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Abstract  

One of the most commonly used indirect estimation methods rely on the use of Brass Relational Gompertz 

Model as modified by Zaba. The model is designed and used as a diagnostic tool and estimation technique for 

the evaluation and adjustment of fertility estimates obtained from retrospective reports on recent (current) 

fertility and period fertility (i.e. birth histories). Here, the Gompertz model is fitted to the fertility rates reported 

by age of mother (15-49) and hence, obtain an estimate of total fertility. In producing estimates of age-specific 

and total fertility rates, the method seeks to remedy the errors commonly found in fertility data associated with 

too few or too many births being reported in the reference period, and the under-reporting of a lifetime fertility 

and errors of age reporting among older women. Quest to improve on and/or at least have other comparative 

method with the existing technique (i.e. Brass Relational Gompertz Model as modified by Brass) motivate the 

researcher to develop a simpler and straight forward solution method using Relational Gompertz Model in 

estimating fertility levels in Nigeria. The newly developed method using the same model assumes that if the 

mean parities for older women of the fertility age groups are generally unacceptable, and the modified and 

standardized Relational Gompertz Model is believed to fit the population data; then an estimate of the Total 

Fertility Rate and hence age specific fertility rates may be obtained. The main focus of the method is to fit the 

Brass Model by estimating the demographic parameters  (where  and  are the parameters 

measuring location and dispersion of the distribution while  is parameter approximating the total fertility rate) 

on a certain criterion adopted by the procedures in the method. Once the estimates of these parameters are 

obtained, the estimation of fitted mean parities and hence the age specific fertility rates are straightforward. The 

newly developed solution method has been found to favorably compare with the existing method in estimating 

fertility levels in Nigeria. 
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INTRODUCTION 

Nigeria is one of the developing and most populous 

country in Africa. Also it is one of the rapidly 

growing population in the continent. The rate of 

population growth is currently put at about 3.18 per 

cent per year. The most recent 2013 Nigerian 

Demographic and Health Survey (NDHS) reported a 

total fertility rate (TFR) of about 5.5 children per 

woman, as compared with 5.7 births per woman in 

2003 and 2008. Although fertility is speculated in 

some quarters, there is no enough empirical evidence 

of fertility decline. It is equally not clear whether the 

rapid population growth is the result of the decline in 

mortality levels accompanied by constant fertility or 

a tendency to over-estimate fertility levels due to 

poor history of successful censuses in the past and an 

almost complete absence of an efficient nation-wide 

vital registration system. 

 

Current and accurate estimates of fertility in Nigeria 

remain evasive due to an almost complete absence of 

an efficient and effective nation-wide vital 

registration system. Population exercises in the 

country have been characterized with controversies 

and are often inconclusive and hence unreliable. 

Available estimates of fertility are based on the 

results of sample surveys with attendant 

inadequacies. 

 

The summary of it all is that the quality of 

demographic data in Nigeria is generally bad. Data 

that is meager and defective limits understanding of 

population dynamics, fertility inclusive, in the 

country. The controversy arising from fertility 

estimates in many developing countries is mainly due 

to the poor data quality. For instance, fertility decline 

in Zimbabwe has been tested and tried with different 

studies coming up with contradictory conclusions 

(Muhwava, 2002). Similarly debates are going on in 

South Africa (Moultrie and Timeus, 2003; Moultrie 

and Dorrington, 2008; Udjo, 2008). 

 

Erroneous information also produces inaccurate 

population development forecasts and planning as 

decision based on the results could be compromised. 

As a result, indirect estimation of demographic 

parameters has proven to be very useful in the 

developing world, as its application to census and 
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survey data has greatly expanded knowledge of the 

demographic situations in these deficient countries 

(Brass, 1996). Moultrie and Dorrington, 2008 also 

argued that even with improvements in vital 

registration systems and census methodologies, 

together with the expansion of coverage of the 

Demographic and Health Surveys, indirect techniques 

of estimating demographic parameters are still 

necessary throughout Africa. 

 

William Brass first initiated these techniques in the 

1960‟s with the aim of employing more reliable 

features of poor demographic data, so as to produce 

robust measures (Brass, 1964). Indirect estimation 

takes into account the most probable sources of errors 

and minimize their influence. This is done through 

the use of demographic models or by making 

assumptions that translate into clear mathematical 

relationships. In addition, indirect estimation is a 

divergent from collection of data of uncertain quality 

towards the use of information that is indirectly 

related to the demographic parameters, and which 

could be collected more reliably (Zlotnik and Hill, 

1981). The techniques have been referred to as 

„disaster rescue‟ for data deficient countries as they 

are relatively cheap to apply, and yet produce more 

reliable results (Brass, 1996). However the different 

techniques are based on specific assumptions and the 

robustness of the available data, thus they deserve 

caution in application. 

 

This research work looks at the indirect estimation of 

fertility by applying the often-used Relational 

Gompertz Models in Nigeria and comparing its 

estimate with the newly derived solution method of 

the model as suggested by the researcher. Fertility, 

which is the frequency of child bearing in a 

population and measured by the number of live births 

in the population, is an important demographic 

variable that is inextricably linked to socio-economic 

development, and effects the health and well-being of 

a population. Thus it is imperative to accurately 

estimate levels of fertility. It is therefore, in the 

interest of this work to compare the Brass solution 

method and the method developed by the researcher 

in estimating fertility levels in Nigeria using 

Relational Gompertz Model which is expected to 

optimize fertility estimation in the country. 

As indicated earlier, the main focus is to compare the 

Brass Solution Method and the Method developed by 

the researcher in estimating fertility levels in Nigeria 

using Relational Gompertz Model. 

 

The model is designed and used as a diagnostic tool 

and estimation technique  for the evaluation and 

adjustment of fertility estimates obtained from 

retrospective reports on recent (current) and period 

fertility (i.e. birth histories). Here, the Gompertz 

Model is fitted to the fertility rates reported by age of 

mother and hence, obtain an estimate of total fertility. 

Basically, the model is a refinement of the Brass P/F 

ratio method that seeks to estimate age-specific and 

total fertility by determining the shape of the fertility 

schedule from data on recent births reported in 

censuses or surveys while determining its level from 

the reported average parities of younger women. 

 

In producing estimates of age-specific and total 

fertility, the method seeks to remedy the errors 

commonly found in fertility data associated with too 

few or too many births being reported in the 

reference period, and the under-reporting of lifetime 

fertility and errors of age reporting among older 

women. 

 

The method relies on a useful property of a 

(cumulated) Gompertz function (distribution) given 

by  which is 

Sigmoidal (i.e. S-shaped), but also has an associated 

hazard function that is right-skewed and which 

therefore captures fairly well both the pattern of 

average parities of women by age and their 

cumulated fertility. 

 

Here,  is the cumulative fertility rates up to age 

x,  is the total fertility, and  and  are positive 

constants less than unity respectively for a particular 

set of rates. 

 

Series of the form of the function through 

transformations, modifications and standardization by 

many researchers most especially Brass (1977, 1980) 

and Zaba (1981) were obtained to adjust the model 

(usually termed as “relational model”) to a linear 

function like the one suggested by Brass;             

, to capture proportional 

cumulated fertilities or average parities in most of the 

age groups of women. 

 

The newly developed method by the researcher using 

the same model assumes that if the mean parities for 

older women of the fertility age groups are generally 

unacceptable, and that the modified and standardized 

Relational Gompertz Model is believed to fit the 

population data; then an estimate of the Total Fertility 

Rate and hence age specific fertility rates may be 

obtained.  

