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Abstract  

Marriage instability is one of the demographic features presides over human population 

dynamics. The age-specific marriage instability pattern has a discrete shape for all human 

population, to illustrate which, a number of parametric models have been recommended by 

several authors. The purpose of this study is to build up a mathematical model for fitting 

marriage instability rate pattern of various geopolitical zones of Nigeria. Skew-logistic 

probability density function is used for developing the model. The real data, to which this model 

has been fitted, is obtained from National Demographic and Health Survey (2008). The used 

model is very flexible in nature and hence is useful for modeling diverse marriage instability 

patterns which are observed across different states of the country. The parameters of the model 

have been estimated through the method of non-linear least square. By fitting the model, it is 

observed that the model is a robust model that fits well on the marriage instability pattern for 

all the zones of the country. From our findings, we observed that out of the six geopolitical 

zones, our result shows that marriage instability in north east zone is most prevalent while the 

South East is least prevalent. 

Keywords: Age-Specific marriage instability Rate, Parametric, Skewed, Logistic Probability, 

Density Function, Least Square 

1.0 Introduction 

Marriage instability is one of the demographic features for any population. Divorce or 

termination of marital vows is very rampant across the Nigeria these days. There are times in 

person’s life when it becomes almost impossible to continue with the cordial relationship with 

OJ
Stamp



2 
 

one’s spouse. In such cases one might decide to separate amicably. Cases have been reported 

when husbands murdered their wives and a vice versa. Hence the following questions: Why do 

couples want to terminate their marriage? What happened to the vows and promises that they 

have made to each other when they first got married? These sorts of questions are very 

subjective, as there are no definite answers to be the real causes for divorce; divorce is therefore 

considered as a global challenge. Not all marriages fail for the same reason, nevertheless, but 

some reasons more prominent than others. In these work marriage instability in Nigeria is 

model as a function of some socio-economic and demographic factors/variables. 

1.1 Causes of Marriage Instability in Nigeria 

In marriage, because of our different cultural diversity, problems that result from marital 

breakdown are multidimensional in our society today; the exigencies of these factors either 

combine to or singly rock marriage (Aalen, 1978). It is extremely difficult to understand the 

character of an individual because of human complex behavior patterns. If interaction in the 

family with one of its members leads to conflict, it is a symptom of a sick system. If the 

symptom persists, it may not only cause misery to the individuals but also to the rest of the 

members in that family. Several factors are responsible for marital instability in Nigeria. 

Ahmed (2002) identified the following factors among others are: Cultural and ethnic norms 

that influence how roles are carried out within a given family system, Poor level of exposure 

of spouses, Communication gap, Influence of wrong models, Infidelity, Infertility, Breach of 

Trust, Early Marriage, Sexual Deprivation, Conflict in Marital Roles, Finance and Religious 

Differences. This study tends to propose a model for fitting marriage instability. 

2.0 Modeling Marriage instability Rate Pattern 

Normally, a typical Marriage Instability curve is usually bell-shaped (i.e, normal), having its 

peak at around age 35 for most couples. Marriage Instability starts slowly at around age 25, 

which is beginning of settling homes, reaches its peak at age 35-40 years, and after that starts 

to decline and has very low value after age 45 and usually ends at age 49, which is the end 

point of reproductive age span. 

The general form of a fertility curve is given as follows, Hoem et.al (1981). 

𝑔(𝑥; 𝑅, 𝜃2, 𝜃3, … , 𝜃𝑟 ) = 𝑅. ℎ(𝑥; 𝜃2, 𝜃3, … , 𝜃𝑟)     1 

whereℎ(𝑥;  𝜃2, . . . , 𝜃𝑟) is the probability density function (pdf) on real line having 𝑟 − 1 

parameters, 𝜃’s are the parameters of model, R ,which is the rth parameter, is the total fertility 
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rate (TFR). Using different functions in place of ℎ(𝑥;  𝜃2, . . . , 𝜃𝑟) like Beta and Gamma Hoem 

et.al (1981), Coale and Trussell (1974 and 1978). Inverse Gaussian, Hadwiger 

probabilitydensity function, Hadwiger (1978), Gilje (1940) and Yntema (1949). Different 

models have been proposed by these authors. Some of these models, which represent the 

unimodal marriage instability pattern, show very good fitting to single year marriage instability 

rates, Hoem et.al (1981). In addition to above functions, the Pearson Type I curve, Mitra (1973) 

and Romanuik (1987) and Type III curves Islam and Mallick (1987), the Brass procedures, the 

Gompertz curve Brass (1974) and polynomial models ‘ Brass (1960) have been also applied on 

real data.  Islam (2009) has suggested a third degree polynomial model to fit the fertility pattern 

of Bangladesh which can also be adopted and is given as: 

