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This paper aims to introduce a superior discrete statistical model for the coronavirus disease 2019 (COVID-19) mortality numbers
in Saudi Arabia and Latvia. We introduced an optimal and superior statistical model to provide optimal modeling for the death
numbers due to the COVID-19 infections. This new statistical model possesses three parameters. This model is formulated by
combining both the exponential distribution and extended odd Weibull family to formulate the discrete extended odd Weibull
exponential (DEOWE) distribution. We introduced some of statistical properties for the new distribution, such as linear
representation and quantile function. The maximum likelihood estimation (MLE) method is applied to estimate the unknown
parameters of the DEOWE distribution. Also, we have used three datasets as an application on the COVID-19 mortality data in
Saudi Arabia and Latvia. These three real data examples were used for introducing the importance of our distribution for fitting
and modeling this kind of discrete data. Also, we provide a graphical plot for the data to ensure our results.

1. Introduction

Modeling pandemics is significant in our life as it makes it
easier for researchers to understand the behavior of the
spread of each virus and its effect on humanity. Nowadays, a
new virus has risen on the top of the scene, Severe Acute
Respiratory Syndrome coronavirus 2 (SARS-CoV-2), which
causes COVID-19. This virus attracts the interest of many
researchers who tried many attempts to model daily deaths
in the entire world by the effect of COVID-19 infection. As
an example of these studies, Al-Babtain et al. [1] introduced a
natural discrete Lindley distribution and studied the

mortality numbers in Egypt from 8 March to 30 April 2020.
Also, Hasab et al. [2] make a study on the COVID-19
mortality numbers by using the susceptible infected re-
covered (SIR) epidemic dynamics of COVID-19 pandemic
to model COVID-19 infections in Egypt. Algarni et al. [3]
discussed type-I half-logistic Burr XG family with applica-
tion of COVID-19 data. Almetwally [4] discussed the odd
Weibull inverse Topp-Leone distribution with applications
to COVID-19 data. Almetwally et al. [5] discussed new
distribution with applications to the COVID-19 mortality
rate in two different countries. El-Morshedy et al. [6] studied
a new discrete distribution, called discrete generalized
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Lindley, to analyze the counts of the daily COVID-19 cases
in ‘Hong Kong and daily new deaths in Iran. Maleki et al. [7]
used an autoregressive time-series model regarding the two-
scale mixture normal distribution to predict the retrieved
and reported COVID-19 occurrences. Nesteruk [8] forecasts
the daily new COVID-19 occurrences in China by using the
mathematical model SIR. Batista [9] used a logistic growth
regression model to estimate the final size and its peak time
of the COVID-19 epidemic. Muse et al. [10] discussed
modeling the COVID-19 mortality rate with a new versatile
modification of the log-logistic distribution. Liu et al. [11]
presented a new statistical model called arcsine-modified
Weibull distribution for modeling COVID-19 patients’ data.

Afity and Mohamed [12] developed the extended odd
Weibull exponential (EOWE) distribution for data modeling
in many sciences such as architecture, medicine, and reli-
ability. The EOWE distribution is a flexible model offering
different density function forms such as left-skewed, sym-
metrical, right-skewed, and reversed-J; see, the work of
Alshenawy et al. [13]. Its hazard rate function (HRF) may
provide declining, constant, rising, upside-down bathtub
and J-shaped hazard rates, and bathtub and modified
bathtub hazard ratings are quite important in terms of
durability technologies. For more details, see the work of
Alshenawy et al. [13]. Generally speaking, most distributions
are used to model such data and can usually take four or five
parameters to achieve these hazard rates. DEOWE distri-
bution has three parameters only, and it can be used to
analyze censored data due to its easy, closed forms of its HRF
and cumulative distribution function (CDF).

The CDF and probability mass function (PMF) of the
DEOWE distribution are given, respectively, by

F(x;,,1) = 1 ~{1+ Blexp(Ax) - 1117,
x>0,a,5,1>0,

1

and
f (o, BA) = ad exp (adx)[1 - o':xp(—/\x)]"‘_1
AL+ BlepAx) - 11, x>0,a,8,1>0.
(2)

Why do we need discrete distributions is a question that
any researcher would ask. The reason is that most current
continuous distributions do not provide reliable findings for
modeling the COVID-19 scenarios. The reason for all of this,
as we all know, is that death counts or regular new cases
display extreme dispersion.

Many authors have introduced discrete distributions to
overcome the deficiencies of the continuous distribution in
modeling mortality numbers, such as Para and Jan [14] have
introduced discrete Burr-type XII and discrete Lomax dis-
tributions. Discrete Lomax (DL) distribution is the discrete
distribution which exhibits heavy tails and can be helpful in
medical science and other fields, discrete Burr (DB), which is
presented by Krishna and Pundir [15], discrete Lindley (DL),
which is introduced by Gémez-Déniz and Calderin-Ojeda
[16], discrete generalized exponential (DGEx), which is
presented by Nekoukhou et al. [17], natural discrete Lindley
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(NDL), which is introduced by Al-Babtain et al. [1], and
discrete Gompertz Exponential (DGzEx), which is presented
by El-Morshedy et al. [6]. Gillariose et al. [18] introduced
discrete Weibull Marshall-Olkin family of distributions with
properties, characterizations, and applications. Discrete
Marshall-Olkin generalized exponential distribution has
been presented by Almetwally et al. [19]. Al-Babtain et al.
[20] discussed the estimation of the parameters of two
discrete models called discrete Poisson-Lindley and discrete
Lindley distributions, with some applications.

To convert a continuous distribution to a discrete one, a
variety of methods are possible. A survival discretization
approach is the most widely used technique for generating
discrete distributions. It necessitates the existence of CDF,
the existence of a continuous and nonnegative survival
function, and the division of period through unit intervals.
In Roy [21], the probability mass function (PMF) of a
discrete distribution is described as

P(X=x)=P(x<X<x+1)=S(x)-S(x+1);
x=0,1,2,...,

(3)

where S(x) = P(X>x)=1- F(x;®), where F(x;0) is a
CDF of continuous distribution and © is a vector of pa-
rameters. The random variable X is said to have the discrete
distribution if its CDF is given by P(X <x) = F(x + 1;®).
The hazard rate is given by hr (x) = P(X = x)/(S(x)). The
reversed failure rate of discrete distribution is given as
rfr(x) = P(X = x)/ (1 = S(x)).

The novelty and the motivation to write this paper is to
find the best statistical model which can provide the fit for
COVID-19 mortality numbers in Saudi Arabia and Latvia by
introducing a new discrete model, namely, the DEOWE
distribution. The point estimation of the unknown pa-
rameters has been discussed by using the MLE method. Also,
we make an expectation for the mortality number in each
day.