 

The main focus of the method is to fit the Brass 

model by estimating the demographic parameters 

on a certain criterion adopted by the 

procedures in the method. Once the estimates of these 

parameters are obtained, the estimation of fitted mean 

parities and hence the age specific fertility rates are 

straightforward 
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Details of the Brass solution method and the newly 

developed method by the researcher are given in the 

Model Specification section of this paper. 

 

Statement of the Problem 

Like many developing countries, mostly in Africa, 

Nigeria suffers from demographic data deficiency 

and defectiveness.  

 

In spite of the United Nations Principles and 

Recommendations for vital Statistics Revision 2 

(United Nations, 2003) that urged governments to 

establish and maintain reliable civil registration 

systems for legal documentation on events 

throughout the lifetime of individuals from birth, 

changes in marital status, and to death, vital 

registration in Nigeria is poor. Although, it is stated 

in the National Policy on Population that registration 

of birth, identity and deaths shall be a national code 

of ethics (Ransome-Kuti, 1988), and that legislation 

and regulations governing registration of vital events 

shall be enforced (NPC, 2004); up till now, it is not 

yet ascertained the enforcement of the legislation and 

regulations governing compulsory registration of 

vital events in Nigeria. Registration of births, deaths 

and other events has continued to have a very poor 

performance in the country. 

 

Throughout the colonial period and even till date, the 

operating of vital registration system in the country 

lacked uniformity in operations. Besides, coverage is 

both incomplete and inaccurate (NPC, 2010). An 

examination of the spatial volume of coverage of 

vital registration in Nigeria in the context of the 

administrative structure that have been put in place 

over the decades as of today, the spatial coverage is 

low and is only much effective in urban areas, states 

and local government headquarters. In the rural areas 

on the other hand, the impact is almost absent due to 

inaccessibility of rural settlements. What can be 

deduced here is that because there are more rural than 

urban localities in almost all the states in Nigeria, the 

spatial coverage cannot be said to be above average 

(Salawu, 2009). 

 

Several decades after the establishment of the 

compulsory registration of births, deaths and other 

vital events in Nigeria, only a small proportion of 

these events are actually registered with national 

coverage for birth registration put at 30% with 49% 

in urban areas and 22% rural areas (Akande T.M. and 

Sekoni O.O, 2005; Akesode, 2008). Thus, about 70% 

of over 5 million births annually go unregistered 

(Mclaw-Binns, Fox K. et al 2006).  

 

Even the limited registered cases as pointed out 

above suffer from serious reporting errors due to 

people registering at their own individual 

convenience (Markaljane, 1985). This renders 

information from vital registration system in the 

country unusable for estimating demographic 

parameters. 

 

Consequently, the inefficient vital registration system 

leaves retrospective information from censuses and 

surveys as the main source of fertility data in Nigeria. 

Nonetheless, these data sources, most especially 

population censuses have not solved the problem of 

demographic estimation in the country as they also 

suffer from coverage and reporting errors.  

 

Generally, census exercise in Nigeria has always 

been marred by crisis, litigations and cancelations of 

figures. Furthermore, population has always been 

contentious issue, censuses conducted in the country 

have been controversial and have on occasion give 

rise to impassioned concerns from sections of the 

population (NDHS, 2003). Out of the five post-

independence censuses conducted in Nigeria, two of 

them were out rightly cancelled because of alleged 

irregularities. Even those that were accepted are far 

from been credible.  

 

The poor data quality in the country as summarized 

above warrants the use of indirect estimation of 

demographic parameters in Nigeria. Various 

demographic techniques for estimation of fertility 

have been developed to compensate incomplete and 

defective data. Nevertheless, these techniques do not 

provide a utopia for poor data populations. The 

models for (analyzing) converting the data are such 

that the reliability of the results depends on both the 

accuracy of the basic data collected and the degree to 

which the assumptions of the models are met by a 

particular population. That being the case, serious 

prudence should be exercise when applying these 

models. 

 

Therefore, considering the uncertainties inherent in 

the Nigerian demographic data, it is inevitable that 

indirect techniques that are backed up by 

mathematical and statistical proofs are employed in 

order to obtain reliable and optimal estimates.  

 

Against this background, this work is an attempt to 

improve on fertility documentation in Nigeria. Indeed 

the usefulness and reliability of demographic 

parameters and estimates derived from the censuses 

and surveys depends on the quality of data collected, 

as well as the method of estimation. It is therefore, in 

the interest of this work to compare the Brass 

solution method and the method developed by the 

researcher in estimating fertility levels in Nigeria 

using Relational Gompertz Model which is expected 

to optimize fertility estimation in the country. 
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Objectives of the Study 

The objectives of this study are to: 

i. assess the applicability of the Relational 

Gompertz model using Brass solution method 

and the newly derived method by the researcher 

in estimating fertility levels in Nigeria. 

ii. estimate fertility levels in Nigeria using the 

estimated fertility parameters of the Relational 

Gompertz model obtained from the two methods. 

iii. examine and compare the results obtained in the 

two methods. 

 

Data Sources 

Traditionally, demographic parameters are based on 

vital registration systems and censuses, vital 

registration provides the numerators while census 

provides denominators of the rates. Censuses can be 

defined as official and complete periodic counts of a 

population together with its basic socioeconomic and 

demographic characteristics. Accordingly, 

information gathered through censuses should 

provide the best snap-shots for fertility estimation. 

However, as indicated earlier, deficiencies regarding 

coverage and content errors threaten the plausibility 

of this important source of data.  

 

On the other hand, vital registration systems are 

defined as “the continuous, permanent and 

compulsory recording of occurrences and 

characteristics of vital events primarily for their value 

as legal documents as provided by law and 

secondarily for their usefulness as a source of 

statistics” (Pollard et al., 1983:8). This information is 

gathered by means of issued official certificates. It is 

therefore imperative to indicate that vital registration 

is a good source of fertility data because it has a 

universal coverage supported by legislation, thus 

compulsory and free from sampling error. An 

efficient registration system provides size, trends, 

patterns and causes of vital events. 

 

Nonetheless, relative to censuses, this source of 

demographic data is very deficient in Nigeria as 

several decades after the establishment of the 

compulsory registration of births, deaths and other 

vital events in the country, only a small proportion of 

these events are actually registered with national 

coverage for birth registration put at 30% with 49% 

in urban areas and 22% rural areas (Akande T.M. and 

Sekoni O.O, 2005; Akesode, 2008). Thus, about 70% 

of over 5 million births annually go unregistered 

(Mclaw-Binns, Fox K. et al 2006).  

 

Given the deficiency in and inefficient vital 

registration in Nigeria, population censuses and 

surveys have become the primary sources of fertility 

data.  

 

In this research work, national surveys are used to 

demonstrate and estimate fertility levels using 

Relational Gompertz Models.  The national Surveys 

conducted to date in Nigeria include the 1981/82 

World Fertility Surveys (WFS) and the 1990, 1999, 

2003, 2008 and 2013 National Demographic and 

Health Surveys (NDHSs). 

 

This study opted for most recent national surveys; 

thus the last three national surveys conducted in the 

last decade were considered for this study; the 

reasons being that the older ones are considered 

obsolete. 

