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 e �are-up of coronavirus disease 2019 (COVID-19) was �rst identi�ed in China and then spread worldwide.  e concerning
articles are signi�cant because of their increasing average infection rate. e exact scienti�c anatomy of this circumstance remains
to be discussed. Nevertheless, it is important for governments and all responsible organizations to have sound statistics and
analysis to decide on possible necessary actions.  is article compares the dynamics of the COVID-19 pandemic between Saudi
Arabia and Egypt. We provide an appropriate process of convergence of facts that can be useful for both administrations to
implement appropriate quarantine procedures. In addition, the new generalized modi�ed Weibull distribution is provided to
provide the preferred description about COVID-19 total cases, daily new cases, total deaths, and daily death statistics of Saudi
Arabia and Egypt.

1. Introduction

 is article has the potential to compare the COVID-19
pandemic outbreak in Saudi Arabia and Egypt. We present a
new �exible model to represent the COVID-19 pandemic
and closely examine its behavior.  e extended model is an
improvement of COVID-19 modeling. We refer to some
comparisons of epidemic dynamics between di�erent
countries in [1–14]. Figure 1 shows the latest information on
the total number of COVID-19 cases in Saudi Arabia 1(a)
and Egypt 1(b). Figure 2 shows the daily new cases in Saudi
Arabia 2(a) and Egypt 2(b).

Figure 3 shows the total number of COVID-19 deaths in
Saudi Arabia 3(a) and Egypt 3(b). Figure 4 shows daily
COVID-19 deaths in Saudi Arabia 4(a) and Egypt 4(b).  e
gamma, exponential, and Weibull distributions are poor
models for �tting the defensible data. Defensible data require
the use of a model that is su�ciently �tted within its

framework (see Dutta and Perry [15]). Many researchers
have adopted new families of distributions (see Ahmad et al.
[16], Ahmad et al. [17], Nasir et al. [18], Jamal and Nasir [19],
Al-Mo�eh [20], A�fy et al. [21], A�fy and Alizadeh [22], and
Cordeiro et al. [23]). In this article, the new method of
generalized U-family is used to propose an extended class of
statistical models. SupposeW(u;Ξ) is the CDF and w(u;φ)
is the PDF of an R.V.  e CDF 5(u; ρ,Ξ) of the new gen-
eralized-U (NG -U) family of distributions (see Alzaatreh
[24]), is given by

|(u; ρ,Ξ) � 1 −
1 − W(u;Ξ)2[ ]

ρ

exp W(u;Ξ)2[ ]
 , ρ> 0, u ∈ R, (1)

where Ξ is the parameter vector.  e corresponding
PDF, survival function (SF), and hazard rate function
(HRF) of R.V.X over the NG-U family are given, respec-
tively, as
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Figure 1: Plots for total COVID-19 cases in Saudi Arabia (a) and Egypt (b).
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Figure 2: Plots for daily new cases in Saudi Arabia (a) and Egypt (b).
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Figure 3: Plots for total COVID-19 deaths in Saudi Arabia (a) and Egypt (b).
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Figure 4: Plots for daily deaths in Saudi Arabia (a) and Egypt (b).
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f(u; ρ,Ξ) � 2e
− W(u;Ξ)2

w(u;Ξ)W(u;Ξ) 1 − W(u;Ξ)2 
ρ− 1

1 − W(u;Ξ)2 + ρ ,

S(u; ρ,Ξ) � e
− W(u;Ξ)2 1 − W(u;Ξ)2 

ρ
,

h(u; ρ,Ξ) � 2w(u;Ξ)W(u;Ξ) 1 − W(u;Ξ)2 
− 1

1 − W(u;Ξ)2 + ρ .

(2)

With the new CDF of NG-U, many new flexible models
with heavy tails can be obtained. Based on the NG-U ap-
proach, some newly added models are presented in Table 1.
+is article is organized as follows: Section 2 defines the new
generalized modified Weibull distribution (NG-MW).
Section 3 provides the maximum likelihood estimators
(MLEs). Section 4 provides the Bayesian estimators. Section
5 performs a simulation discussion. Section 6 analyzes
COVID-19 real data to illustrate its potential. Section 7
provides concluding remarks.

2. Submodel Description

+e modified Weibull distribution is one of the most
memorable modifications of the Weibull distribution, de-
veloped to provide adaptability to the exponential, Rayleigh,
linear failure rate, and Weibull distributions (see [25]). We
further develop this area of distribution theory and provide a
new memorable version of the modified Weibull model to
improve its adaptability. +e modified Weibull distribution
with three parameters Ξ � (δ, η, ζ) has CDF, PDF, SF, and
HRF and is given by

W(x; δ, η, ζ) � 1 − e
− δx− ηxζ

, x> 0, ζ > 0, δ, η≥ 0, ξ + η> 0,

w(x; δ, η, ζ) � e
− δx− ηxζ

δ + x
ζ− 1ηζ , x> 0, ζ > 0, δ, η≥ 0, δ + η> 0,

S(x; δ, η, ζ) � e
− δx− ηxζ

, x> 0, ζ > 0, δ, η≥ 0, δ + η> 0,

h(x; δ, η, ζ) � δ + ηζx
ζ− 1

, x> 0, ζ > 0, δ, η≥ 0, δ + η> 0.

