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ABSTRACT 
This research explores the performance of Exponential-Gamma-Rayleigh distribution (EGRD) 

on Covid-19 deaths in Nigeria from March 2020 to April 2021. The parameters of the 

distribution were estimated using the method of maximum likelihood estimates. The newly 

developed Exponential-Gamma-Rayleigh distribution was compared with the existing 

Exponential-gamma by Ogunwale (2019) ,Exponential and Gamma distributions using the log-

likelihood function, Akaike information criterion (AIC), and Bayesian information criterion 

(BIC) as the criteria for selecting the best fit model. The results show that the newly developed 

Exponential-Gamma-Rayleigh distribution performed better than Exponential-Gamma developed 

Ogunwale and the existing Exponential and Gamma distributions in contrast in terms of model 

fit, this showed that the newly developed Exponential-Gamma-Rayleigh distribution is more 

flexible and precise in analyzing the Covid-19 data other than Exponential-Gamma and the 

traditional existing Exponential and Gamma distributions.  
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INTRODUCTION 
In both theory and practice, statistical distributions serve as the cornerstone of statistical 

methods. They serve as the foundation for all parametric statistical approaches, including 

modeling, health data, the process of implementing statistical distributions for analysing real-

world data sets is known as modeling statistical distributions. Understanding and interpreting 

data behaviour more scientifically is an essential stage in every field of life, Statistical methods 

are used in almost every applied sector, including healthcare sciences; several researchers have 

generated new adaptable distributions from existing distributions using various modification 

techniques to increase their flexibility in modeling data. These adaptable distributions are created 

by adding extra parameters to the baseline distribution with generators or combining two 

distributions (Ali, et al., 2021). Recent emerging data of interest exhibit non-normal 

characteristics such as high or moderate skewness and high kurtosis, which existing distributions 

cannot accurately model. Cancer continues to impact the world significantly, and there was 

recently a Covid-19 virus that spread across the globe. The data sets representing these diseases 

mortality or infection rate exhibit some of the stated features. The results of fitting these data sets 

with traditional distributions may be unreliable. Many applications, such as lifetime analysis 

require extended forms of these distributions. Most statistical distribution modeling approaches 

are concerned with determining which probability distribution best represents the data. No single 

probability distribution, however, can fit all types of data. As a result, new classical distributions 

must be developed or created (Nasiru, 2018). These statistical distributions posed substantial 

usefulness in modeling and analysing natural life phenomena that encompass uncertainty and 

riskiness.  Research are going on  to analyze and predict future trends of various diseases in 

refining plans for prevention and treatment of such disease occurrence. Researchers have applied  

statistical distributions on health data to see the performance of the distribution among the 

researchers  are Ogunwale et al (2022), Jin, et al., (2021) Albalawi, et al., (2022) Xiaofeng, et 

al., (2021) Hisham et al (2021), Ayeni et al (2019), Ayeni et al(2020), Hui et al (2011),. All 

these researchers explored the applicability of their new models on data of Covid-19. Therefore 

this study aimed to examine the performance of the Exponential-Gamma-Rayleigh distribution 

on Covid-19 data in Nigeria  

 METHODS 

 One of the concerns of researchers in the modeling and analysis of health data is the 

interpretation of past health data regarding future probabilities of occurrences. Many probability 
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distributions have been applied to various health data and have proved beneficial for health 

studies Analysis of health data is mostly determined by its distribution pattern. It has long been a 

recurrent topic of interest in the field of health in establishing a probability distribution that 

provides a suitable fit to most health data. In this study, we, therefore, aim to examine and fit the 

newly developed exponential-gamma-Rayleigh distribution to Covid-19 death in Nigeria from 

March 2020 to April 2021. The method of maximum likelihood was used to estimate their 

parameters, while the log-likelihood, Bayesian information criterion (BIC) and Akaike 

information criterion (AIC) goodness of fit test were employed to determine their goodness of 

fit, and Python software was used for data analysis.  

The new Exponential-Gamma-Rayleigh distribution was developed by Adisa et al (2025) and its 

probability distribution function, pdf is defined as 
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Cumulative hazard function; The cumulative hazard function is the integral of the hazard 

function 

0
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Let nxxx ,......, 21  be a random sample of size n from Exponential-Gamma-Rayleigh distribution 

(EGRD) with probability distribution function, pdf 
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By taking the natural logarithm of (3.44), the log-likelihood function is obtained as; 

 

 log ( ) log log 2 log ( ) 2 1 log 2e e e e e i iL n n n x x                                        
(11) 

Differentiating equation (11) with respect to 𝛼 , λ and 𝜃 give the maximum likelihood. 