 

The 2003, 2008 and 2013 National Demographic and 

Health Surveys (NDHS) 

 

The 2003, 2008 and 2013 National Demographic and 

Health Surveys, among other older surveys were 

conducted by the National Population Commission. 

The surveys which were the third, fourth and fifth 

National Demographic and Health Surveys in the 

country were respectively designed to provide up-to-

date information on background characteristics of the 

respondents; fertility levels; nuptiality; sexual 

activities; fertility preferences; awareness and the use 

of family planning methods; breast feeding practices; 

nutritional status of mothers and young children; 

early childhood mortality and maternal mortality; 

maternal and child health; and awareness and 

behavior regarding HIV/AIDS and other sexually 

transmitted infections. The target groups were 

women age 15-49 years and men age 15-59 years in 

randomly selected households across Nigeria. 

 

The productions of the surveys‟ reports within nine 

months as regards each of the surveys after the 

completion of fieldwork respectively are 

unprecedented, making the findings relatively timely 

and up-to-date. The enforcement of standards and 

consistency and a response rate of more than 95 

percent in each case make their findings very reliable. 

 

Number of Households, Number of Interviews, and 

Response Rates (NDHS 2003, 2008, 2013) 
 2003 2008 2013 

Household Interviews 

Households selected 
Households occupied 

Households Interview 

 

7,864 
7,327 

7,225 

 

36,298 
34,644 

34,070 

 

40,320 
38,904 

38,522 

Household Response rate 98.6% 98.3% 99.0% 

Interview with women age 15-49 
Number of eligible women 

Number of eligible women 

interview 

 
7,985 

7,620 

 
34,596 

33,385 

 
39,902 

38,948 

Eligible women response rate 95.4% 96.5% 97.6% 

Interview with men age 15-49 

Number of eligible men 

Number of eligible men 
interview 

 

2,572 

2,346 

 

16,722 

15,486 

 

18,229 

17,359 

Eligible men response rate 91.2% 92.6% 95.2% 
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The sample of each of the surveys was nationally 

representative and covered the entire population 

residing in non-institutional dwelling units in the 

country. The sampling frame (list of enumeration 

areas (EAs)) used for both the 2008 and 2013 NDHS 

was the 2006 Population and Housing Census of the 

Federal Republic of Nigeria conducted in 2006, 

provided by the National Population Commission 

(NPC). On the other hand the list of enumeration 

areas developed from the 1991 population census was 

used to select sample frame for the 2003 NDHS. 

 

The surveys individually included a series of detailed 

and specific questions to facilitate estimation of 

retrospective and current fertility (the subject matter 

of this research work). The following questions were 

used in the surveys to collect information needed for 

fertility estimates: 

1. In what month and year were you born? 

Month……… Year……….. 

2. How old were you at your last birthday? 

Age in completed Years. 

3. Have you ever given birth? Yes or No 

4. Do you have any sons or daughters to whom 

you have given birth who are now living 

with you? Yes or No. 

5. How many sons live with you? Sons at 

home………  

 

And how many daughters live with you? Daughters at 

home………. 

6. Do you have any sons or daughters to whom 

you have given birth who are alive but do 

not live with you? Yes or No. 

7. How many sons are alive but do not live 

with you? Sons elsewhere…………….. 

 

And how many daughters are alive but do not live 

with you? Daughters elsewhere……… 

8. Have you ever given birth to a boy or girl 

who was born alive but later died? Yes or 

No. Probe: Any baby who cried or showed 

signs of life but did not survive? 

9. How many boys have died? Boys 

Dead…….. And how many girls have died? 

Girls Died….. 

10. So altogether you had……….. Children? 

11. Have you had any live births in the last 12 

months? 

12. If yes, how many boys and how many girls? 

13. How many boys and how many girls are still 

alive altogether? 

 

It is very much obvious from above that the 2003, 

2008 and 2013 NDHSs had comprehensive questions 

aimed at minimizing reporting errors. In view of this, 

assuming that each of these surveys is representative, 

it would be expected to be the most appropriate data 

sets to estimate recent fertility levels in Nigeria. The 

data sets which had permitted direct estimation of 

fertility will be used to compare with the indirect 

fertility estimates. 

 

MODEL OUTLINE/SPECIFICATION 

The Gompertz function (Gompertz, 1825), which was 

originally developed as a description of mortality, has 

the form 

   (1) 

Where  is the cumulative fertility rates up to age 

x,  is the total fertility,  and  are positive 

constants less than unity respectively for a particular 

set of rates. This was later found to be a good 

representation of fertility distributions (Brass, 1980, 

1981; Martin, 1967; Murphy and Nagnur, 1972; 

Wucesh, 1966). Besides , the other two parameters 

 of the curve have explicit demographic 

interpretations. Thus  is the proportion of total 

fertility  computed by age  (origin) and  is 

related to the extent of peakedness of the fertility 

distribution.  

 

In order to simplify the comparison of the Gompertz 

model with observations required for exploratory 

analysis, Brass suggested double logarithm of the 

function: 

By taking the logarithm the first time, the function 

becomes: 

 
Changing the signs of both sides by multiplying by 

minus (-); we have: 

 
Suppose , we have:  

 
Taking the logarithm the second time, we have: 

 

Or  

Or  

Or  

Multiplying both sides by minus (-), we have: 

 

i.e.  

………………………………………………

……….. (2) 

here  
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where  respectively are the 

cumulative fertility rate to exact age  is a 

parameter approximating the total fertility rate; 

 are the parameters measuring location and 

dispersion of the distribution.  

 

This equation has been found to be a good 

representation of the fertility distribution in the 

central age range, but the fit to the observations at the 

early and late ages (i.e. the tails of the distributions) 

is not good enough. As in the Brass‟s logit model life 

table system in which the assumption of a linear 

relationship of a given table, , to a common 

standard, , has proved successful, the fit of the 

Gompertz model at the tails of the fertility 

distribution can be greatly improved by relating 

similarly  to a suitable standard,  rather 

than to . Thus the modified Gompertz function (i.e. 

Gompertz Relational Model) is written as linear 

relationship of the type: 

          (3) 

Where  and  measure location and scale of the 

transformed variable and 

          (4) 

The standard schedule (i.e. standard set of values), 

, can be derived from a standard set of fertility 

pattern(rates) chosen to represent an average pattern 

(shape). Such a standard has been developed (Booth, 

1979, 1980 & 1984) from a series of reported fertility 

distributions and Coale-Trussel fertility models 

(Coale and Trussell, 1974), which are still used in the 

model to this day. 

 

A “Relational” Gompertz Fertility Model (this is a 

relational system as it relates an observed  

schedule to the standard  by a simple function) 

can be fitted to the mean parities,  (  for age 

groups 15-19,  for 20-24, etc), as well so that 

      (5) 

Evidently, in both cases, if and , the 

fertility schedule will be identical to the standard 

fertility schedule. Alpha  represents the extent to 

which the age location of childbearing in the 

population differs from that of the standard (negative 

values imply an older distribution of ages at 

childbearing than in the standard), while beta,  is 

a measure of the spread of the fertility distribution 

(values greater than 1 imply a narrower distribution). 

