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Abstract - The outbreak of COVID-19 pandemic has caused many deaths. The number of deaths that occur randomly per 

day has caused various problems, including reduced population, increased land for graves, and increased fear of the 

situation that has arisen which indirectly impacts decreased performance which ultimately weakens a country's economy. 

However, it is the concern of governments and others' responsibilities to provide the correct statistics and figures to take 

any practicable necessary steps. Where the statistical literature supposes that a model governs every real phenomenon, 

once we know the model, we can evaluate the dilemma. Therefore, in this article, we compare and analyze the frequency of 

a number of death from COVID-19 in Indonesia using the six probability modeling. Probability modeling will be carried 

out using six distributions, namely Weibull, Gamma, Log Normal, Amarendra, Rani and Akash will be used in this study. 

The maximum likelihood method will be used to get the estimated parameter from the models used in this study. The 

distribution will be selected based on some methods of Good of Fit Test namely graphical (pdf plot and cumulative 

distribution function (CDF) plot) and numerical (Akaike Information Criterion (AIC) and Bayesian Information Criterion 

(BIC), and Log Likelihood (Log-L)). In most cases, graphical methods give the same results but their AIC and BIC results 

are different. The most suitable result is selected as the distribution with the lowest AIC and BIC values. In general, the 

Weibull distribution has been chosen as the best model. 

 

Keywords – Covid 19, Weibull distribution, Gamma distribution, Amarendra distribution, Log normal distribution, Rani 
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1. Introduction  

In December 2019, a localized outbreak of atypical pneumonia occurred in Wuhan, the capital city of Hubei province, 

China. It was quickly discovered to be associated with the novel coronavirus. The World Health Organization (WHO) calls 

it Coronavirus Disease 2019 (covid 19). Because covid 19 is highly contagious, the number of death cases in China is 

increasing significantly and rapidly. Therefore, on January 30, WHO declared that the event had become a Public Health 

Emergency of International Concern [1]. The virus is emerging rapidly in countries outside of China due to international 

travel and transportation, and the number of deaths is rapidly increasing worldwide. Until now it seems as if the Covid 19 

virus cannot be eradicated, even deaths caused by this virus continue to occur with the number of deaths occurring 

randomly every day. This number of deaths certainly has a negative impact on the economic, social, health, and education 

fields.[2]. Therefore, the number of death data is very important to analyze, especially in analyzing the frequency of the 

number of deaths. Frequency analysis is related to the probability of events, therefore frequency analysis is often 

associated with probability density functions or probability models. Most of the research conducted using probability 

models is to choose the best model from the several models used. The use of several probability models to analyze the 

frequency of an event has been carried out by previous researchers, including, Alzaatreh and Famoye [3], Al-Babtain et al. 

[4], Jayakumar and Mathew [5], Cordeiro et al. [6], Oluyede et al. [7], Mansour and Mahdy [8], Maurya et al. [9], 

Abouammoh and Kayid [10], Chen [11], Mansour et al. [12] and Tahir et al. [13]. Modeling the probability of daily new 

cases and death covid 19  using statistical methods is one of the most important topics today. Researchers in various fields 

of study have made use of probability distributions in modeling and analyzing the frequency of daily cases covid 19 data. 

Below are brief literature reviews on the application of the statistical distribution, Soltani-Kermanshahi et al. [14] 

conducted research on probability modeling of new coronavirus data in Iran. This study compares three types of parametric 

distributions known as normal, log-normal, and Weibull distributions of covid 19 cases based on daily data reported. Yusuf 

et al. [15] Forecasting monthly data on patients with covid 19 disease that occurred in Pakistan. Zafar, J. et al [16] 

Compared several daily data models of covid 19 patients in Pakistan. The model used is a 2-parameter probability 

distribution, namely Weibull distribution (WD), Power function distribution (PFD), Log-Logistics Distribution (LLD), 