(3)

We introduce the NG-MWdistribution and examine the
setting of its PDF, SF, and HRF. An R.V.X follows the NG-
MW distribution if its CDF takes the form

F(x; δ, η, ζ, ρ) � 1 − e
− 1− e− xδ− xζ η( 

2

1 − 1 − e
− xδ− xζ η

 
2

 

ρ

.

(4)

where x> 0, ζ, ρ> 0, δ, η≥ 0, and δ + η> 0. +e PDF, SF, and
HRF of the NG-MW distribution are, respectively, given by

f(x; δ, η, ζ, ρ) � 2e
− δx− ηxζ − − 1+e− δx− ηxζ( 

2

δ + ηζx
ζ− 1

  1 − e
− δx− ηxζ

 

× 1 − − 1 + e
− xδ− xζ η

 
2

 

ρ− 1

1 − − 1 + e
− xδ− xζ η

 
2

+ ρ ,

S(x; δ, η, ζ, ρ) � e
− 1− e− xδ− xζ η( 

2

1 − 1 − e
− xδ− xζ η

 
2

 

ρ

,

(5)

h(x; δ, η, ζ, ρ) �

2e
− xδ− xζ η δ + x

− 1+ζηζ  1 − e
− xδ− xζ η

  1 − 1 − e
− xδ− xζ η

 
2

+ ρ 

1 − 1 − e
− xδ− xζ η

 
2 . (6)
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+e model NG-MW reduces to the NG-Weibull dis-
tribution when δ � 1, and reduces to the modified Weibull
distribution when ρ � 1.

3. Maximum Likelihood Estimation

Let the observed values x1, x2, . . . , xn of X1, X2, . . . , Xn be a
random sample from the model NG-X. +e NG-X proba-
bility is

l � 2n
e

− 
n

i�1 W xi;Ξ( )
2



n

i�1
w xi;Ξ( W xi;Ξ(  1 − W xi;Ξ( 

2
 

ρ− 1
1 − W xi;Ξ( 

2
+ ρ  . (7)

+e corresponding NG-X log-likelihood is given by

L � nLog[2] − 
n

i�1
W xi;Ξ( 

2
+ 

n

i�1
Log w xi;Ξ(   + 

n

i�1
Log W xi;Ξ(  

+(ρ − 1) 
n

i�1
Log 1 − W xi;Ξ( 

2
  + 

n

i�1
Log 1 + ρ − W xi;Ξ( 

2
 .

(8)

MLE can be derived by maximizing equation (8) as
follows:

zL

zρ
� 

n

i�1
Log 1 − W xi;Ξ( 

2
  + 

n

i�1

1
1 + ρ − W xi;Ξ( 

2. (9)

Table 1: New submodules via the NG-X family.

No. Model Survival function Generated model
1 Beta ([1 − Ix(a, b)2]ρ/exp[Ix(a, b)2]) a, b, ρ> 0
2 Burr ([1 − 1 − (1 + xa)− 2b]ρ/exp[1 − (1 + xa)− 2b]) a, b, ρ> 0
3 Erlang ([1 − ((1/(a − 1)!))c(a, bx)2]ρ/exp[((1/(a − 1)!))c(a, bx)]) a, b, ρ> 0
4 Exponential ([1 − 1 − exp (− ax)2]ρ/exp[1 − exp (− ax)2]) a, ρ> 0
5 Frechet ([1 − exp (− (x/b)− a)2]ρ/exp[exp (− (x/b)− a)2]) a, b , ρ> 0
6 Gamma ([1 − c(a, bx)c(a)2]ρ/exp[c(a, bx)c(a)2]) a, b , ρ> 0
7 Gumbel ([1 − exp (− exp(− (x − a)/b))2]ρ/exp[exp (− exp(− (x − a)/b))2]) b, ρ> 0
8 Half logistic ([1 − (1 − exp(− x))/(1 + exp(− x))2]ρ/exp[(1 − exp(− x))/(1 + exp(− x))2]) ρ> 0
9 Kumaraswamy ([1 − 1 − (1 − xa)2b]ρ/exp[1 − (1 − xa)2b]) a, b , ρ> 0
10 Lindely ([1 − 1 − ((exp(− ax)(1 + a + ax))/(1 + a))2]ρ/exp[1 − ((exp(− ax)(1 + a + ax))/(1 + a))2]) a, ρ> 0
11 Linear failure rate ([1 − 1 − exp (− axb − cx)2]ρ/exp[1 − exp (− axb − cx)2]) a, b, c, ρ> 0
12 Log logistics [1 − (1/(1 + (x/b)− a))2]ρ/exp[(1/(1 + (x/b)− a))] a, b, ρ> 0
13 Lomax [1 − 1 − (1 + ax)− 2b]ρ/exp[1 − (1 + ax)− 2b] a, b, ρ> 0
14 Normal ([1 − ϕ((x − a)/b)2]ρ/exp[ϕ((x − a)/b)2]) b, ρ> 0
15 Pareto [1 − 1 − (xm/x)2a]ρ/exp[1 − (xm/x)2a] a, xm, ρ> 0
16 Power function ([1 − (x/b)2a]ρ/exp[(x/b)2a]) a, b, ρ> 0
17 Rayleigh [1 − 1 − exp (− ax2)2]ρ/exp[1 − exp (− ax2)2] a, ρ> 0
18 Topp Leone ([1 − xa(2 − xa)2]ρ/exp[xa(2 − xa)2]) a, b, ρ> 0
19 Uniform ([1 − (x/a)2]ρ/exp[(x/a)2]) a, ρ> 0
20 Weibull ([1 − 1 − exp (− axb)2]ρ/exp[1 − exp (− axb)2]) a, b, ρ> 0
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+en the NG-MW log-likelihood function has the form