𝑓(𝑥) = 𝑎 + 𝑏𝑥 + 𝑐𝑥2 + 𝑑𝑥3                                                                                        2 

Brijesh et.al. (2015) suggested a polynomial model with inverse of x to fit the fertility pattern 

of a state in India which is adopted and mathematically represented as: 

𝑓(𝑥) = 𝑎 + 𝑏 (
1

𝑥
) + 𝑐 (

1

𝑥2) + 𝑑 (
1

𝑥3)                        3 

Kaushalendra et. al. ( 2014) compared different mathematical models as a whole. In recent 

years the marriage instability of hsome developed countries has deviated from classical bell 

shape, it showed a little lump in the left part of instability curve which may correspond to early 

marriage i.e. age 15 to 25. Some authors have tried to give mathematical models which can fit 

the bimodal instability curve of these countries which are having two modes, one in early age 

group and the other in age-group 25-30 years. Assuming the population as the mixture of two 

population exhibiting different age groups, Chandola et al.(1999) has given the mixture of two 

Hadwigerfunction which has six parameters. The Hadwiger function is expressed as 

 

𝑔(𝑥; 𝑎, 𝑏, 𝑐) =
𝑎𝑏

𝑐
(

𝑐

𝑥
)

{
3

2
}

exp {−𝑏2 (
𝑐

𝑥
+

𝑥

𝑐
− 2)}                           4 

It provides a good fit to pattern of population. It has three parameters. The Hadwiger mixture 

model is given as:  

𝑔(𝑥) =
𝑚𝑎𝑏1

𝑐1
(

𝑐1

𝑥
)

3

2
exp {−𝑏1

2 (
𝑐1

𝑥
+

𝑥

𝑐1
− 2)} +

(1−𝑚)𝑎𝑏2

𝑐2
(

𝑐2

𝑥
)

3

2
exp {−𝑏2

2 (
𝑐2

𝑥
+

𝑥

𝑐2
− 2)}  5 
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Kohlar (2000) added an additional parameter to this model. Later, Peristera and Kostaki 

(2007) suggested a mixture of normal distribution having different variance parameter before 

and after mean age which is represented as follows: 

𝑔(𝑥) =  𝑚1 exp {− (
𝑥−𝜇

𝜎1(𝑥)
)

2

}  + 𝑚2 exp {− (
𝑥−𝜇

𝜎2(𝑥)
)

2

}                                         6 

 

Schmertmann (2003)  proposed piecewise quadratic spline function which shows very good fit 

to wide forms of fertility pattern but has 13 parameters. Azzalini (1985) introduced a new type 

of skew-normal curve which includes the normal one. The model proposed by Azzalini has an 

extra parameter, setting which to zero (0), the curve reduces to normal density function. A 

Skew-Normal density is the generalization of Normal one with a skewness parameter. In 

general, the skew-normal density can be given as follows 

ℎ(𝑥) = 2𝜑(𝑥)𝜙(𝛼𝑥)                                                                                                        7 

where φ(x) is the pdf and Φ(x) is the cumulative distribution function (CDF) of standard normal 

distribution and α being the skewness parameter which is a real number. If α is taken as zero 

(0),  then the above equation reduces to the density of standard normal distribution, thus the 

latter one is the particular case of skew-normal distribution.  

The above model in (7) is unimodal curve. Mazzuca and Scarpa (2011) used the generalized 

skew-normal, which is termed as Flexible Generalized Skew-Normal (FGSN) distribution to 

fit bimodal fertility schedule. The model is given as:  

 

𝑓(𝑦; 𝜀, 𝜔, 𝛼, 𝛽) = 2𝜔−1𝜙 (
𝑦−𝜀

𝑤
) . Φ{𝛼 (

𝑥−𝜀

𝜔
) + 𝛽 (

𝑥−𝜀

𝜔
)

3

}                                                 8 

The above model can have at most two modes, and as the degree of odd function 𝜔(𝑥) 

increases, the number of modes allowed in the pdf increases.  The skew-normal density is the 

key representative of skew-symmetric family. For more insight into the properties of this 

family, the readers may refer to Ma and Genton (2004) and a review paper of Azzalini (2005). 

𝑓𝑠𝑙(𝑥; 𝛼, 𝛽) = 2.
𝑒−𝑥

(1+𝑒−𝑥)2(1+𝑒−𝛼𝑥−𝛽𝑥3
)
                                                                                9 
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The model (9) was used by Asili et. al (2014) for fitting age-specific fertility rates of Ireland 

and Greece. The curve fitted by them has bimodal shape. They observed that this model fits 

better than skew-normal distribution used by Ma and Genton (2004)]. 