Log-Normal Distribution (LND), Inverse Weibull Distribution (IWD), Gumbel Distribution (GuD). , Burr III Distribution 
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(BIIID), Burr XII Distribution (BXIID), and Birnbaum Saunders Distribution (BSD). However, research like this has not 

been widely applied to data on daily deaths caused by covid 19. Several studies have started to analyze the frequency of 

daily death caused by covid 19  using probability models such as [17,18,19], Not many studies have been based on 

probability modeling on the death date of covid 19 Indonesia. This study aims to select the best model for analyzing the 

frequency of daily death cases covid 19 in Indonesia, six probability models consisting of two and one distribution 

parameters will be used in this paper, namely the distribution of Weibull, Gamma, Normal Log, Rani, Amarendra and 

Akash. The MLE (Maximum likelihood) method will be used in estimating Parameter. The several methods for Good of 

Fit test in determining the best model, such as the graphical method and the numerical method, will be carried out in this 

study. The graphical method will be carried out by comparing the pdf and CDF of each model while the numerical values 

of AIC and BIC will complete this research as a representation of the numerical method. Model selection using the 

graphical method often gives the same results for each model but using the numerical method will result in the selection of 

the best model. easy based on the lowest value generated by AIC and BIC. 
 

2. Data and Study Area 
The daily death of covid 19 data was obtained for the period March 12 2020 to May 11, 2020, from the public report 

of the National Institute of Health, Indonesia. Summary of data presented in descriptive statistics as in table 1. In the table 

it can be concluded that the skewness value is close to zero  and the kurtosis value does exceed 2, this indirectly indicates 

that some distributions with 2 parameters such as Weibull, Gamma, and Log normal, and 1 parameter such as Rani, 

Amarendra and Akash can be used in this modeling  
 

Table 1. Desciptive Statistics of New Cases Positif Covid 19 in Indonesia 

Mean Standrard deviasion Minimum Maximum Skewness Kurtosis 

17.375 12.40903 1 60 80.00035 4.67 

 

3. Methods 
 

3.1. Probability Density Function (PDF) and Cumulative Distribution Function (CDF) 

The new death covid 19 modeling requires analysis of the number of daily death caused by covid 19 data over a 

number of years. The primary tools to describe the daily death covid 19 characteristics are probability density functions. 

Six probability density functions are divided into 3 probability density functions which have 2 parameters such as Weibull, 

Gamma, and Log-Normal and the others have one parameter namely Rani, Amarendra, and Akash. The pdf and CDF for 

each distribution that we consider are as given in Table 2, where y denotes the observed values of the random variable 

representing the event of interest. Several researchers have used the probability density function or distribution of Rani, 

Amarendra, and Akash in this study for various purposes [20, 21, 22, 23, 24, 25, 26] 

 
Table 2. Probability Density Function (pdf) and distribution function (cdf) four distributions 

 Distribution  pdf ( f(y) ) dan  cdf ( F(y) ) 

1 Weibull (x;η,κ) 
𝑓(𝑥) =

𝜂

𝜅
(

𝑥

𝜅
)

𝜂−1

𝑒
(−(

𝑥
𝜅)

𝜂
)
, 𝑥 > 0,   𝜂, 𝜅 > 0  

𝐹(𝑥) = 1 − 𝑒
(−(

𝑥
𝜅)

𝜂
)
 

2 Gamma (x;α,β) 

𝑓(𝑥) =
1

𝛽𝛼Γ(𝛼)
𝑥𝛼−1𝑒

−
𝑥
𝛽 , 𝑥 > 0, 𝛼, 𝛽 > 0 

 

𝐹(𝑥) =
1

𝛽𝛼Γ(𝛼)
∫ 𝑥𝛼−1𝑒−𝑥 𝛽⁄ 𝑑𝑥

𝑥

𝑜

 

3 Log Normal 

(x;μ,σ) 𝑓(𝑥) =
1

√2𝜋𝜎𝑥
𝑒

−(log 𝑥−𝜇)

2𝜎2 , 𝑥 > 0, 𝜇, 𝜎 > 0 

𝐹(𝑥) = Φ (
log 𝑥 − 𝜇

𝜎
) 

where  Φ  is the cumulative distribution function of the standard normal distribution 

(i.e., N(0,1)). 