The remainder of this article is organized as follows. In
Section 2, we define DEOWE distribution. DEOWE linear
representation of its PMF is obtained in Section 3, along
with some of its statistical properties. The MLE method is
used for parameter estimation in Section 4. In Section 5, we
performed a simulation study to study the performance of
the distribution relative to the true values of the param-
eters; also, we evaluated the relative bias (Rbias) and mean
square error (MSE) of the estimation method. Two real
datasets were used as three real data applications on the
mortality numbers in Section 6. These three applications
were used to prove that the proposed distribution provides
the efficiency of the DEOWE distribution with respect to
other distributions by evaluating the information criteria
and the P values and chi-square values for all distributions.
Finally, conclusions and the major findings are given in
Section 7.

2. DEOWE Distribution

In this section, we introduce the DEOWE distribution, the
PMEF, and the CDF which are obtained. Some figures with
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different values of the parameters for the PMF and HRF of
the distribution are represented in Figures 1 and 2.

The DEOWE distribution is obtained based on the
survival discretization method. Let S(x;9) =1- F(x;9)
denote the survival function (S) of a baseline model with
parameter vector 9, respectively, so the CDF of the DEOWE
distribution is given by

F(X;“,ﬁ,l) = 1_{1 +ﬁ[e/1(x+1) _ l]a}—l/ﬁ)
x=0,1,2,...00.a,,1>0.

4

The corresponding PMF of (4) is defined by

P(X = x;0,B. 1) ={1 +/3[elx_ I]tx}—llﬁ

{1 gl ]y,
x=0,1,2,...00.a,,1>0,
(5)

where a,f, andA are positive parameters. The random
variable with PMF (5) is denoted by X ~ DEOWE (a, 3, 1) ;
the corresponding HRF of the DEOWE distribution is de-

fined by
)
I '

h(X =x;a,B8,1) = <1 ] A

3. Mathematical Properties

This section of the paper introduces the linear representation
of the DEOWE distribution with its quantile function.

3.1. Linear Representation. In this section, we made a linear
representation for the PMF of the proposed distribution. We
used linear representation to derive different statistical
properties of the proposed model. Unfortunately, we reach a
result form which does not follow any statistical model, and
it is mathematically difficult to use to derive different sta-
tistical properties. In the case of the proposed distribution,
we have three different cases for this linear representation.
For |x| <1, we have the following expansion:

o k-1
(1+x)"=) (—1)"( n+k )xk. (7)
k=0

For |x| > 1, we have the following expansion:

a +x)—n _ i (—l)k( n+llz_ 1 )x—(kﬁ-n). (8)

k=0

Case 1. Ifﬁ[e“ —1]%*<1 and x #0, then we have

) 1/ k-1
{1+ﬁ[e’1x—l]u}71/ﬁ: Z (_1)k+m+w< B+ )

k,mw=0 k
(Xk ﬂkllw (m _ (Xk)w »
. _—x,
m w!
)

and ifﬁ[e)‘("”) —1]*<1 and x #0, then we have

{1 +ﬁ[e/1(x+l) _ 1]“}*”/5 _ 020: (_1)k+m+w

k,m,w=0

1/p+k-1
)

k kyw w
. <0¢ >ﬁ A (m_ak) e—/l(m—zxk)xw.

|
m w:

(10)

From equations (7) and (8), we have a linear repre-
sentation of PMF (5) as the following:

P(X=xja, 1) = Y O, ,x" (11)

k,m,w=0

where q)kmw - (_1)k+m+w< ].//3 +kk -1 )( ak )ﬂklw

(m — ak)P/w![1 — e~ Am=ak)], "

Case 2. . If B[e!* — 1]* > 1, then we have

1
Ax “_I/ﬁ_ % k+m+w B+k_1
sl = 3 e
k,mw=0 K
a(k+%)+m—1

m

—(k+1/B) yw w
Xﬁ A [m+'0c(k+ 1/B)] o
w.

(12)

If Ble* ™D — 1]%> 1, then we have
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FiGure 1: Different shapes’ PMF of DEOWE distribution by using different values of the parameters. These figures show that the PMF can

behave in different shapes.
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FiGure 2: Different shapes’ HRF of DEOWE distribution by using different values of the parameters. These figures show that the HRF can

behave in different shapes.

1 From equations (9) and (10), we have a linear repre-
) Y e — E”L k-1 sentation of PMF (5) as the following:
IRV R R e
k,m,w=0 )
k P(X=x;0p0) = Y Fppux"s (14)
k,m,w=0
oc(k + 1) +m-—1
B where Yemw = (—1)’”’"*“’( g +kk -1 )

y B VPN [ + a(k + 1/)]"
w!

. e—/\ [m+a(k+1/[5)]xw'

(13)

alk + 1/52 +m—1 )ﬁ RPN [y + (K + 1/B)] /!

{1 _ e(fx\[m+a(k+1/ﬁ)])}'

Case 3. If f[e** —1]“< 1 and B[e}**D — 1]% > 1, then, from
equations (7) and (10), we have a linear representation of
PMEF (5) as the following:



Complexity 5
TaBLE 1: Numerical values of mean, variance, BS, and MK of DEOWE distribution.
a B A Mean Variance BS MK
0.25 0.5 0.75 2.4448 13.68952 0.7331407 1.41471
0.5 0.75 1.5 0.8347 1.406517 0.4518331 1.297248
0.5 2.5 0.75 4.6491 41.72894 0.4530885 1.265127
2.5 0.5 0.25 2.7052 1.297823 0.04143768 1.251105
1.5 3 2 0.7423 0.9247832 0.3490083 1.446349
2 1.5 0.5 1.7974 1.720525 0.1950339 1.366696
3 0.25 1.5 0.3023 0.2109358 —-0.01123612 1.235523
0.75 2 3 0.6083 0.8625574 0.400 8665 1.350532
0.03 0.05 3 2.6457 21.2683 0.999 9985 2.105148
—+k-1
00 ak k/\w w
m — ak
w!
k,mw=0 m
k
1 1
o B+k_1 o k+B +m-—1 (15)
k
_ Z (_1) +m+w
fe,m,w=0
k m

—(k w w
o B VPN [ + a(k + 1/B)] o ALk 1B)  w

w!

3.2. Quantile Function. The quantile function (QF) of the
DEOWE distribution is the inverse function of the CDF, and
it is given as follows:

1og<((1 ~p Foup) s 1)
“ A

-1 (16)

X

The three quarterlies (Q) of the DEOWE distribution can
be obtained by setting u = 0.25,0.5, and 0.75 in equation
11).

Bowley’s skewness (BS) and Moor’s kurtosis (MK) can
be calculated by the QF, respectively, as follows:

_ Q(1/4) + Q(3/4) —2Q(1/2)

55 QG/4) - Q(1/4)

(17)

and

_ Q(7/8) —Q(5/8) + Q(3/8) —Q(1/8)

MK Q(6/8) —Q(2/8)

(18)

Table 1 shows the numerical mean, variance, BS, and MK
for the distribution using different parameters. These dif-
ferent values are coherent with the plots in Figure 1

4. Parameter Estimation

In this section, we use the MLE method to estimate the
unknown parameters of the DEOWE distribution. Assume
that x,,...,x, represents a random count discrete sample
that follows the DEOWE distribution having the parameters,
o, 5, and A. So, the log-likelihood function will have the
following form:

2(Q) = iln({l +/5[elx - l]a}_l/ﬁ

{reple )

where Q = (a, 3, A) is a vector of the DEOWE parameters.
The MLEs are obtained by solving the following normal
equations:

(19)
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and

These equations cannot be solved explicitly. Hence, a
nonlinear optimization algorithm as the Newton-Raphson
method is used.