The beautifulness of skew-symmetric density based marriage instability model lies in the fact 

that it can fit unimodal, bimodal as well as multi-modal marriage infertility patterns effectively. 

The skewness parameter can change the symmetric curve into asymmetric one if it is required. 

Initially, it has three parameters, the number of skewness parameters can be increased 

accordingly to make the curve suitable for multi-modal schedules. Thus, the skew-symmetrical 

models are flexible enough to fit a wide variety of marriage instability schedule. The previously 

proposed models are quite reliable but include some complexity in estimating the parameter(s) 

of the model. Here, in this study, the Skew-logistic probability distribution is used to study the 

age-specific marriage instability of Nigeria.  

3.0 Skew-Logistic Distribution Based Fertility Model: 

Azzalini (1985) proposed a formula for skewing the symmetric distribution which is given as: 

𝑓(𝑥) = 2𝑓0(𝑥)𝐺(𝜔(𝑥))                                                                                           10 

where, 𝑓0(𝑥) is any symmetric probability density function, 𝐺(. ) is the cumulative distribution 

function of symmetric density  and𝑓(𝑥) is the density function for any odd function 𝜔(𝑥).  

The cumulative distribution function and probability density function of skew logistic 

distribution are as follows:  

 𝐹(𝑥) =
1

1+𝑒−𝜆𝑥                        11 

𝑓(𝑥) =
𝜆𝑒−𝜆𝑥

(1+𝑒−𝜆𝑥)
2         12 

Putting λ=1,𝑓(𝑥) in place of 𝑓0(𝑥) and 𝐹(𝑥) in place of 𝐺(𝑥)and 𝑤 (𝑥) =  𝛼𝑥 in the equation 

(10) we get the skew-logistic distribution function as follows: 

 𝑓𝑠𝑙(𝑥; 𝛼) =
2𝑒−𝑥

(1+𝑒−𝑥)2(1+𝑒−𝛼𝑥)
        13 

where α is the skewness parameter and x ∈ R.  

If we transform x into (𝑦 −  µ)/𝜎, in which µ isthe location parameter and σ is the scale 

parameter, from (12) we get 



6 
 

𝑓𝑠𝑙(𝑦; 𝛼, 𝜇, 𝜎) =
2𝑒−(

𝑦−𝜇

𝜎
)

𝜎(1+𝑒
−(

𝑦−𝜇
𝜎

)
)

2

(1+𝑒
−𝛼(

𝑦−𝜇
𝜎

)
)

      14 

Function in (14) is used to model the marriage instability pattern in Nigeria as it is observed 

that the marriage instability curve has only one mode for the six geopolitical zones (as shown 

in Figure 1) so the model (14) would be appropriate for marriage instability. 

 

 

 

Fig. 1: Graph showing Observed Marriage Instability Pattern for the six Geopolitical Zones 
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For estimating the parameters of fitted model, the method of non-linear least square has been used. 

The estimated parameters are obtained by minimizing the residuals sum of squares which is 

mathematically represented below:  

𝑆𝑟𝑒𝑠 = ∑ 𝑟𝑥
2𝑏

𝑥=𝑎           15 

𝑟𝑥
2 = (𝑔(𝑥) − 𝑓(𝑥))

2
         16 

for 𝑥 =  𝑎, . . . , 𝑏 where a and b are the lower and upper age limits of union start and union 

termination respectively, g(x) is the divorce rate at age x obtained by the model and f(x) is the 

divorce rate at age x. From Figure 1 it is clear that Nigeria has diverse divorce pattern. The North-

West has the highest rates, followed by North East, South-South, North-Central, South-West and 

South-East for all age-groups. Some states zones have highest value of ASMIR for age group 25-

30 years while others have the highest ASMIR in age group 20-24 years. For the analysis as well 

as comparison purpose zones are divided into two broad categories based on their value of Total 

Marriage Instability Rate (TMIR). It is also noticed that some zones have almost equal marriage 

instability rate in the age groups 20-24 and 25-29 years. The marriage instability patterns exhibited 

in these zones are platylokurtic. Table 1 shows the classification in four categories formed 

according to the marriage instability pattern of Nigeria.  

Table 1: Classification of Marriage Instability Rate in Nigeria  

States which have TMIR>2.66 States which have TMIR<2.66 

North South 

 

West East 

By this classification, one may provide more clarity to the considered problem (marriage 

instability). However, it is observed that the model fits the marriage instability pattern for all states 

of Nigeria, in this study from each group has been considered for analysis purpose.  

4.0 Result and Discussion: 

The marriage instability model considered in this paper is fitted to the marriage instability data for 

various zones of the country. The data has been obtained from National Demographic and Health 

Survey (2008). This is a report available on NDHS and hence appropriate for estimating the 

marriage instability pattern. The age-specific marriage instability rate for couples’s age group i.e. 
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15-59 years has been taken for study purpose. Some states have high marriage instability rate 

(TMIR > 2.66) and others with relatively low marriage instability rate (TMIR < 2.66).  