In the application of the relational model, the total 

fertility, , must either be reliably known or 

estimated. If , that is, the number of children 

ever born as reported by mothers of ages , is 

accurate, it is then roughly taken as . Also, the 

cumulated (period) fertility to the end-point of each 

age group, given by , (i.e. the 

total fertility, TF) which is the original method 

proposed by Brass (1979) can be approximately taken 

as . But experience suggests that the total fertility 

reported by older women is low owing to omission of 

births and probably selection bias. In nutshell, there 

are two inherent weaknesses in this approach. First it 

requires total fertility as an input, and estimates of 

total fertility available from reported age-specific 

fertility rates (ASFRs) may be biased. In fact, total 

fertility is often the parameter of greatest interest that 

the analyst is trying to estimate. The second 

weakness is the implicit assumption of constant 

fertility over time, arising from the treatment of the 

parity Gompertz function.  In such a case, we have a 

three-parameter system in which ,  have to 

be estimated. 

 

Both limitations above are addressed 

comprehensively by Zaba‟s (1981) reformulation of 

the method, which avoids the circularity of the 

original method (which circumvents the unknown  

and yields better results), while also dropping the 

need to assume that fertility has been constant.  

Zaba (1981) has developed a simple and elegant 

method of fitting the model by separating the fertility 

pattern measured by  and  from the estimation of 

fertility level , instead of using  and , 

which require reliable information on total fertility, 

the ratios  and  are used and assumed to 

follow a Gompertz form. Thus defining 

……………… (6) & 

…………………… (7) 

Expanding in each case by Taylor series in the 

vicinity of the standard value of , one gets 

respectively, 

  (8) 

& 

    (9) 

Where , put for the result of 

differentiating  respectively with 

respect to , and the values 

 are based on the chosen 

standard fertility schedule and tabulated. 
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It follows from above that a plot of  

against  in case of fertility data and a plot of 

 against  should respectively be a 

straight line with slope  and intercept .  

 

By convention, the points derived from the parity 

data are known as  and those derived 

from the fertility rates are known as . 

The goal of the model-fitting procedure is to 

determine the parameters  and  in 

 above. The values of  and  are 

used to derive the relational models,  

Deriving a fitted fertility distribution using the 

relational Gompertz method requires tabulations of 

calculated average parities and fertility rates by age 

groups. The fertility rates are cumulated and ratios of 

successive cumulated values are computed. Ratios of 

successive average parities are also calculated. These 

ratios are used to plot the two pairs of points 

against , and  against 

. The fitted lines will have slopes equal to  and 

intercepts, . The values of  and  are used to 

transform the model of the standard cumulants into 

fitted models, which are then converted to fitted 

average parities and fertility rates. The level of 

fertility is set by the most reliable parity points. These 

are usually those on women aged 

 who are both less likely to 

omit births and likely to report their ages more 

accurately than older women.   

 

The researcher observed that the major problem of 

the Gompertz relational model is how to estimate 

 on a certain criterion. A simple 

procedure has been suggested, and the details of 

which are shown as follows:   

Using equation (2) and (3), we can write, 

    (10) 

Replacing by , we get: 

   (11) 

Or,  

Or,  

Or,   (12) 

Now, equation (5) has three unknown parameters 

such as These can be estimated by 

taking three selected values of  (where 

 

 

Let us suppose  are the mean 

parities for the age groups 

 respectively. Then 

equation (6) becomes 

  (a) 

   (b) 

   (c) 

Now, subtracting equation (b) from (a), we get: 

 

 …………………………………….. (13) 

Similarly, subtracting equation (c) from (b), we get: 

  (14) 

Dividing equation (8) by equation (7): 

 

  (15) 

 

Since  

are all known constants, the problem now is to 

provide solution for  One might be tempted 

to obtain   by iteration method or trial and error 

using equation (9). Once  is known  can be easily 

estimated. 

 

Now the researcher estimated  in the following way: 

Let LHS of equation (15) be : 

i.e.  

, 

Collecting the like terms, we have: 

, 

, 

Multiplying both sides by , we have: 

, 

, 

. 

Now with 

 we have: 

, 

i.e.  

i.e. , 

By approximating  coefficient to 1 decimal place, 

we have: 

, 
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, 

Let  

, 

i.e.  

i.e.  

Solving by quadratic formula: 

 

, 

i.e.  

, 

.    (16) 

Once  is obtained as above,  can be estimated by 

the following way: 

From equation (9): 

. 

Or,  

 

From equation (15), we get: 

, 

Or 

, 

Or 

, 

Or, , 

    (17) 

And finally, from equation (5) we get the value of  

as follows: 

 

Or,  

Or,  

Or,  

Or,  

   (18)  

Now, substituting the estimates of  

can be obtained from: 

. 

These  values can then be converted into  as 

follows: 

    (19) 

Since the value of  is known, the cumulative 

fertility  can be estimated from: 

    (20) 

And hence the age specific fertility rates from:  

      (21) 

Where  is the length of the age interval which is 

generally 5 years. 

 

 

PRESENTATION OF DATA AND ANALYSIS 

 See Tables 1 – 16 in the Appendix 

 

Table 17: Summary Estimates Of Various Methods In Estimating Fertility Levels In Nigeria Using Relational 

Gompertz Model 
METHOD OF ESTIMATION TOTAL FERTILITY RATE (TFR) 

Based on NDHS, 2003 

Observed (NDHS) 

Relational Gompertz Model: New Solution Method (Author) 
Relational Gompertz Model: Current Fertility (ASFR) 

Relational Gompertz Model: Lifetime fertility (Mean Parities) 

 

5.6645 (5.7) 

5.5168 (5.5) 
5.7550 (5.8) 

6.9771 (7.0) 

Based on NDHS, 2008 

Observed (NDHS) 

Relational Gompertz Model: New Solution Method (Author) 

Relational Gompertz Model: Current Fertility (ASFR) 
Relational Gompertz Model: Lifetime fertility (Mean Parities) 

 

5.7205 (5.7) 

5.6865 (5.7) 

5.5868 (5.6) 
6.6224 (6.6) 

Based on NDHS, 2013 

Observed (NDHS) 

Relational Gompertz Model: New Solution Method (Author) 
Relational Gompertz Model: Current Fertility (ASFR) 

Relational Gompertz Model: Lifetime fertility (Mean Parities) 

 

5.5540 (5.6) 

5.0350 (5.0) 
5.5368 (5.5) 

6.4794 (6.5) 
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DISCUSSION OF RESULTS 

Observed Estimates from NDHS Data 

The results of estimates of fertility levels from the 

number of births by women in Nigeria, NDHS 2003, 

2008 and 2013 are respectively presented in Tables 4,  

 

5 and 6. Indices of lifetime fertility (period fertility) 

presented by average parities in the three tables 

suggest that childbearing mainly begins after age 20 

in Nigeria generally; as most women have their first  

 

child between age 20-24. It is also observed from 

these tables that by the end of the reproductive 

period, an average Nigerian woman would have born 

7 children from the average parities (Children Ever 

Born data). 

 

According to the reported births in the twelve months 

prior to the 2003, 2008 and 2013 NDHS respectively, 

a given Nigerian woman would have an average of 6 

children at the end of her reproductive period. Each 
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Age Specific Fertility Rate estimated in the tables is 

at almost every age group with a peak in age groups 

25-29 and 30-34. The TFR figures, between 5.5 and 

5.7 are a child lower than that implied by the mean 

parities which are between 6.8 and 7.0. This may be 

due to the fact that recent birth reports in the three 

NDHS are likely to have been under reported and 

over reporting of period fertility (lifetime fertility).  