5. Simulation Studies

This part of the paper is devoted to make the Monte Carlo
simulation procedure. This simulation study is performed
for the classical estimation method: MLE for estimating
parameters of DEOWE distribution in a lifetime by R
language. Monte Carlo experiments are carried out based on
data generated from 10 000 random samples from DEOWE
distribution, where X has DEOWE lifetime for different

a <| 1+ E[exx" - lr ]»UE - «I 1 +B[ex(x"”) - 1]2 ]»UE

actual values of parameters and different sample sizes n: (20,
40, 70, and 100).

We evaluate in every table Rbias and MSE of
estimators.Tables 2-4 summarize the simulation results of
the point estimation method in this paper. We consider the
Rbias and the MSE values to perform the needed comparison
between different parameters’ values and their effect on
point estimation values.

In every table, we fix the  value and increase the values
of both A and «, and then, we study the effect of increasing
and decreasing the values. Concluding remarks are provided
at the end of this section to illustrate the impact of the
increment and decrements of the parameter’s values.
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TaBLE 2: Rbias and MSE for parameter of DEOWE distribution by using MLE when f3 = 0.5.
B=05 A 0.01 0.05 0.15
a N Rbias MSE Rbias MSE Rbias MSE
o 0.0494 0.006 33 0.1658 0.0254 0.3053 0.0773
20 ﬁ -0.0091 0.000 72 0.0028 0.0896 0.0613 0.4852
A 0.0578 0.000012 0.0162 0.001 2 —-0.026 6 0.008 0
o 0.028 8 0.002 63 0.1476 0.0144 0.2656 0.0492
40 B 0.003 6 0.002 98 0.028 5 0.076 5 0.1322 0.3843
05 A 0.0343 0.000 005 —0.0513 0.0002 —-0.0471 0.006 3
’ o 0.0370 0.002 01 0.1417 0.0102 0.2507 0.0299
70 B -0.0021 0.00029 0.0726 0.076 0 0.1324 0.260 4
A 0.004 5 0.000 002 —0.0413 0.0002 -0.1129 0.0023
o 0.0400 0.001 915 0.1317 0.007 7 0.269 6 0.0253
100 B -0.0030 0.000 031 0.0536 0.0601 0.107 3 0.1734
A -0.0127 0.000 002 —0.0619 0.0001 —-0.0808 0.0020
o 0.0020 0.002 674 0.0482 0.0455 0.1556 0.1505
20 B -0.0054 0.001 886 -0.0321 0.0567 —-0.1512 0.1686
A 0.0106 0.000 002 -0.0222 0.000 053 -0.1008 0.0008
o -0.0009 0.001 018 0.0107 0.004 8 0.1363 0.084 6
40 B 0.0010 0.000 389 -0.0079 0.004 5 -0.0224 0.0774
15 A 0.0077 0.000 001 -0.0182 0.000 025 —-0.1030 0.0005
’ [o4 0.0003 0.000 052 0.0425 0.0165 0.1508 0.0800
70 B -0.0003 0.000 008 -0.0231 0.0145 0.0191 0.0395
A 0.004 3 0.000 001 -0.0314 0.000018 —-0.102 8 0.000 4
o 0.0000 0.000 002 0.0241 0.0070 0.1022 0.0377
100 B 0.0000 0.000 002 0.006 5 0.0110 —0.0849 0.0189
A —-0.0007 0.000 000 4 -0.0271 0.000 014 -0.1026 0.0003
o -1.18E-06 1.63E-08 —0.0007 0.024 3 0.002 6 0.0047
20 B 4.19E-05 1.64E-07 0.0079 0.009 4 —-0.0349 0.007 6
A —-0.00513 1.87E-07 —-0.03111 6.91E-06 -0.0957 0.0002
o 2.48E-09 1.41E-13 0.0031 0.0336 0.000 949 7.01E-05
40 B 5.77E-08 1.21E-12 -0.0711 0.0204 -0.0180 0.0005
5 A —0.004 35 1.01E-07 —0.036 06 6.71E-06 -0.0927 0.0002
o 1.90E-05 5.52E-06 0.0035 0.0136 0.0261 0.1196
70 B -0.0006 6.23E-05 —0.0682 0.009 5 -0.1867 0.0372
A —0.004 8 5.80E-08 —-0.03598 4.63E-06 -0.1019 0.0002
o -3.22E-09 8.23E-13 0.0021 0.0090 0.002 4 0.0005
100 B 2.12E-07 3.87E-12 -0.0137 0.004 6 -0.046 8 0.0021
A —0.005 96 4.22E-08 —-0.03287 3.62E-06 -0.096 5 0.0002
TaBLE 3: Rbias and MSE for parameter of DEOWE distribution by using MLE when f = 1.5.
pf=15 A 0.05 0.15 0.5
« n Rbias MSE Rbias MSE Rbias MSE
o 0.1507 0.0267 0.2554 0.0602 0.4102 0.1200
20 B —0.0032 0.1182 -0.007 8 0.3657 —0.086 2 0.6567
A 0.0451 0.0034 -0.0213 0.0129 -0.2128 0.0808
o 0.1439 0.0161 0.2391 0.0351 0.428 8 0.1018
40 B —-0.0037 0.0228 —0.0005 0.2654 -0.0184 0.5306
05 A -0.0513 0.0002 -0.1128 0.004 7 -0.2441 0.056 8
’ o 0.1426 0.0107 0.2360 0.0241 0.4156 0.066 9
70 ﬂ -0.0019 0.0229 0.0042 0.1087 -0.0162 0.2157
A —-0.0825 0.0001 -0.1495 0.001 4 -0.2716 0.0322
o 0.1365 0.008 6 0.2318 0.0213 0.4220 0.069 6
100 B 0.0027 0.0261 0.0051 0.1019 -0.0306 0.4316
A —0.091 2 0.0001 -0.1624 0.0012 —-0.3056 0.0397
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TaBLE 3: Continued.