4 Rani (x;θ) 
𝑓(𝑥) =

𝜃5

𝜃5 + 24
(𝜃 + 𝑥4)𝑒−𝑥𝜃, 𝑥 > 0, 𝜃 > 0 

 

𝐹(𝑥) = 1 − [1 +
𝜃𝑥(𝜃3𝑥3 + 4𝜃2𝑥2 + 12𝜃𝑥 + 24)

𝜃5 + 24
] 𝑒−𝜃𝑥 

5 Amarendra(x;Ω) 
𝑓(𝑥) =

Ω4

Ω3 + Ω2 + 2Ω + 6
(1 + 𝑥 + 𝑥2 + 𝑥3)𝑒−𝑥𝛽   , 𝑥 > 0, Ω > 0 
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𝐹(𝑥) = 1 − [1 +
Ω3𝑥3 + Ω2(Ω + 3)𝑥2 + Ω(Ω2 + 2Ω + 6)𝑥

Ω3 + Ω2 + 2Ω + 6
] 𝑒−𝑥Ω 

6 Akash  (x;λ) 
𝑓(𝑥) =

𝜆3

𝜆2 + 2
(1 + 𝑥2)𝑒−𝑥𝜆, 𝑥 > 0, 𝜆 > 0 

𝐹(𝑥) = 1 − (1 +
𝜆𝑥(𝜆𝑥 + 2)

𝜆2 + 2
) 𝑒−𝜆𝑥 

 

To select the most suitable model, parameter estimation is the first important thing to do. The parameter estimation of 

the distribution function is calculated using the maximum likelihood method. The maximum likelihood function for this 

model is implicit and complex and we will not go into details in this paper. The nonlinear equation generated by the 

maximum log-likelihood function (ln L) requires a numerical method, namely Newton's Rapshon, to obtain a solution to 

the equation. But this method has been used in iteration systems to find the solution. Several initial values have been tested 

for this procedure. If the initial value used causes iterations to be carried out towards a certain value or the iterations 

converge to a value, then that value can be considered as the selected estimation parameter. Conformity testing procedures 

for model selection, both numerically and graphically, are discussed. 

 
3.2. Maximum Likelihood Estimate (MLE) and Goodness of Fit Tests (GOF) 
 

Let (𝑦1, 𝑦2, ⋯ , 𝑦𝑛) be a random sample from four PDFs, The natural log likelihood (ln L) is presented in Table 3. The 

MLE �̂� 𝑜𝑓 𝜃 is the solution of the equation 
𝑑 ln 𝐿

𝑑𝜃
= 0 and thus it is the solution of the following nonlinear equation. The 

most appropriate distribution is identified using results found based on several goodness-of-fit tests. The GOF tests 

considered are based on graphical inspection probability density function (PDF) and numerical criteria Akaike’s 

information criterion (AIC) and Bayesian information criterion (BIC) were applied to determine the goodness-of-fit criteria 

of the distributions. In most cases, graphical inspection gave the same result but their AIC and BIC results differed. The 

best fit result was chosen as the distribution with the lowest values of AIC and BIC. The formula for computing AIC and 

BIC are as follows:  

AIC = - 2 ln L + 2k,  BIC = -2 ln L + k ln n , 

where k = the number of parameters, n = the sample size 

 
Table 3. Computed parameters of different distribution 

 η κ α β   θ Ω λ 

Weibull 1.45 19.2        

Gamma   1.86 9.32      

Log Normal     2.56 0.87    

Rani       0.29   

Aramendra        0.23  

Akash         0.06 

 

4. Results 
In this study, the daily data histogram of new Covid 19 cases in Indonesia will be approximated by the four 

distributions or probability density functions used in this study. This of course can be obtained based on the estimated 

parameter values as presented in table 3. The parameters of the distributions are estimated using the maximum likelihood 

estimation method.   
 