 

In general, the reported fertility estimates (TFR) of 

between 5.5 and 5.7; relatively less than 6 children 

per woman have indicated a small decrease in the 

TFR which may prompt one to conclude that the 

fertility in the country is somehow constant in the last 

decade. 

 

Application of Relational Gompertz Model to 

Current Fertility Data and Mean Parities (CEB) 

Fitting of Relational Gompertz Model to current 

fertility data of women in Nigeria for the three NDHS 

surveys are shown in Tables 7, 9 and 11 respectively. 

The TFR are estimated as 5.7550, 5.5868 and 5.5368 

respectively. These figures seem to agree with the 

reported estimates of relatively less than 6 children 

per woman in Nigeria. One can conclude that the fit 

by the model is generally satisfactory. 

 

On the other hand, the TFR estimates are on the 

higher side with the application of the Relational 

Gompertz Model to Mean Parities data of women in 

Nigeria in the three NDHS surveys. These estimates 

are shown in Tables 8, 10 and 12 with TFR 6.9771, 

6.6227 and 6.4794 respectively. These figures give a 

less than 7 children per woman in the country and 

also seem to agree with the reported mean parities in 

the three surveys. As indicated earlier, the higher 

TFR might be as a result of over reporting of period 

fertility in the surveys. 

 

Application of the Relational Gompertz Model – 

New Solution Method 

Tables 13, 14, 15 and 16 show the application of 

Relational Gompertz Model – New Solution Method 

to children ever born by Nigerian Women in the three 

NDHS (2003, 2008 and 2013). 

 

On the whole, if fertility has not changed, the mean 

parities for the different age groups should well be 

fitted by the model with 

; 

 and 

 

respectively for the three NDHS surveys. In fact as 

illustrated by these tables, the fits with the 

corresponding parameters respectively are 

generally good as the cumulated mean parities for the 

last age group: 45-49 generally correspond with the 

TFR obtained from the observed estimates and the 

fitted estimates unlike the observed estimates from 

NDHS which are on the higher side. The observed 

high mean parities have been successfully adjusted 

by the New Solution Method of the Relational 

Gompertz Model. 

 

This method does not only estimate mean parities for 

each age group but it also estimates the Age Specific 

Fertility Rates simultaneously; a double advantage 

over the other Relational Gompertz Model given by 

Brass and modified by Zaba. The conventional 

Gompertz Model gives only the TFR for each age 

group i.e.  if each group of women were to 

experience their reproductive period (15-49). 

 

The method gives a relative constant fertility of 

approximately 6 children per woman from NDHS 

2003 and 2008, but a decrease of 1 child by a woman 

in Nigeria during NDHS 2013 (i.e. 5 children per 

woman).  

 

The method has succeeded in adjusting the mean 

parities by each age group which cumulated into 

approximately between 5 and 6 children in the last 

age group 45-49. These figures agree with the 

observed TFR of between 5 and 6 children per 

woman. Unlike the sharp difference in the observed 

estimates of mean parities (age group 45-49) that 

indicates between 6.77 and 7.03 as against the TFR 

of between 5.5 and 5.7 in the last decade. 

 

On the whole, it is evident that the rate of decrease of 

TFR (less than 6 children per woman), which is 

considered as high in Nigeria in the last decade has 

been very slow.  

 

Again, when compared with the target figures in the 

1988 Nigeria National Population Policy and 

reviewed in 2004 as National Policy for Sustainable 

Development which is aimed at improving the quality 

of life of the population and achieving lower 

population growth rates through reduction of birth 

rates by voluntary fertility regulation methods: Some 

of the set targets of the policy are: (i) to reduce the 

proportion of bearing more than four children by 50 

percent by 1995 and by 80 percent by the year 2000 

and (ii) to reduce the total fertility rate per woman 

from over six to four children by the year 2000 (later 

by the year 2015) and the population growth rate 

from about 3.3 percent to 2.0 percent per year by the 

year 2000 (later by the year 2015) among others. To 

achieve the set goals and targets, some of the 

strategies adopted are – making family planning 

services easily affordable, as well as safe and 

culturally acceptable, mobilizing relevant agencies, 

both private and public, for effective service delivery 

and pursuing aggressive population information, 

education and communication programmes among 

others. The country has also invested a lot of 
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resources to achieve the set targets. Some non-

governmental organizations like International 

Planned Parenthood Federation (IPPF), Planned 

Parenthood Federation of Nigeria (PPFN), and the 

United Nations Fund for Population Activities 

(UNFPA) have also made a lot of contributions 

towards achieving these goals. 

 

The questions now are: what level of achievement 

has Nigeria made on fertility reduction? Is there 

enough evidence to show that fertility level is 

reducing or will reduce? These and other related 

questions have been conveniently addressed by this 

study as the TFR of 6 children per woman is 

considered high and constant. This has definitely 

defeated the effectiveness and policy strategies of 

National Policy on Population in Nigeria to date. 

 

SUMMARY 

Accurate fertility estimation is important for analysis 

of population dynamics and policy development. This 

research work has presented substantial defectiveness 

in Nigerian fertility data as a result of evaluation of 

their quality, hence the usefulness of indirect 

demographic techniques. 

 

This research work considered the most commonly 

indirect estimation methods of fertility levels, i.e. 

Brass Relational Gompertz Model as modified by 

Zaba this technique was modeled. Both models were 

applied to estimation of fertility levels in Nigeria. 

 

Highlights of necessary steps and procedures to 

undertake in order to optimally estimate fertility 

levels in Nigeria using both models for comparison 

were given. Information on retrospective and current 

fertility from the 2003, 2008 and 2013 Nigeria 

Demographic and Health Surveys (NDHS) were 

evaluated for the application of both models. 

 

Table 17 and its summary graphs present the 

estimates of total fertility rates (TFR) for the 

observed and from both application of BRGM (as 

modified by Zaba) and the new solution Method of 

RGM. Estimates from all the methods suggested that 

an average Nigerian woman will have approximately 

between 5 and 6 children during her lifetime 

reproductive period 15-49 year. 

 

 

CONCLUSION 

From the results obtain in the last chapter, It could be 

seen that estimates of TFR from the application of the 

new solution method of RGM are found to 

favourably compare with the existing method of 

RGM (as modified by Zaba) in estimating fertility 

levels in Nigeria. Therefore, preference of this new 

solution method to other existing method is 

ascertained. 

Results of estimates obtained generally give a relative 

constant fertility of approximately six children per 

woman in Nigeria. In other words, an average 

Nigerian woman will have approximately six children 

if such a woman were to experience her lifetime 

reproductive period (15 years – 49 years). This is 

otherwise referred to as mean parity of an average 

Nigerian woman. Therefore on the whole, it is 

evident that the rate of decrease of TFR 

(approximately six children per woman), which is 

considered as high in Nigeria in the last decade, has 

been very slow. 

 

Again, comparing this estimate of TFR with the 

target figures, as proposed in the 1988 Nigeria 

National Population Policy, reviewed in 2004 as 

National Policy for Sustainable Development, which 

is aimed at improving the quality of life of the 

population and achieving lower population growth 

rates through reduction of birth rates by voluntary 

fertility methods which include (i) to reduce the 

proportion of bearing more than four children by 50% 

by 1995 and by 80% by the year 2000 (ii) to reduce 

the total fertility rates per woman from over six to 

four children by the year 2000 (later reviewed as by 

the year 2015) and population growth rate from about 

3.3% to 2.0% per year by the year 2000 (later by the 

year 2015) among others; the level of achievement of 

this target fertility figures is very far from healthy as 

there is little or no enough evidence to show that 

fertility level is reducing or will reduce in the next 

decade. Yes! A TFR of 6 children per woman is 

considered high and constant. This has definitely 

defeated the effectiveness and policy strategies of 

National Policy on Population in Nigeria to date. 