A 0.05 0.15 0.5
n Rbias MSE Rbias MSE Rbias MSE
o 0.0507 0.0537 0.1883 0.2132 0.5106 1.6006
20 ﬂ 0.0119 0.2062 0.028 4 0.6875 0.0800 1.7386
A -0.0154 0.00010 —0.087 8 0.001 2 -0.2821 0.0238
o 0.0451 0.0270 0.1912 0.1644 0.496 8 1.0146
40 ﬁ —-0.002 3 0.0516 0.0505 0.3261 0.0797 1.076 8
A —-0.0301 0.000 05 -0.0909 0.0007 -0.2767 0.0222
o 0.0249 0.007 3 0.1735 0.1041 0.4958 0.8359
70 ﬁ —0.002 4 0.006 6 0.0417 0.1337 0.1107 0.7872
A -0.0210 0.000 024 -0.0936 0.0005 -0.2701 0.0202
o 0.0233 0.006 6 0.1319 0.0514 0.4423 0.567 4
100 B 0.0008 0.0141 0.0095 0.0576 0.0669 0.3977
A -0.028 6 0.000 021 -0.1014 0.000 4 -0.2755 0.0206
o 0.0140 0.1195 0.0186 0.1286 0.0762 0.6005
20 ﬁ —0.048 2 0.0790 -0.0229 0.0858 —-0.198 8 0.4610
A —0.0400856 1.08E-05 -0.1001 0.0003 -0.2676 0.0186
o —-0.000 6 0.0242 0.0131 0.0461 0.0527 0.1287
40 ﬁ -0.0155 0.0312 -0.0531 0.0418 -0.2498 0.284 4
A —-0.0333109 7.45E—-06 —0.099 5 0.0003 -0.2690 0.0185
o 0.008 4 0.0099 0.0025 0.0007 0.0512 0.1247
70 ﬁ —-0.0410 0.0211 -0.0105 0.001 2 —-0.2246 0.1876
A —0.036 8342 6.23E-06 —0.096 8 0.0002 —-0.2697 0.0184
o 0.000 6 0.0030 0.004 2 0.0072 0.0522 0.5778
100 /3 —-0.003 4 0.0062 -0.0145 0.0054 —-0.160 6 0.1735
A —0.0342271 4.87E-06 -0.0976 0.00023 —0.266 0 0.017 8
TaBLE 4: Rbias and MSE for parameter of DEOWE distribution by using MLE when f = 5.
A 0.15 0.5 1.5
n Rbias MSE Rbias MSE Rbias MSE

o 0.2522 0.0831 0.4186 0.1892 0.9504 0.5885
20 [3 0.0051 1.0218 0.0171 1.796 8 0.0802 43726
A 0.1898 0.0434 0.0730 0.1792 -0.1970 0.7230
o 0.2331 0.048 5 0.3793 0.1051 0.8789 0.4059
40 B 0.0116 0.756 3 0.0090 1.0209 0.0919 2.7993
A -0.0238 0.0107 -0.0970 0.0802 -0.2477 0.644 4
o 0.2345 0.0318 0.3998 0.0809 0.8745 0.3321
70 [3 0.0021 0.600 4 0.0174 0.6908 0.0913 2.1818
A —-0.108 8 0.004 7 -0.1776 0.048 3 -0.3017 0.5171
o 0.2337 0.0260 0.3929 0.067 6 0.8836 0.2979
100 [3 0.004 7 0.2386 0.0130 0.609 8 0.1182 1.928 7
A -0.1414 0.0021 -0.2023 0.0378 -0.3423 0.463 8
o 0.2425 0.2745 0.5213 1.0156 0.8338 2.4090
20 [3 0.0420 1.4605 0.0725 3.3407 -0.0137 1.9459
A —0.090 8 0.001 6 -0.2596 0.0317 -0.4270 0.669 7
o 0.1830 0.1375 0.4842 0.7601 0.8529 2.2589
40 /3 0.0111 0.2801 0.0720 2.4636 -0.0357 1.4294
A -0.1023 0.0010 -0.2783 0.0254 -0.4702 0.6629
o 0.1794 0.1253 0.468 9 0.701 4 0.847 4 1.9385
70 [3 0.0136 0.2758 0.047 4 21276 -0.0281 1.1453
A -0.1039 0.0007 -0.2742 0.0214 -0.5084 0.5991
o 0.1804 0.1039 0.456 9 0.6323 0.8404 1.7738
100 /3 0.0125 0.2570 0.0190 0.7491 -0.0314 0.696 5
A -0.1120 0.0007 -0.277 8 0.0202 -0.514 8 0.607 5
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TasLE 4: Continued.
=5 A 0.15 0.5 1.5
a n Rbias MSE Rbias MSE Rbias MSE
o 0.0401 0.2775 0.1260 0.6790 0.2727 2.2337
20 B -0.0166 0.3161 -0.0834 0.526 4 —-0.3003 2.8737
A -0.1062 0.000 4 -0.2656 0.0191 -0.5253 0.6265
a 0.0081 0.0214 0.1563 0.8875 0.2578 1.8989
40 B -0.0049 0.0144 -0.0913 0.6280 -0.2720 2.1897
5 A -0.1004 0.000 3 -0.2718 0.0191 -0.5251 0.6231
« 0.060 8 0.3348 0.1168 0.5326 0.2469 1.8195
70 B —0.009 6 0.346 3 -0.0707 0.2366 -0.2301 2.0759
A -0.1016 0.0003 -0.264 8 0.0179 -0.4529 0.6130
« 0.0316 0.1140 0.106 3 0.5815 0.2388 1.5142
100 B —-0.0099 0.0730 —-0.067 4 0.4447 -0.2299 1.8351
A -0.1020 0.000 3 -0.2631 0.0177 -0.4153 0.5636
TaBLE 5: Descriptive statistics for first data.
n Min Q1 Median Mean Q3 Max Skewness Kurtosis
54 2.000 4.000 4.000 5.222 6.000 11.000 0.930 2.855
TaBLE 6: MLE and standard error SE for models and goodness-of-fit criteria for each model.
Number of death/day Death counts Binom Pois DMOGE DAPL EDW DEOWE  Nbinom Skellam
0 0 0.3694 0.2913 0.0001 0.003 5 0.0000 0.0002 0.2991 0.2914
1 0 1.758 8 1.5215 0.0873 0.4602 0.040 6 0.0507 1.546 3 1.5218
2 2 4.2651 3.9728 2.1697 3.3627 2.2269 1.3951 4.004 8 3.9734
3 8 7.0205 6.9155 9.1950 8.0609 9.3175 9.9097 6.9283 6.9163
4 19 8.8219 9.028 6 13.5320 10.883 5 12.8132 15.3291 9.006 8 9.0292
5 7 9.0240 9.4299 11.0455 10.4100 10.787 3 10.2807 9.3851 9.4300
6 5 7.8249 8.2075 7.0853 7.987 8 7.3429 6.0497 8.1650 8.2072
7 3 5.914 4 6.1231 4.2590 5.3191 4.5686 3.6739 6.100 4 6.1225
8 2 3.9768 3.9970 2.5513 3.2404 2.7459 2.3243 3.9958 3.996 4
9 5 2.4158 2.3192 1.546 5 1.8725 1.6356 1.5205 2.3309 2.3188
10 2 1.3421 1.2112 0.9493 1.0522 0.976 9 1.0210 1.2260 1.2109
11 1 0.688 6 0.5750 0.5885 0.5847 0.5882 0.6999 0.5874 0.5748
a 0.256 8 5.2222 14.9699 0.0001 0.676 8 6.9746  517.0315  5.2220
SE 09118 0.3110 5.4493 0.2356 0.068 8 2.1294 3.6558 3.6542
B 0.6325 1.6509 85.8710 3.8842 0.9900 0.0002
SE 0.0919 0.0002 1.6734 0.1555 0.0099
0 0.2948 0.000 2 0.206 6 0.156 8
SE 0.3184 0.0370 0.0110
Xz 22.0856 22.2000 13.9355 16.908 9 14.065 4 11.5446 22.1640 22.2003
P value 0.0237 0.0229 0.2366 0.1106 0.2294 0.398 8 0.0231 0.0229
AIC 236.2832 235.7855 230.4802 234.1400 230.8243 229.6866 237.8167 237.7855
CAIC 236.3601 235.8624 230.9602 234.6200 231.3043 230.1666 238.0520 238.0208
BIC 238.2722 237.7745 236.4472 240.1069 236.7913 235.6536 241.7946 241.7635
HQIC 237.0503 236.5526 232.7814 236.4412 233.1255 231.9879 239.3508 239.3197