 

In this study, the histogram of the number of daily deaths due to Covid-19 in Indonesia will be approximated by the 

six models or distributions used in this study as depicted in Figure 1. In this figure, it can be seen that the six models used 

have different capabilities in approaching the histogram. Figure 1 shows that the two parameters distribution such as 

Weibull, Gamma, and Log Normal is able to approach the histogram or the frequency of daily death covid 19 data that 

occurs in Indonesia distribution is not good in approaching the frequency of daily Covid-19 case data in Indonesia, while 

the one parameters distribution namely  Rani, Amarendra and Akash are also not very good at capturing the frequency of 

these data. 
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Fig. 1 The Frequency of Number Of Death Caused by Covid 19 in Indobesia and Distribution Models. 

 

To further clarify the merits of the model used in this study, each model will be described in pairs with a data 

histogram as depicted in Figure 2. Figure 2 shows that the Weibull and Gamma distributions are graphically depicted in red 

and blue respectively. These two distributions are the best of all the models or distributions used in the study. Figure 2 also 

shows that the distribution that uses 1 parameter is not good at approaching the histogram data, the Akash distribution is 

the worst at approaching daily death data caused by Covid 19 in Indonesia.  

 

 
 

Fig. 2 Pdf plot for comparisons Predicted and observed daily death cases covid 19 in Indonesia  

Furthermore, the plot of the cumulative distribution function will be used to make more convincing conclusions in 

choosing the best distribution in this study. Therefore Figure 3 is also presented for this purpose. From the figure it is very 

clear that the one-parameter distribution such us Rani, Amarendra, and Akash are not good in approaching the observed 

distribution function, while the opposite result is shown by a two-parameter distribution, this distribution function is very 

good at capturing the observation distribution function. Figure 3 also clarifies the conclusion that the Weibull and Gamma 

distributions are the best models produced in this study. 
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Fig. 3 Cdf plot for comparisons Predicted and observed daily death cases covid 19 in Indonesia 

From the goodness of fit test of the model using this graphical method, it is very clear that the pdf and CDF plots give 

very clear results that the two-parameter distributions such as Weibull and Gamma are the best model in analyzing the 

frequency of a number of death caused by covid 19  in Indonesia.  Numerical methods such as AIC and BIC values for the 

goodness-of-fit test were also used in this study. These two values for each distribution used will be presented in table 3. 

Based on the values in the table, it can be concluded that the two-parameter distribution namely the Weibull distribution is 

the best model because it has the smallest AIC and BIC values. Table 4 is also equipped with tests of model goodness such 

as log-likelihood (Log L) model, from the values presented it can also be concluded that the distribution of the two Weibull 

parameters is the best in this study 

 
Table 4. The Goodness and fit test result of the daily new cases covid 19 in Indonesia  

 Weibull Gamma Log Normal Rani Amarendra Akash 

AIC 424.75 424.99 434.77 465.56 439.11 571.93 

BIC 428.80 429.05 438.82 441.14 441.14 573.95 

Log (L) -210.37 -210.49 -215.38 -231.78 -218.55 -284.96 

 

5. Conclusion 
This study is focused to analyze the frequency of the number of daily death data caused by covid 19 in Indonesia, to 

identify the appropriate six models or distributions that can be used to describe the distribution of the daily number of 

death data covid 19.  It is concluded that the Weibull two parameters distribution returned better results when compared 

with other well-known distributions. This conclusion is based on widely used goodness of fit test models such as AIC and 

BIC. The graphical technique namely pdf and CDF plots were also observed comparing the empirical distributions with the 

adjusted by the Weibull two parameters distribution.  In addition, through the best model in this study, we can use the 

distribution of the quantile function to simulate the number of daily death data of covid 19 for the future. These results are 

interesting for estimating the number of hospital beds during resource allocation planning or social isolation policies 
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