 

RECOMMENDATION 

In view of the foregoing results, the following are 

recommended: 

1. Awareness campaign by both governmental, non-

governmental and related International 

Organizations should be intensified on the 

importance of family planning among the 

population 

2. Family Planning services should be made 

affordable, as well as safe and cultural acceptable 

by the health sector in the country. Also relevant 

agencies, both private and public, for effective 

family planning services should be mobilized 

effectively. 

3. Aggressive Population information, education and 

communication programmes, among others on 

Family Planning in particular and fertility issues 

generally should be embarked upon from time to 

time. 

4. The government of Nigeria should invest the 

more,necessary resources to achieve the set 

targets of National Population Policy (1988) and 

later reviewed as National Policy for Sustainable 
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Development (2004), most especially in the area 

of fertility policy. 

5. Related non-governmental organizations such as 

International Planned Parenthood Federation 

(IPPF) and the United Nations Fund for 

Population Activities (UNFPA) should be 

encouraged to increase the rate of their 

contribution towards achieving the targets of 

National Policy on Population in Nigeria. 

6. Researchers are encouraged to explore the more, 

the use of indirect methods of Demographic 

estimations in general and fertility rates (levels) in 

particular, given deficiencies frequently witnessed 

in Demographic data.  
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APPENDICES 

PRESENTATION OF DATA 

 

Table 1: Distribution Of All Women By Number Of Children Ever Born And Mean Parities According To Age 

Groups, Ndhs, 2003 
 

 

Age 
Group 

Number of Children Ever Born Total 

Numbe

r of 
Wome

n 

 

Number of 

Children 
Ever Born 

 

 

Mean 
Parity 

 

0 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 

10+ 

ALL WOMEN  

15-19 1356 287 55 18 0 0 0 0 0 0 0 1716 451 0.2628 

20-24 622 359 263 158 73 16 03 0 0 0 0 1494 1749 1.1707 

25-29 233 187 221 244 235 148 72 29 07 03 03 1382 3789 2.7417 

30-34 75 62 92 108 140 148 121 106 55 23 11 941 4093 4.3496 

35-39 20 33 46 72 100 83 101 101 100 80 80 816 4839 5.9301 

40-44 38 23 26 29 46 75 82 83 74 82 130 688 4555 6.6206 

45-49 19 20 25 15 51 58 61 54 65 63 152 583 4099 7.0309 

Total 2363 971 728 644 645 528 440 373 301 251 376 7620 23575  

 

 

Table 2: Distribution Of All Women By Number Of Children Ever Born And Mean Parities According To Age 

Groups, Ndhs, 2008 
 

Age 

Group 

Number of Children Ever Born Total 

Number 

of 
Women 

Number 

of 

Children 
Ever 

Born 

 

Mean 

Parity 
0 1 2 3 4 5 6 7 8 9 10+ 

ALL WOMEN 

15-19 5324 870 253 46 0 0 0 0 0 0 0 6493 1514 0.2332 

20-24 2644 1257 1165 681 288 80 12 06 0 0 0 6133 7296 1.1896 

25-29 1256 865 1054 1187 966 593 253 95 26 07 07 6309 15887 2.5181 

30-34 394 348 556 714 727 709 547 334 185 83 37 4634 18304 3.9499 

35-39 188 145 274 399 536 575 524 434 399 231 207 3912 20577 5.2600 

40-44 103 82 155 230 321 400 373 361 324 252 431 3032 18707 6.1699 

45-49 75 80 83 164 247 330 327 336 345 270 615 2872 19702 6.8600 

Total 9984 3647 3540 3421 3085 2687 2036 1566 1279 843 1297 33385 101987  

 

Table 3: Distribution Of All Women By Number Of Children Ever Born And Mean Parities According To Age 

Groups, Ndhs, 2013 
 

Age 
Group 

Number of Children Ever Born Total 

Number 
of 

Women 

Number 

of 
Children 

Ever 

Born 

 

Mean 
Parity 

0 1 2 3 4 5 6 7 8 9 10+ 

ALL WOMEN 

15-19 1361 223 49 08 0 0 0 0 0 0 0 7820 1641 0.2098 

20-24 3164 1979 1660 989 294 74 08 0 0 0 0 6757 8168 1.2088 

25-29 3251 2527 3344 3493 2954 1802 817 260 93 0 0 7145 18541 2.5950 

30-34 2013 1537 2295 3053 3702 3421 2749 1580 844 325 130 5467 21649 3.9599 

35-39 1139 966 1783 2452 3418 3517 3319 3022 2403 1561 1189 4718 24769 5.2499 

40-44 897 662 1068 1730 2499 2841 2969 2392 2072 1815 2435 3620 21380 5.9061 

45-49 694 463 902 1504 2198 2660 2614 2915 2244 1920 5043 3422 23157 6.7671 

Total 12519 8357 11101 13229 15065 14315 12476 10169 7656 5621 8797 38949 119305  

 

Summary of Tables 1-3: Distribution Of All Women By Number Of Children Ever Born And Mean Parities 

According To Age Groups, 2003, 2008 & 2013 Ndhs 
 2003 NDHS 2008 NDHS 2013 NDHS 

Age 

Group 

Total No 

of 

Women 

Number 

of 

Children 
Ever 

Born 

Mean 

Parity 

Total No 

of 

Women 

Number 

of 

Children 
Ever 

Born 

Mean 

Parity 

Total No 

of 

Women 

Number 

of 

Children 
Ever 

Born 

Mean 

Parity 

15-19 1716 451 0.2628 6493 1514 0.2332 7820 1641 0.2098 

20-24 1494 1749 1.1707 6133 7296 1.1896 6757 8168 1.2088 

25-29 1382 3789 2.7417 6309 15887 2.5181 7145 18541 2.5950 

30-34 941 4093 4.3496 4634 18304 3.9499 5467 21649 3.9599 

35-39 816 4839 5.9301 3912 20557 5.2600 4718 24769 5.2499 

40-44 688 4555 6.6206 3032 18707 6.1699 3620 21380 5.9061 

45-49 583 4099 7.0309 2872 19702 6.8600 3422 23157 6.7671 

Total 7620 23575  33385 101987  38949 119305  
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DATA ANALYSIS AND RESULTS 

Table 4: Estimates Of Fertility Levels From The Number Of Births By Women In Nigeria, Ndhs, 2003 
 
Age 

Group 

 
No of 

Women 

 
Children 

Ever Born 

CEB 

 
Births in 

Past Year 

 
Mean CEB 

Mean Parity 

 
ASFR Per 

„000 

Period 
Fertility 

(ASFR)  

Cumm. Fertility 

 
15-19 1716 451 216 0.2628 126 0.1259 0.6295 

20-24 1494 1749 342 1.1707 229 0.2289 1.7740 

25-29 1382 3789 379 2.7417 274 0.2742 3.1450 

30-34 941 4093 230 4.3496 244 0.2444 4.3670 

35-39 816 4839 137 5.9301 168 0.1679 5.2065 

40-44 688 4555 50 6.6206 72 0.0727 5.5700 

45-49 583 4099 11 7.0309 18 0.0189 5.6645 

 7620 23575 1365   1.1329  

 
 