5.1. Concluding Remarks on Simulation Results. In this
section of the paper, we introduce the major findings de-
duced from the simulation tables; we introduced the effect of
increasing the sample sizes and the effect of increasing the
true values of the parameters used in the simulation study.
Also, we will discuss the effect of fixing the value of every two

parameters and increasing the value of the third one. The
following points can be noted from Tables 2-4:

(1) As we can see from the results from Tables 2-4, by
increasing the sample size, we can see that the
consistent property of MLEs comes true, and the
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F1GURE 3: Graphical plots for the expected frequencies and the data using the PMF of different one parameter distributions, where the x-axis
represents the number of deaths per day and the y-axis represents the frequency for this number.
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FIGURE 4: Graphical plots for the expected frequencies and the data using the PMF of different two-parameter distributions, where the x-axis
represents the number of deaths per day and the y-axis represents the frequency for this number.

Rbias value and MSE values of the three parameters (3) Referring to Table 3 by fixing the value of = 1.5 and

decrease for a fixed value of a =0.5,1.5,5 and increasing A
(2) Referring to Table 2, by making the value of § = 0.5 from 0.05 to 0.5, we deduce. that the MSE and Rbias

and for a fixed value of & = 0.5, 1.5, 5 and increasing of the parameters increase in most cases

A from 0.01 to 0.15, we deduce that the MSE and (4) By increasing the value of 8 from 1.5 to be five as in

Rbias of the parameters increase in most cases Table 4 and making the sample size fixed for both
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FIGURE 6: Graphical plots of the data and the CDF, as we can see in the plot, is distribution with the random variable with value x, where x is

the number of deaths per day.

values of beta, we deduced that the MSE and Rbias of
the parameters increase in most cases

6. Applications to COVID-19 Data

In this section of the paper, we introduce two real data
applications on the COVID-19 mortality numbers in Saudi
Arabia, and the third data are outside Saudi Arabia; this
third data were for Latvia mortality rate. The first data were
an expressed sample on the first wave, while the second
sample was an expressed sample on the second wave. The

first application depends on the period from 26 December to
17 February 2021 for the infections in Saudi Arabia. We used
this period because recording the infection numbers in this
period was accurate as it was the peak of the second wave in
Saudi Arabia. As in the earlier months of infection, re-
cording the number of deaths was not accurate, so we choose
this period specifically. The second dataset was taken for a
period from 30 May 2020 to 20 August 2020. We choose this
period because this period was the starting of the outbreak of
COVID-19 in Saudi Arabia, and the mortality numbers start
to increase also. This period is considered as the peak of the
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FIGURE 7: Graphical plots of the data and the quantile function as a function of (x), where x is the number of deaths per day.
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TaBLE 7: Descriptive statistics for the second data.

n Min Q1 Median

Mean

Q3 Max Skewness Kurtosis

83 17.00 32.00 37.00

36.93

41.00 58.00 0.093 3.029

first wave in Saudi Arabia, which is very important to be
modeled. We also evaluated the information criteria to
introduce the importance of the proposed distribution
compared with other competitors.

6.1. Application 1. In this section, we introduce a very
important real data application for the DEOWE distribu-
tion, which the number of deaths due to COVID-19

infection in Saudi Arabia of 54 days of infection. Table 5
contains some information and descriptive statistics for this
data, which are recorded from 26 December to 17 February
2021. The data used in this application are as below: 9, 8, 9,
11,8,10,9,7,9,7,10,9,7,6,4,4,5,4,5,4,6,3,5,5,6,6, 3,4,
4,4,2,3,4,4,3,2,4,3,4,4,3,3,4,4,5,4,4,5,5,4, 4, 4,
6, 3. This data were collected from the world health
organization, and these numbers represent the number of
deaths per day. For more information, see the following
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TaBLE 8: The dataset used in this application associated with the frequency of each death number and the probability of this number.

Number of deaths/day Death counts for each number DGE DMOGE EDW DEOWE
17 1 0.0585 0.178 8 0.196 5 0.2258
18 0 0.1220 0.2254 0.2733 0.2937
19 0 0.2285 0.2833 0.3709 0.3772
20 1 0.3894 0.3552 0.4920 0.478 8
21 1 0.6117 0.4442 0.6386 0.6009
22 2 0.8956 0.5539 0.8122 0.746 0
23 1 1.2329 0.688 4 1.0131 0.9162
24 2 1.608 7 0.8520 1.2402 1.1134
25 0 2.0030 1.0495 1.4913 1.3383
26 1 2.3938 1.2850 1.7625 1.5909
27 2 2.7600 1.5620 2.0481 1.8694
28 1 3.0835 1.8821 2.3414 2.1700
29 1 3.3510 2.2439 2.6342 2.4869
30 4 3.5542 2.6418 29175 2.8114
31 3 3.6901 3.0646 3.1821 3.1328
32 3 3.7598 3.4946 3.4186 3.4379
33 0 3.7680 3.9079 3.6184 3.7122
34 7 3.7214 42758 3.7743 3.9409
35 3 3.6284 4.5681 3.8803 41104
36 6 3.4979 4.757 8 3.9329 4.2097
37 8 3.3385 4.8258 3.9304 4.2316
38 2 3.1583 4.7651 3.8735 41741
39 6 2.9647 4.5820 3.7654 4.0406
40 5 2.7638 4.2949 3.6109 3.8395
41 4 2.5609 3.9306 3.4165 3.5832
42 3 2.3603 3.5191 3.1899 3.2866
43 0 2.1650 3.0894 2.9395 2.9654
44 1 1.9776 2.6657 2.6738 2.6349
45 2 1.799 8 2.2660 24011 2.3082
46 2 1.6325 1.9019 2.1289 1.9961
47 0 1.476 6 1.5794 1.8640 1.706 1
48 2 1.3321 1.3000 1.6118 1.4432
49 2 1.1991 1.0622 1.376 5 1.2096
50 2 1.0771 0.8628 1.1612 1.0058
51 1 0.9659 0.697 4 0.967 6 0.8306
52 1 0.864 8 0.5615 0.796 5 0.6818
53 0 0.7732 0.4506 0.6477 0.5570
54 1 0.690 5 0.3608 0.5203 0.4531
55 0 0.6159 0.2882 0.4129 0.367 3
56 1 0.5489 0.2299 0.3237 0.2970
57 0 0.488 8 0.1831 0.2506 0.2396
58 1 0.4349 0.1457 0.1916 0.1930
TaBLE 9: Descriptive statistics for the data of COVID-19 mortality numbers in Latvia.
n Min Q1 Median Mean Q3 Max Skewness Kurtosis
33 0 5 8 9 11 18 -0.509 94 0.189237

link: https://covid19.who.int/. This data were used as a real
data example for the proposed distribution and its com-
petitor distributions. We compare the fitting results of the
binomial (bionm), negative binomial(Nbionm), Poisson
(Pois) distributions, see the work of Johnson et al. [22],
discrete generalized exponential (DGE) distribution, see the
work of Nekoukhou et al. [17], the discrete alpha power
inverse Lomax (DAPIL) distribution is introduced by
Almetwally and Ibrahim [23], the discrete Marshall-Olkin

Generalized exponential (DMOGE) distribution is intro-
duced by Almetwally et al. [19], and Skellam [24] introduced
the Skellam distribution, and the results of these fitting are
tabulated in Table 6.

