can be 

estimated by taking three selected values of Pi (where i= 1, 2, 3, ....  7) 

 



 

Since P]s P2,P3, Ys (1) and Ys(2) are all known, by trial and error, equation (2.9) will provide a 
solution for p 
Once p is known, a can be estimated by the following way: 
From equation (2.9) 

 
 



 
and finally, from the equation (2.5) we get the value of F as follows: 

 

Now substituting the estimates a,p, Y(x)can be obtained from 

 

These Y(x) values can then be converted into F(x)/F as follows: 

 

Since the value of F is known, the commulatrve fertility F(x) can be estimated from F(x) = F exp (- 

 

and hence the age specific rates from where n is the length of the age interval which is generally 5 
years. 

 

 

 

 

 



 
Data 

The data used for the analysis are obtained from the 1992 Osun State Fertility Survey. In this 
state-wide exercise, 3234 women of child bearing age (15-49 years) were interviewed and 
retrospective information on the number of children ever born and the number of life births during the 
year preceding the survey were collected. For most retrospective information on children ever born, the 
data suffers from reporting errors. Age mis-reporting is likely to distort reported parity of women and 
vice versa, since women with more children than average for the age may be reported as older than 
their true age. The resulting bios is likely to affect estimate of the levels of fertility (Kabir & Howiader, 
1981). 

Other types of reporting errors that may possibly affect the quality of data include: under 
reporting of mean parities due to memory lapse, omission of births especially for older cohorts, lack of 
strict adherence to the reference period and omission of children who have died. Obviously, these 
different types of reporting errors do not act independently of each other, neither is their .individual 
effects easily isolated. These possible defects notwithstanding, the data collected from the survey after 
necessary corrections, provide a basis for examining fertility levels and differentials with the use of 
Gompertz relational model. 

Application of the Gompertz Relational Model to Osun State Fertility Data 
As earlier pointed out in the data used for the study which has suffered largely from reporting 

error, this might have affected the reported mean parities of women, rendering them less reliable. A 
modified Gompertz model is believed to fit the data, then an estimate of TFR and hence, age specific 
fertility (ASFR) may be obtained as follows: 

 
The problem is to estimate  a , p  and F on some criteria. The details of the procedures are 

shown in section 2.0 of this paper. 
The parameters are estimated by taking three selected values of P, (i= 1, 2, 3 ...., 7) Let P:, ?3 and 

?* be the mean parities for the age-groups 20-24, 25-29 and 

30-34 respectively, and 
obtained by trial and error from the equation (Kabir and Howiader, 1981) 

 

Once (3 is known, a can be estimated from the equation 

 

 

 
i are constants derived from a standard fertility schedule.    Ine constant p can bi  

 



 

Results 
In using the Ys(x) values to fit the model to observe mean parities, the assumption is made that 

the ages at mean parities are the same for the observed data as for standard. The error involved in this is 
small, however. Table 1 shows the application of Gompertz model to Osun State fertility data. If fertility 
has not changed, the average parities for the different age groups should well be fitted by a model with p = 
0.9320 a = - 0.107. In fact, as shown by Table I the fit with J3 = 0.9320 is a good one except for the two ends 
of the distribution. The reported mean parities fitted well at the younger ages . but at the older ages the 
fitted mean parities are higher than the observed mean parities indicating omission of births by the older 
women. 

The total fertility estimated from the Gompertz model (taking mean parities P3, P.i, P<t for the age 
groups 20 - 24, 25 - 29 and 30-34 respectively) was 5.8. This is slightly lower than the estimate obtained 
from the World Fertility Survey data which was 6.34 (Brass, et al., 1978) 

Table 2 shows the observed and fitted average parities for the five regions of Osun State 
estimated from the relational Gompertz model. The age specific fertility rates derived from this model are 
also shown in this table. Again it can be seen that the model does not fit well at the two ends of the 
distribution. The fit is however, reasonably good at the middle of the distribution. 

The estimated total fertility rates derived from the model suggest that TFR was highest in 
Ikirun while it was lowest in Iwo. The TFR varied from 9.3 in Ikirun to 4.5 in Iwo. It is extremely difficult 
to explain this differential in fertility among the regions. However a part of this differential couid be 
explained due to the difference in age at marriage or may be due to differential use in contraception and 
other socio-economic factors. 