Table 5: Estimates Of Fertility Levels From The Number Of Births By Women In Nigeria, Ndhs, 2008 
 
Age 

Group 

 
No of 

Women 

 
Children 

Ever Born 

CEB 

 
Births in 

Past Year 

 
Mean CEB 

Mean 

Parity 

 
ASFR Per 

„000 

Period 
Fertility 

(ASFR) 

 

Cumm. Fertility 

 

15-19 6493 1514 786 0.2332 121 0.1211 0.6055 

20-24 6133 7296 1380 1.1896 225 0.2250 1.7305 

25-29 6309 15887 1672 2.5181 265 0.2650 3.0555 

30-34 4634 18304 1117 3.9499 241 0.2410 4.2605 

35-39 3912 20577 630 5.2600 161 0.1610 5.0655 

40-44 3032 18707 264 6.1699 87 0.0871 5.5010 

45-49 2872 19702 126 6.8600 44 0.0439 5.7205 

 33385 101987 5975   1.1441  

 
 

Table 6: Estimates Of Fertility Levels From The Number Of Births By Women In Nigeria, Ndhs, 2013 
 

Age 
Group 

 

No of 
Women 

 

Children Ever 
Born CEB 

 

Births in 
Past Year 

 

Mean CEB 
Mean 

Parity 

 

ASFR Per 
„000 

Period 

Fertility 

(ASFR)  

Cumm. Fertility 

 
15-19 7820 1641 954 0.2098 122 0.1220 0.6100 

20-24 6757 8168 1588 1.2088 235 0.2350 1.7850 

25-29 7145 18541 1808 2.5950 253 0.2530 3.0500 

30-34 5467 21649 1279 3.9599 234 0.2340 4.2200 

35-39 4718 24769 755 5.2499 160 0.1600 5.0200 

40-44 3620 21380 282 5.9061 78 0.0779 5.4095 

45-49 3422 23157 99 6.7671 29 0.0289 5.5540 

 38949 119305 6765   1.1108  

 
 

Table 7: Fitting Brass Relational Gompertz Model To Current Fertility Data Of Women In Nigeria, Ndhs, 2003 
 

Age 

Group 

 

 

 

 

ASFR 

 

Cumm. 

Fertilit

y 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fitted 

 

 

 

 

 

 

15-19 20 0.1259 0.6295 0.3548 -0.0356 1.3364 -1.3720 -1.4501 -0.7713 -0.8099 0.1056 5.9612 

20-24 25 0.2289 1.7740 0.5641 0.5577 1.4184 -0.8607 -0.7430 -0.0410 -0.1206 0.3236 5.4821 

25-29 30 0.2742 3.1450 0.7202 1.1141 1.2978 -0.1837 -0.0382 0.6290 0.5119 0.5492 5.7265 

30-34 35 0.2444 4.3670 0.8388 1.7385 0.9670 0.7715 0.8356 1.3897 1.2299 0.7465 5.8500 

35-39 40 0.1679 5.2065 0.9347 2.6952 0.4509 2.2443 2.1649 2.4736 2.2530 0.9002 5.7837 

40-44 45 0.0727 5.5700 0.9833 4.0839 0.0462 4.0377 4.4564 4.4984 4.1642 0.9846 5.6571 

45-49 50 0.0189 5.6645 - - - - - 9.3416 8.7357 0.9998 5.6656 

,     
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Table 8: Fitting Brass Relational Gompertz Model To Mean Parities Of Women In Nigeria, Ndhs, 2003 Data Of 

Children Ever Born (Lifetime Fertility) 
 
Age 

Group 

 
 

 

Mean 
Parity 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
Fitted 

 

 

 

 
 

 

15-19 1 0.2628 0.2245 -0.4014 1.2897 -1.6911 -1.7438 -1.0787 -1.1254 0.0459 5.7255 

20-24 2 1.1707 0.4270 0.1614 1.4252 -1.2638 -1.0157 -0.3119 -0.5977 0.1624 7.2087 

25-29 3 2.7417 0.6303 0.7731 1.3725 -0.5994 -0.3355 0.3538 0.0614 0.3905 7.0210 

30-34 4 4.3496 0.7335 1.1714 1.1421 0.0293 0.4391 1.0569 0.5050 0.5469 7.9532 

35-39 5 5.9301 0.8957 2.2059 0.7061 1.4998 1.5120 1.9534 1.2273 0.7460 7.9492 

40-44 6 6.6206 0.9416 2.8105 0.2763 2.5342 3.2105 3.4130 2.4031 0.9135 7.2475 

45-49 7 7.0309 - - - - (5.6460) (1.1100) 0.5478 0.5609 12.5350 

,     

 

Table 9: Fitting Brass Relational Gompertz Model To Current Fertility Data Of Women In Nigeria, Ndhs, 2008 
 

Age 
Group 

 

 

 

 

ASFR 

 

Cumm. 

Fertility 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fitted 

 

 

 

 

 

 

15-19 20 0.1211 0.6055 0.3499 -0.0489 1.3364 -1.3853 -1.4501 -0.7713 -0.8146 0.1045 5.7943 

20-24 25 0.2250 1.7305 0.5664 0.5648 1.4184 -0.8536 -0.7430 -0.0410 -0.1185 0.3244 5.3345 

25-29 30 0.2650 3.0555 0.7172 1.1014 1.2978 -0.1964 -0.0382 0.6290 0.5201 0.5519 5.5363 

30-34 35 0.2410 4.2605 0.8411 1.7542 0.9670 0.7872 0.8356 1.3897 1.2452 0.7498 5.6822 

35-39 40 0.1610 5.0655 0.9208 2.4948 0.4509 2.0439 2.1649 2.4736 2.2784 0.9026 5.6121 

40-44 45 0.0871 5.5010 0.9616 3.2402 0.0462 3.1940 4.4564 4.4984 4.2084 0.9852 5.5836 

45-49 50 0.0439 5.7205 - - - - - 9.3416 8.8250 0.9999 5.7210 

,     

 

Table 10: Fitting Brass Relational Gompertz Model To Mean Parities Of Women In Nigeria, Ndhs, 2008 Data 

Of Children Ever Born (Lifetime Fertility) 
 

Age 

Group 

 

 

 

Mean 

Parity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fitted 

 

 

 

 

 

 

15-19 1 0.2332 0.1960 -0.4884 1.2897 -1.7781 -1.7438 -1.0787 -1.2024 0.0359 6.4958 

20-24 2 1.1896 0.4724 0.2878 1.4252 -1.1374 -1.0157 -0.3119 -0.5424 0.1790 6.6458 

25-29 3 2.5181 0.6375 0.7981 1.3725 -0.5744 -0.3355 0.3538 0.0307 0.3792 6.6406 

30-34 4 3.9499 0.7509 1.2501 1.1421 0.1080 0.4391 1.0569 0.6359 0.5889 6.7073 

35-39 5 5.2600 0.8525 1.8352 0.7061 1.1291 1.5120 1.9534 1.4076 0.7829 6.8463 

40-44 6 6.1699 0.8994 2.2441 0.2763 1.9678 3.2105 3.4130 2.6640 0.9327 6.6151 

45-49 7 6.8600 - - - - (5.6460) (1.1100) 0.6816 0.6030 11.3765 

,     

 