To make the comparison between many distributions,
we must make this comparison based on some criteria; one
of these analytical measures is called the Akaike information
criterion (AIC), see [25]; there are another criteria called
Bayesian information criterion (BIC), see [26], for more
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TaBLE 10: The dataset used in this application associated with the frequency of each death number and the probability of this number.

Value Count DGE DMOGE EDW DEOWE
0 1 0.3164 1.036 6 0.8389 0.8941
1 1 1.3167 1.1129 14161 1.4273
2 2 22211 1.4022 1.763 8 1.7593
3 3 2.7851 1.750 8 2.0293 2.0183
4 1 3.0253 21251 2.2401 2.2240
5 4 3.0234 24811 2.4031 2.3802
6 2 2.8641 2.7641 2.5169 2.4857
7 0 2.6157 29212 2.5768 2.5374
8 2 2.3272 29193 2.5765 2.5323
9 3 2.0310 2.758 5 2.5109 2.4680
10 4 1.746 9 2.4719 2.3773 2.3442
11 3 1.4860 21118 21783 2.1636
12 3 1.2532 1.7319 1.9222 1.9320
13 1 1.0497 1.3732 1.624 3 1.6598
14 1 0.8746 1.0601 1.3056 1.3614
15 0 0.7256 0.8015 0.9907 1.0550
16 0 0.6000 0.596 6 0.703 6 0.7610
17 1 0.494 8 0.4389 0.463 3 0.5003
18 1 0.4071 0.3201 0.2801 0.2901
TaBLE 11: MLE and SE for models” parameters and goodness-of-fit criteria for each model.

DGE DMOGE EDW DEOWE
« 2.7527 0.6721 3.6252 1.3387
SE 0.768 5 1.5248 0.5987 0.3054
B 0.8151 0.7130 0.3936 0.169 8
SE 0.029 817 0.047 5 0.498 6 0.3180
0 23.4651 0.9999 0.0659
SE 3.3965 0.1856 0.0107
ba 15.2493 11.7190 11.7008 11.700 5
P value 0.644 8 0.861 4 0.8623 0.8631
AIC 199.4607 196.707 7 195.3411 195.3255
CACI 199.860 7 197.5353 196.168 7 196.1531
BIC 202.4537 201.1972 199.8306 199.8150
HQIC 200.467 8 198.218 3 196.8517 196.8361

information, and we can also refer to Hannan—-Quinn for
more information criterion (HQIC), see [27], for more
information, and last criteria are called the consistent Akaike
information criterion (CAIC), see [28], for more details; all
these criteria were used to compare the goodness of fit of the
proposed model with other competing distributions. These
measures are as follows.

The AIC is given by

AIC = 2k - 2¢. (22)
The CAIC is
CAIC = #k_l -2¢. (23)
The BIC is calculated as follows:
BIC = k log(n) - 2¢. (24)
The HQIC is
HQIC = 2k log (log(n)) — 2¢. (25)

where k is the number of model parameters, n is the sample
size, and ¢ refers to the log-likelihood function evaluated at
the MLEs. Table 6 provides values of AIC, BIC, CAIC, HQIC
and, chi square (y*) with a degree of freedom, and its P value
for all models is fitted based on the real dataset of Saudi
Arabia. Figure 3 indicates a comparison between these
distributions to get the best distribution; also, Figures 3-5
indicate the graphical plots of the data and the PMF of
DEOWE distributions, with the corresponding competitive
distributions with various numbers of parameters. As we can
see that the plot in Figure 6 is the CDF of the distributions
with the random variable X, while the third graph in Figure 7
is for the quantile function as a function of x, where x is the
number of deaths per day; Figure 8 shows graphical plots of
the data and the PMF of the DEOWE distributions.

6.2. Application 2. In this section, the DEOWE distribution
is fitted to another set of data of COVID-19 mortality
numbers in Saudi Arabia of 83 days of infection, which is
recorded from 30 May 2020 to 20 August 2020. Table 7
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F1GuRre 10: Graphical plots of the data and the CDF, as we can see in the plot, the distributions with the random variable with value x, where x

is the number of deaths per day.

contains some information and descriptive statistics for this
data, while Table 8 contains the dataset used in this appli-
cation associated with the frequency of each death number
and the probability of this number; the data are as follows:
17,22, 23, 22, 24, 30, 32, 31, 34, 36, 34, 37, 36, 38, 36, 39, 40,
39, 41, 39, 48, 45, 46, 37, 40, 39, 41, 41, 46, 37, 40, 48, 50, 49,
54, 50, 56, 58, 52, 49, 42, 41, 51, 30, 42, 20, 40, 42, 45, 37, 40,
39, 37, 34, 44, 34, 37, 31, 30, 27, 29, 27, 26, 24, 21, 30, 32, 35,
36, 35, 38, 37, 37, 32, 34, 36, 34, 35, 31, 39, 28, 34, 36. These

data were collected from the World Health Organization and
these numbers represents the number of deaths per day, for
more information see the following link: https://covid19.
who.int/. We compare the fitting results of the discrete
generalized exponential (DGE) distribution, see the work of
Nekoukhou et al. [17], the discrete Marshall-Olkin gener-
alized exponential (DMOGE) distribution is introduced by
Almetwally et al. [19], and exponentiated discrete Weibull
(EDW) distribution is introduced by Nekoukhou et al. [29].
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Figure 11: Graphical plots of the data and the quantile function as a function of (x), where x is the number of deaths per day.
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FIGURE 12: Graphical plots of the data and the PMF of the DEOWE distributions, as we can see in the plot is the PMF of the distributions
with the random variable with value (x), where x is the number of deaths per day and P(x) is the probability for x.