 

 



Table 1: Reported Fertility rates and Fitted Gompertz Fertility Rates: Osun State 
 

Age 
Group 

Mean 
Parity 

Standard 
Fertility 
Pattern 
Ys(x) F(x) 

F(x) 
F F(x) ASFR 

15-19 0.5038 -1.0789 -1.1125 0.0477 0.2784 0.0557 

20-24 1.3161 -0.3119 -0.3977 0.2257 1.3163 0.2076 
25-29 2.6194 0.3538 0.2227 0.4492 2.6291 0.2606 
30-34 3.8620 1 .0663 0.8868 0.6623 3.8621 0.2486 
35-39     ' 4.8462 1.9534 1.7136 0.8351 4.8694 0.2015 
40-44 5.0700 3.4132 3.0741 0.9548 5.5676 0.1396 
45-49 5.2585 6.0564 5.5376 0.9961 5.8081 0.0481 
      1.1617 
NB: F(x) is fitted by: 
a = -0.107, 
(3 = 0.932, 
F = 5.831 
Source: 1992 Osun State Fertility Survey. 

Table 7: Reported and Estimated ASFR for the .Five Zones of Osun State from the Gompertz Relational 
Model 

 Observed Mean Children 
Ever Born (Means Parity) 

Filled Mean Children 
Ever Born (Fitted 
Mean Parity) 

(ASFR) estimated Age Specific 
Fertility Rate ABC Group 

lie Jkiru
n 

Jlesa Iwo Osoy
bo 

Ifc Ikirii
n 

Jlesa Iwo Osag
bo 

ire Ikiru
n 

Ilcsa Iwo Osogbo /Ede 15-1 0.51 0.492 0.53 0.50 0.49 0,33 0.436 0.44 0,130 0. 1 0.066 0.087 0.089 0.026 0.03820-2 L2K I.2SS 1.34 1320 1,325 I.268 1.288 1.347 1.326 1.325 1,325 0.170 0.17 0,23 0.2262 5 2.51 2.41 2.45 2.765 2.78 2.512 2.417 2.45 2.7G 2.780 2.780 0,225 0.22 0.2S 0.291
..(1-. 3.S0 3.826 3.69 3.74 4,01 3.309 3.826 3,69 3.743 4.011 4.01( 0.281 0.24S 0.19 0.246j.i-.iy 4.72 5,492 4.68 4,70 4.71 5.U3 5.525 5.02 4249 4.841 4.841 0.339 0,26 0.10 0.1664U-- 5.23 5.050 5.UO 4.96 5.09 6,072 7/il0 6.39 4.446 5.288 5.2B8 0.4 1 0.274 0.03 0,089•45-4 S. 5.282 5.34 5.11 5.19 6.55 9.263 7.255 4.476 5.396 5.396 0.330 0.172 0.00 1,079

TFR 1.311
0 

6.555 

1.85
28 
9.26

1 .45 
1 1 

7.255

0,89
51 

4,47

1.07
93 

5.39Source:. 1992 Osun State Fertility Survey. 
 

Conclusion 
It appears from the preceding analysis that fertility level in Osun State is evidently high and the 

level varies significantly among the five administrative zones of the state. As a matter of fact the current 
fertility level with TFR of more than 6 is considered high. This is higher than the estimate obtained from 
the world fertility survey data which was 6.34 (Brass et al, 1978). Furthermore, the TFR obtained for 
the state is much higher than the TFR of 5.8 obtained from the 1990 Nigerian Demographic and Health 
Survey (NDHS) (FOS, 1990). 

Some of the variations in the fertility levels in the state can be explained in terms of variation in 
age at marriage, socio-economic factors such as education, urban-rural migration, occupation, 
religion, culture and practice of family planning/use of contraceptives. 

With the observed high fertility level in the state which is definitely aggravating population 
growth, and in effect has been a source of impairment to the effectiveness of the social, economic and1 

educational development programmes of the government, all hands must be on-deck for the planners 
and policy makers in the stale to formulate programmes that will put this determinant of population 
growth (i.e. high fertility rates) under control. 

To achieve this, greater attention should be paid to interventions that will help to re-in force 
the role of fertility inhibiting factors such as, age at marriage, female education, infant and child 
mortality, breast feeding practice, work participation, urbanisation, contraceptive practice and 
socio-economic development in lowering fertility. 
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