Table 11: Fitting Brass Relational Gompertz Model To Current Fertility Data Of Women In Nigeria, Ndhs, 2013 
 
Age 

Group 

 
 

 

 
ASFR 

 

Cumm. 
Fertilit

y 

 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
Fitted 

 

 

 

 
 

 

15-19 20 0.1220 0.6100 0.3417 -0.0712 1.3364 -1.4076 -1.4501 -0.7713 -0.8009 0.1078 5.6586 

20-24 25 0.2350 1.7850 0.5854 0.6246 1.4184 -0.7938 -0.7430 -0.0410 -0.1037 0.3298 5.4124 

25-29 30 0.2530 3.0500 0.7227 1.1247 1.2978 -0.1731 -0.0382 0.6290 0.5359 0.5570 5.4758 

30-34 35 0.2340 4.2200 0.8406 1.7508 0.9670 0.7838 0.8356 1.3897 1.2620 0.7535 5.6005 

35-39 40 0.1600 5.0200 0.9280 2.5940 0.4509 2.1431 2.1649 2.4736 2.2967 0.9043 5.5513 

40-44 45 0.0779 5.4095 0.9740 3.6365 0.0462 3.5903 4.4564 4.4984 4.2296 0.9855 5.4891 

45-49 50 0.0289 5.5540 - - - - - 9.3416 8.8529 0.9999 5.5546 

,     
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Table 12: Fitting Brass Relational Gompertz Model To Mean Parities Of Women In Nigeria, Ndhs, 2013 Data 

Of Children Ever Born (Lifetime Fertility) 
 
Age 

Group 

 
 

 

Mean 
Parity 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
Fitted 

 

 

 

 
 

 

15-19 1 0.2098 0.1736 -0.5602 1.2897 -1.8499 -1.7438 -1.0787 -1.2247 0.0333 6.3003 

20-24 2 1.2088 0.4658 0.2692 1.4252 -1.1560 -1.0157 -0.3119 -0.5288 0.1833 6.5947 

25-29 3 2.5950 0.6553 0.8612 1.3725 -0.5113 -0.3355 0.3538 0.0754 0.3956 6.5597 

30-34 4 3.9599 0.7543 1.2660 1.1421 0.1239 0.4391 1.0569 0.7135 0.6127 6.4630 

35-39 5 5.2499 0.8889 2.1390 0.7061 1.4329 1.5120 1.9534 1.5272 0.8048 6.5232 

40-44 6 5.9061 0.8728 1.9947 0.2763 1.7184 3.2105 3.4130 2.8519 0.9439 6.2571 

45-49 7 6.7671 - - - - (5.6460

) 

(1.1100) 0.7617 0.6270 10.792

8 

,     

 

Table 13: Fitting Relational Gompertz Model (New Solution Method) To Children Ever Born By Women In 

Nigeria, Ndhs, 2003 
 
Age 

Group 

 

 

Mean 

Parity  

 

 

 

 

 

 

 

 

 

 

15-19 1 0.2628 -1.0789 -1.2480 0.1705 0.0307 0.0341 

20-24 2 1.1707 -0.3119 -0.5775 0.9352 0.1684 0.1529 

25-29 3 2.7417 0.3538 0.0045 2.0526 0.3695 0.2235 

30-34 4 4.3496 1.0663 0.6274 3.2564 0.5863 0.2408 

35-39 5 5.9301 1.9534 1.4029 4.3437 0.7820 0.2175 

40-44 6 6.6206 3.4132 2.6790 5.1861 0.9337 0.1685 

45-49 7 7.0309 -6.0564 4.9897 5.5168 0.9932 0.0661 

 1.1034 

,   

 

Table 14: Fitting Relational Gompertz Model (New Solution Method) To Children Ever Born By Women In 

Nigeria, Ndhs, 2008 
 

Age 
Group 

 

 

Mean 

Parity  

 

 

 

 

 

 

 

 

 

 

15-19 1 0.2332 -1.0789 -1.1499 0.2460 0.0425 0.0492 

20-24 2 1.1896 -0.3119 -0.5908 0.9513 0.1644 0.1411 

25-29 3 2.5181 0.3538 -0.1055 1.9045 0.3291 0.1906 

30-34 4 3.9499 1.0663 0.4139 2.9875 0.5163 0.2166 

35-39 5 5.2600 1.9534 1.0606 4.0929 0.7073 0.2211 

40-44 6 6.1699 3.4132 2.1248 5.1349 0.8874 0.2084 

45-49 7 6.8600 -6.0564 4.0517 5.6866 0.9828 0.1103 

 1.1373 

,   

 

Table 15: Fitting Relational Gompertz Model (New Solution Method) To Children Ever Born By Women In 

Nigeria, Ndhs, 2013 
 

Age 

Group 

 

 

Mean 

Parity  

 

 

 

 

 

 

 

 

 

 

15-19 1 0.2098 -1.0789 -1.1431 0.2203 0.0434 0.0441 

20-24 2 1.2088 -0.3119 -0.4945 0.9844 0.1940 0.1528 

25-29 3 2.5950 0.3538 0.0685 1.9940 0.3931 0.2019 

30-34 4 3.9599 1.0663 0.6711 3.0428 0.5998 0.2098 

35-39 5 5.2499 1.9534 1.4213 3.9849 0.7855 0.1884 

40-44 6 5.9061 3.4132 2.6558 4.7288 0.9322 0.1488 

45-49 7 6.7671 -6.0564 4.8912 5.0349 0.9925 0.0612 

 1.0070 

,   
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Table 16: Observed And Estimated Age Specific Fertility Rates For Nigerian Women: Ndhs 2003, 2008 & 2013 

(Estimated From The Relational Gompertz Model- New Solution Method) 
 
 

Age 

Group 

OBSERVED ESTIMATED 

 
Mean Parities (CEB) 

Age Specific Fertility Rates 
(ASFR) 

 
Fitted Mean Parities (CEB) 

Estimated Age Specific 
Fertility Rates (ASFR) 

2003 2008 2013 2003 2008 2013 2003 2008 2013 2003 2008 2013 

15-19 0.2628 0.2332 0.2098 0.1259 0.1211 0.1220 0.1705 0.2460 0.2203 0.0341 0.0492 0.0441 

20-24 1.1707 1.1896 1.2088 0.2289 0.2250 0.2350 0.9352 0.9513 0.9844 0.1529 0.1411 0.1528 

25-29 2.7417 2.5181 2.5950 0.2742 0.2650 0.2530 2.0526 1.9045 1.9940 0.2235 0.1906 0.2019 

30-34 4.3496 3.9499 3.9599 0.2444 0.2410 0.2340 3.2564 2.9875 3.0428 0.2408 0.2166 0.2098 

35-39 5.9301 5.2600 5.2499 0.1679 0.1610 0.1600 4.3437 4.0929 3.9849 0.2175 0.2211 0.1884 

40-44 6.6206 6.1699 5.9061 0.0727 0.0871 0.0779 5.1861 5.1349 4.7288 0.1685 0.2084 0.1488 

45-49 7.0309 6.8600 6.7671 0.0189 0.0439 0.0289 5.5168 5.6866 5.0349 0.0661 0.1103 0.0612 

    1.1329 1.1441 1.1108    1.1034 1.1373 1.0070 

TFR    5.6645 5.7205 5.5540    5.5170 5.6865 5.0350 

 