6.3. Application 3. In this section, the DEOWE distribution
is fitted to another set of data of COVID-19 mortality
numbers in Latvia of 33 days of infection, which is recorded
from 12 May 2021 to 13 April 2021. We choose this period
specifically because it was the peak of the second wave of the
COVID-19 infection in Latvia. Table 9 contains some in-
formation and descriptive statistics for this data, while Ta-
ble 10 contains the dataset used in this application associated
with the frequency of each death number and the probability
of this number, and Table 11 contains the MLE of the pa-
rameters and the P values and chi-square values for the
distributions, also the information criteria for each distri-
bution. The data are as follows: 11, 9, 11, 10, 2, 8, 12, 12, 10,
10,5,2,12,11,13,3,5,6,5,10,6,14,9,1, 8, 3, 3,9, 17,18, 5,
0, 4. These data were collected from the world health

organization, and these numbers represent the number of
deaths per day. For more information, see the following link:
https://covid19.who.int/. We compare the fitting results of
the discrete generalized exponential (DGE) distribution, see
the work of Nekoukhou et al. [17], the discrete Marshal-
1-Olkin generalized exponential (DMOGE) distribution is
introduced by Almetwally et al. [19], and exponentiated
discrete Weibull (EDW) distribution is introduced by
Nekoukhou et al. [29].

6.4. Concluding Remarks on the Real Data

(1) By referring to the goodness-of-fit measurements’
values in Tables 6 and 12, we deduce that the
DEOWE distribution has the lowest chi square, AIC,
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FIGURE 14: Graphical plots of the data and the CDF, as we can see in the plot, is the distributions with the random variable with value x,
where x is the number of deaths per day.

and CAIC values among all distributions for the
three applications.

(2) By referring to the values of the goodness of fit
measurements in Tables 6 and 12, we deduce that the
DEOWE distribution has the highest P value among
all of its competitors for the three applications.

(3) For application one and by referring to Figures 3 and
4, we can see that the one- and two-parameter
distributions provide poor fitting for the data. In
contrast, the three-parameter DEOWE distribution

in Figure 5 provides better fitting for the data among
all its competitors.

(4) For application two and by referring to Figure 9, we
can see that the three-parameter DEOWE distri-
bution in Figure 9 provides better fitting for the data
among all its competitors.

(5) For application two, we can see that the plot in
Figure 10 is the CDF of the distributions with the
random variable X, while the graph in Figure 11 is for
the quantile function as a function of x, where x is the
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FIGURE 15: Graphical plots of the data and the quantile function as a function of x, where x is the number of deaths per day.
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FiGure 16: Graphical plots of the data and the PMF of the DEOWE distributions, as we can see in the plot which is the PMF of the
distributions with the random variable with value x, where x is the number of deaths per day and P(x) is the probability for x.

number of deaths per day. Figure 12 shows graphical
plots of the data and the PMF of the DEOWE
distributions

(6) For application three and by referring to Figure 13,
we can see that the three-parameter DEOWE dis-
tribution in Figure 13 provides better fitting for the
data among all its competitors for more information
about the PMF of the other distributions, see the
Appendix.

(7) For application three, we can see that the plot in
Figure 14 is the CDF of the distributions with the
random variable X, while the graph in Figure 15 is for
the quantile function as a function of x, where x is the
number of deaths per day. Figure 16 shows graphical
plots of the data and the PMF of the DEOWE
distributions

7. Conclusion

In this paper, we introduced a new distribution, which is
called DEOWE distribution the aim to do this work was the
lack of flexibility in other distributions. We studied its
statistical properties and obtained a linear representation for
its PMF and the associated quantile function. We used the
MLE method for estimating the distribution parameters o, (3,
and A. Also, a real dataset of the mortality numbers in the
Kingdom of Saudi Arabia (KSA) was considered to assess the
performance of the DEOWE. The distribution fitting for the
real dataset was compared with its competitors, and by
referring to the values of the goodness of fit measurements,
we deduce that the DEOWE distribution has the lowest chi
square, AIC, and CAIC for the first dataset, and for the
second dataset, we deduce that the DEOWE distribution has
the lowest chi square, AIC, CAIC, BIC, and HQIC and the
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TaBLE 12: MLE and SE for models’ parameters and goodness-of-fit
criteria for each model.

DGE DMOGE EDW DEOWE
o 0.8847 20.5050 3.1576 4.8355
SE 0.0089 0.0039 1.5165 0.7671
B 57.948 8 0.792 6 2.4406 0.570 4
SE 18.4694 0.004 0 0.9515 0.3157
0 300.0100 0.9998 0.0181
SE 0.002 7 0.000 5 0.0007
Ve 52.6242 43.500 3 38.7826 37.4630
P value 0.1054 0.3654 0.569 6 0.628 6
AIC 602.986 2 594.508 2 593.607 3 593.4325
CAIC 603.1362 594.8120 5939111 593.736 3
BIC 607.823 8 601.7647 600.863 9 600.6891
HQIC 604.929 7 597.423 4 596.522 6 596.347 8

highest P value among all of its competitors. This result
indicates that the DEOWE distribution provides a superior
model for fitting the mortality number compared with other
competitive distributions. Also, we make a graphical plot for
the data using the DEOWE with other competitive distri-
butions, and the plots come in our favor and assure the
results of the goodness-of-fit measurements.

Appendix
The PMF of the compared models is given as the following.
(i) Binomial  distribution: ~ P(X =x) = px< n
(I-p"*x=0,1,2,3, ..., n x

(ii) Poisson distribution: P(X =x)=e 1Y/
x,x=0,1,2,3,....

(iii) Negative binomial distribution: P(X = x) = p"
o ntx-1 _
(1-p) ( no1 ),x—o,1,2,3,...

(iv) Skellam distribution: P(X=x)=e "t
()1, i )y % = oy =3,-2,-1,0, 1,2,
3,...

(v) DiSCI('e'E(Se a)l)pha power i){lverse Lomax: P(X = x) =
In(1+(6/x+1 In(1+(6/x+1
(o - aof la—1),x=0,1,2,3,...

(vi) Discrete generalized exponential distribution:

PX=x)=(1-6FNH"-1-69 x=0,1,2,
3,...

(vil) Discrete Marshall-Olkin generalized exponential
distribution:

P(X=x)=A1-(1-p9)"A+(1-1)
(1-p9 = AQ = (1-p"HH/A+ (1-1)
(1-p"Nas*),x=...,-3,-2,-1,0,1,2,3,...
(viii) Exponentiated discrete Weibull:
P(X=x)= (1-p& - (1-p*) x =
..,-3,-2,-1,0,1,2,3,...

For more information about the code used in the paper,
see Function "maxLik” of "maxLik” package in the R pro-
gram which has been used by Pho, K. H., andNguyen, V. T.
(2018) in Comparison of Newton-Raphson algorithm and
Maxlik function, Journal of Advanced Engineering and
Computation, 2(4), 281-292, and Henningsen, A., and
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Toomet, O. (2011), maxLik: A package for maximum like-
lihood estimation in R. Computational Statistics, 26(3),
443-458.

Data Availability

All data links and references are provided within the article.

Conflicts of Interest

The authors declare no conflicts of interest regarding this
paper.

Authors’ Contributions

All authors supervised, validated, visualized, wrote the
original draft, and reviewed and edited the manuscript.
Editing and replying to reviewers have been done by Dr
Taghreed M. Jawa and Neveen Sayed-Ahmed. Proof editing
and fixing typos and revising the language have been done by
both Dr Taghreed M. Jawa and Dr Neveen Sayed-Ahmed.