Table 2 illustrates the actual and fitted age-specific marriage instability rates for couples in age 

group 15-59years for the six geopolitical zones. 

Table 2: Observed and Estimated values of ASFR for the Different States 

  West North South East  
Age-

group(in 

Years) 

Mid-

Value 

(x) 

Observed 

ASMIR 

Estimated 

ASMIR 

Observed 

ASMIR 

Estimated 

ASMIR 

Observed 

ASMIR 

Estimated 

ASMIR 

Observed 

ASMIR 

Estimated 

ASMIR 

15-19 17 0.05 0.05 0.10 0.10 0.12 0.12 0.04 0.04 

20-24 22 0.19 0.19 0.27 0.27 0.18 0.18 0.14 0.14 

25-29 27 0.20 0.20 0.21 0.21 0.10 0.10 0.14 0.14 

30-34 32 0.14 0.14 0.11 0.11 0.04 0.04 0.05 0.05 

35-39 37 0.10 0.09 0.05 0.05 0.01 0.01 0.01 0.01 

40-44 42 0.06 0.06 0.02 0.02 0.00 0.00 0.00 0.00 

45-49 47 0.03 0.03 0.00 0.01 0.00 0.00 0.00 0.00 

TFR  0.05 0.05 0.10 0.10 0.12 0.12 0.04 0.04 

 

It is obvious from the Table 2 that the highest marriage instability rate is observed among age 

group of 20-24 years and the lowest one is observed for age group 45-49 years. Following the 

observations in Table 1 and Figure 1, we see that the pattern of ASMIR is unimodal for all zones, 

it increases slowly from age 19 years, reaches its peak for age group 30- 34 years, and then decline 

sharply and reaches to zero for t age 50-59 years. These zones have a different level of marriage 

instability rates in different age-groups and have different TMIR. Among these zones, North-West 

has the highest level of marriage instability rate while South-East has the lowest level of prevailing 

marriage instability.  

Nigeria is a diverse country concerning marriage instability pattern. In some parts marriage 

instability is still very high and in others, it has declined considerably. After analyzing the model 

for each zone in the study, we see that the model fits for each zone in all the categories despite the 

high or low level of prevailing marriage instability pattern.  

From the Table 2, it is clearly obvious that the actual and estimated marriage instability are very 

close to each other, which shows the good fitting of the model. The goodness of fitting for any 

model can be checked by various techniques and tools. Some of them are, comparing the current 
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model with existing models which have been proven for their good fitting. Here, the method of 

non-linear least square is used for model fitting, so the value of the sum of squares due to residuals 

is taken as an indicator for model fitting. The smaller the sum of squares due to residuals, the better 

is fitting of the model to given data. Table 3 illustrates the error sum of squares (SSE) from the 

least square method for the four four major zones.  

Table 3: Error Sum of Squares for the Different States 

States Error sum of square 

North 0.000102 

South 0.0000462 

West 0.00000540 

East 0.00000473 

 

We can see from table 3 that the sum of squares due to residuals is less for all the zones, indicating 

a good fit to the marriage instability pattern of the zones. 

The quality of demographic models not only depends on how good they fit the data but also on the 

demographic explanation of the parameters used in the model. The parameters of the Skew-logistic 

model are not of straightway explanation. The location parameter is not the mean of the 

distribution. It is a linear function of mean age at divorce. Similarly, the scale parameter is not the 

variance of the distribution. It can be explained as a function of the standard deviation of age of 

divorce also. Nothing can be clearly said about α, the skewness parameter. The estimated 

parameters of the model for each zone are shown in table 4. 

Table 4: Estimated Parameters of the Model for the Different States 

States 

Location 

Parameter 

(µ) 

Scale 

Parameter 

(σ) 

Skewness 

Parameter 

(α) TFR 

North 22.31 3.26 0.79 1.95 

South 19.37 8.23 4.29 4.02 

West 18.94 5.53 2.69 3.91 

East 18.16 4.09 1.15 2.40 

 

From Table 4, it can be observed that for each zone, the skewness parameter α comes out to be positive 

which is obvious because marriage instability curve is positively skewed.  
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5.0 Conclusion: 

It is clearly observed from the tables and figure that the model used for this study fits the marriage 

instability pattern. The marriage instability data obtained from NDHS are estimated very nearly 

by the model. The advantage of this model is that it is very flexible and shows a very good fitting 

to different marriage instability patterns. The advantage of using this skew-logistic model is that 

it can fit a variety of demographic data observed in the human population. It is equally appropriate 

for unimodal as well as multi-modal data. 
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