Therefore, the MLE which maximizes (11) must satisfy the following normal equations; 

  

'

1

log ( )
log 2 log 0

( )

n
e

e e i

i

L n
n x




  

 
   

 


                                                            (12)

 

    
0

log








nLe                                                         (13) 

 

 

       

log
2 0e

i

L n
x



 


  




                                         (14) 

Differentiating equation (11) with respect to 𝛼 , λ and 𝜃 give the maximum likelihood 

estimates of the model parameter that generates the solution of the nonlinear system of 

equations. The parameters can be estimated numerically by solving (12), (13), and (14), while 

solving it analytically is very cumbersome and tasking. The numerical solution can also be 

obtained directly using some data sets in Python. 

 

Results and Discussion 
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This research work used secondary data collected based on the total monthly amount of deaths of 

covid-19 patients in Nigeria from the period of March 2020 to April 2021. The data were 

collected from the website of the National Centre for Disease Control (NCDC).  

The newly developed Exponential-Gamma-Rayleigh distribution was applied to the data to 

determine its flexibility in modeling such data. The data were analyzed using the Python 

software package. The flexibility and the measures of goodness fit were determined by using 

selection criteria such as the Akaike information criterion (AIC), Bayesian information criterion 

(BIC), and the log-likelihood function (Ɩ). The probability distribution with the least Akaike 

information criterion (AIC), Bayesian information criterion (BIC), or the highest log-likelihood 

function (Ɩ) value will be considered the most flexible and best fit model, and the results are 

obtained as follows; 

 

TABLE 1: Summary of Data (Covid-19) 

Parameters Value 

N 428 

Min 0 

Max 24 

Mean 4.8178 

Skewness -2.2087 

Kurtosis 7.48541 

Source: Covid-19 Deaths, NCDC (2020-2021) 

The results from Table 1 indicated that the data distribution is skewed to the left with a skewness 

of -2.2087. This shows that the Exponential-Gamma-Rayleigh distribution can fit left-skewed 

data. Also, the kurtosis value is 7.48541, which is greater than 3. This implies that the 

distribution has longer and fatter tails with a heavy peakedness compared to the Normal 

distribution. 

Table 2: Estimates and performance of the distributions (Covid-19) 

Distribution Parameter Estimate AIC BIC Log-

likelihood(l) 

EGRD �̂� = 1.6781 

�̂� = 8.1477 

�̂� = 0.1471 

52.1475 58.0323 478.4112 
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EGD �̂� = 1.1472 

�̂� = 3.5874 

85.8683 87.1441 293.9463 

GD �̂� = 1.0179 

�̂� = 2.1471 

218.8993 218.9811 47.1963 

ED �̂� = 2.1474 514.7681 517.3015 96.3115 

RD �̂� =0.7478 108.6715 109.8255 42.8138 

 

The estimates of the parameters, Akaike information criterion (AIC), Bayesian information 

criterion (BIC), and log-likelihood, for the data sets on the covid-19 death in Nigeria from March 

2020 to April 2021 are presented in Table 2. The results showed that the Exponential-Gamma –

Rayleigh Distribution provides a better fit than the Exponential, Gamma and Rayleigh 

distributions. Likewise, the Exponential-Gamma-Rayleigh yields the overall performance since it 

has the lowest value of the Akaike information criterion (AIC) and Bayesian information 

criterion (BIC) and the highest value of log-likelihood (Ɩ). Hence, the Exponential-Gamma-

Rayleigh distribution performed better than other distributions compared. 

CONCLUSION 

When comparing the newly developed Exponential-Gamma distribution by Ogunwale, et al., 

(2019), to the existing Exponential, Gamma and Rayleigh distributions, the results from the 

AIC, BIC, and log-likelihood values for the data revealed that the newly developed 

Exponential-Gamma-Rayleigh distribution has the smallest AIC, BIC values, and highest log-

likelihood function values for the data used. Regarding model fit, these results reveal that the 

newly developed Exponential-Gamma-Rayleigh distribution outperformed the Exponential, 

Gamma and Rayleigh distributions. This shows that the Exponential-Gamma-Rayleigh 

distribution is more adaptable and tractable of evaluating real-world data than the classical 

Exponential, Gamma and Rayleigh distributions. 

Similarly, the AIC, BIC, and log-likelihood values for Covid-19 data revealed that the newly 

developed Exponential-Gamma-Rayleigh distribution has the smallest AIC, BIC, and highest 

log-likelihood function values of all the distributions compared. As regards model fit, the newly 

developed Exponential-Gamma-Rayleigh distribution outperformed the new Exponential-

Gamma distribution developed by Ogunwale, et al. (2019) and the previously existing 

Exponential, Gamma and Rayleigh distributions. This demonstrated that, in addition to the novel 
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Exponential-Gamma distribution and the current Exponential and Rayleigh distributions, the 

Exponential-Gamma-Rayleigh distribution efficiently analyzes real-world data; this substantiates 

that modification and parameter addition to existing probability distributions is beneficial. 

Therefore, for flexibility and greater precision in analyzing Covid-19 death data, the use of 

Exponential-Gamma-Rayleigh distribution is greatly suggested and also persistently useful in 

various fields where analysis of health data is essential 
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