Acknowledgments

This work was supported by Taif University researchers,
supporting project no. TURSP-2020/318, Taif University,
Taif, Saudi Arabia.

References

[1] A. A. Al-Babtain, A. H. N. Ahmed, and A. Z. Afify, “A new
discrete analog of the continuous Lindley distribution, with
reliability applications,” Entropy, vol. 22, no. 6, p. 603, 2020.

[2] A.Hasab, E. El-Ghitany, and N. Ahmed, “Situational analysis
and epidemic modeling of COVID-19 in Egypt,” Journal of
High Institute of Public Health, vol. 50, no. 1, pp. 46-51, 2020.

[3] A. Algarni, A. M Almarashi, I. Elbatal et al., “Type I half
logistic Burr XG family: properties, bayesian, and non-
bayesian estimation under censored samples and applications
to COVID-19 data,” Mathematical Problems in Engineering,
vol. 2021, Article ID 5461130, 2021.

[4] E. M. Almetwally, “The odd Weibull inverse topp-leone

distribution with applications to COVID-19 data,” Annals of

Data Science, pp. 1-20, 2021, https://doi.org/10.1007/s40745-

021-00329-w.

E. Almetwally, R. Alharbi, D. Alnagar, and E. Hafez, “A new

inverted topp-leone distribution: applications to the COVID-

19 mortality rate in two different countries,” Axioms, vol. 10,

no. 1, p. 25, 2021.

[6] M. El-Morshedy, E. Altun, and M. S. Eliwa, “A new statistical

approach to model the counts of novel coronavirus cases,”

Research Square, 2020.

M. Maleki, M. R. Mahmoudji, D. Wraith, and K. H. Pho, “Time

Series Modelling to Forecast the Confirmed and Recovered

Cases of COVID-19,” Travel Medicine and Infectious Disease,

vol. 37, Article ID 101742, 2020.

[8] I. Nesteruk, “Statistics-based predictions of coronavirus ep-
idemic spreading in mainland China,” Innovative Biosystems
and Bioengineering, vol. 4, no. 1, pp. 13-18, 2020.

[9] M. Batista, “Estimation of the final size of the COVID-19
epidemic,” 2020.

[10] A. H. Muse, A. H. Tolba, E. Fayad, O. A. Abu Ali, M. Nagy,

and M. Yusuf, “Modelling the COVID-19 mortality rate with

[5

[7


https://doi.org/10.1007/s40745-021-00329-w
https://doi.org/10.1007/s40745-021-00329-w

20

a new versatile modification of the log-logistic distribution,”
Computational Intelligence and Neuroscience, vol. 2021, Ar-
ticle ID 8640794, 2021.

[11] X. Liu, Z. Ahmad, A. M. Gemeay, A. T. Abdulrahman,
E. H. Hafez, and N. Khalil, “Modeling the survival times of the
COVID-19 patients with a new statistical model: a case study
from China,” PLoS One, vol. 16, no. 7, Article ID €0254999,
2021.

[12] A. Z. Afify and O. A. Mohamed, “A new three-parameter

exponential distribution with variable shapes for the hazard

rate: estimation and applications,” Mathematics, vol. 8, no. 1,

p. 135, 2020.

R. Alshenawy, A. Al-Alwan, E. M. Almetwally, A. Z. Afify, and

H. M. Almongy, “Progressive type-II censoring schemes of

extended odd Weibull exponential distribution with appli-

cations in medicine and engineering,” Mathematics, vol. 8,

no. 10, p. 1679, 2020.

[14] B. A. Para and T. R. Jan, “On discrete three parameter Burr
type XII and discrete Lomax distributions and their appli-
cations to model count data from medical science,” Biometrics
and Biostatistics International Journal, vol. 4, no. 2, pp. 1-15,
2016.

[15] H. Krishna and P. Singh Pundir, “Discrete Burr and discrete
pareto distributions,” Statistical Methodology, vol. 6, no. 2,
pp. 177-188, 2009.

[16] E. Gémez-Déniz and E. Calderin-Ojeda, “The discrete Lindley

distribution: properties and applications,” Journal of Statis-

tical Computation and Simulation, vol. 81, no. 11, pp. 1405-

1416, 2011.

V. Nekoukhou, M. H. Alamatsaz, and H. Bidram, “Discrete

generalized exponential distribution of a second type,” Sta-

tistics, vol. 47, no. 4, pp. 876-887, 2013.

[18] J. Gillariose, O. S. Balogun, E. M. Almetwally,
R. A. K. Sherwani, F. Jamal, and J. Joseph, “On the discrete
Weibull marshall-olkin family of distributions: properties,
characterizations, and applications,” Axioms, vol. 10, no. 4,
p. 287, 2021.

[19] E. M. Almetwally, H. M. Almongy, and H. A. Saleh, “Man-

aging risk of spreading” COVID-19” in Egypt: modelling

using a discrete marshall-olkin generalized exponential dis-
tribution,” International Journal of Probability and Statistics,

vol. 9, no. 2, pp. 33-41, 2020.

A. A. Al-Babtain, A. M. Gemeay, and A. Z. Afify, “Estimation

methods for the discrete poisson lindley and discrete lindley

distributions with actuarial measures and applications in

medicine,” Journal of King Saud University - Science, vol. 33,

Article ID 101224, 2020.

[21] D. Roy, “The discrete normal distribution,” Communications
in Statistics - Theory and Methods, vol. 32, no. 10, pp. 1871-
1883, 2003.

[22] N. L. Johnson, A. W. Kemp, and S. Kotz, Univariate discrete
distributions, Vol. 444, John Wiley & Sons, , Hoboken, New
Jersey, 2005.

[23] E. M. Almetwally and G. M. Ibrahim, “Discrete alpha power
inverse Lomax distribution with application of COVID-19
data,” International Journal of Applied Mathematics, vol. 9,
no. 6, pp. 11-22, 2020.

[24] J. G. Skellam, “The frequency distribution of the difference
between two poisson variates belonging to different pop-
ulations,” Journal of the Royal Statistical Society, vol. 109,
no. 3, p. 296, 1946.

[25] H. Akaike, “A new look at the statistical model identification,”
IEEE Transactions on Automatic Control, vol. 19, no. 6,
pp. 716-723, 1974.

[13

(17

(20

Complexity

[26] G.Schwarz, “Estimating the dimension of a model,” Annals of
Statistics, vol. 6, pp. 461-464, 1978.

[27] E. J. Hannan and B. G. Quinn, “The determination of the
order of an autoregression,” Journal of the Royal Statistical
Society: Series B Methodological, vol. 41, no. 2, pp. 190-195,
1979.

[28] H. Bozdogan, “Model selection and Akaike’s Information
Criterion (AIC): the general theory and its analytical exten-
sions,” Psychometrika, vol. 52, no. 3, pp. 345-370, 1987.

[29] V. Nekoukhou and B. Hamid, “The exponentiated discrete
Weibull distribution,” Statistics and Operations Research
Transactions, vol. 39, pp. 127-146, 2015.