L � nLog[2] − 
n

i�1
1 − e

− δxi − ηx
ζ
i 

2
+ 

n

i�1
Log e

− xiδ− x
ζ
i
η δ + x

ζ− 1
i ηζ  

+ 

n

i�1
Log 1 − e

− δxi − ηx
ζ
i   +(ρ − 1) 

n

i�1
Log 1 − 1 − e

− δxi − ηx
ζ
i 

2
 

+ 
n

i�1
Log 1 + ρ − 1 − e

− δxi− ηx
ζ
i 

2
 .

(10)

Maximizing equation (10) to obtain the MLE estimates
as follows:

zL

zδ
� 

n

i�1

xi

e
δxi+ηx

ζ
i − 1

+ 2(ρ − 1) 
n

i�1

xie
− δxi − ηx

ζ
i e

− δxi − ηx
ζ
i − 1 

1 − 1 − e
− δxi − ηx

ζ
i 

2

+ 2

n

i�1

1

1 + ρ − 1 − e
− δxi − ηx

ζ
i 

2 + 1
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠xie
− δxi− ηx

ζ
i e

− δxi − ηx
ζ
i − 1 

+ 
n

i�1

1 − xi δ + ηζx
ζ− 1
i 

δ + ηζx
ζ− 1
i

,

(11)

zL

zη
� 

n

i�1

x
ζ
i
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δxi+ηx

ζ
i − 1

+ 2(ρ − 1) 

n

i�1

x
ζ
i e

− δxi − ηx
ζ
i e

− δxi − ηx
ζ
i − 1 

1 − 1 − e
− δxi− ηx

ζ
i 

2

+ 2
n

i�1

1

1 + ρ − 1 − e
− δxi− ηx

ζ
i 

2 + 1
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠x
ζ
i e

− δxi − ηx
ζ
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− δxi− ηx
ζ
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+ 
n

i�1

x
ζ− 1
i ζ − xi δ + ηζx

ζ− 1
i  

δ + ηζx
ζ− 1
i

,

(12)

zL

zζ
� 

n

i�1

ηx
ζ
i Log xi 

e
δxi+ηx

ζ
i − 1

+ 2η(ρ − 1) 
n

i�1

e
− δxi− ηx

ζ
i − 1 x

ζ
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− δxi− ηx
ζ
i Log xi 

1 − 1 − e
− δxi − ηx

ζ
i 

2

+ 2η
n

i�1

e
− δxi − ηx

ζ
i − 1 x

ζ
i e

− δxi − ηx
ζ
i Log xi 

1 + ρ − 1 − e
− δxi − ηx

ζ
i 

2

+ 2η
n

i�1
e

− δxi − ηx
ζ
i − 1 x

ζ
i e

− δxi − ηx
ζ
i Log xi 

+ 
n

i�1

− ηLog xi x
ζ
i δ + ηζx

ζ− 1
i  + ηx

ζ− 1
i + ηζLog xi x

ζ− 1
i 

δ + ηζx
ζ− 1
i

,

(13)

zL

zρ
� 

n

i�1

1

1 + ρ − 1 − e
− δxi − ηx

ζ
i 

2 + 
n

i�1
Log 1 − 1 − e

− δxi− ηx
ζ
i 

2
 .

(14)
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+e maximum likelihood estimators of the NG-MW
distribution parameters δ, η, ζ, and ρ are the solutions of the
above nonlinear equations. Since the equations expressed in
(11)–(14) cannot be solved analytically, one must use a
numerical procedure to solve them. +e asymptotic C.Is of
δ, η, ζ, and ρ can be calculated. +e variance-covariance
matrix V(κ, η, ζ, ρ) was given by

V(κ, η, ζ, ρ) � −

z2L

zδ2
z2L

zδ zη
z2L

zδ zζ
z2L

zδ zρ

z2L

zη zδ
z2L

zη2
z2L

zη zζ
z2L

zη zρ

z2L

zζ zδ
z2L

zζ zη
z2L

zζ2
z2L

zζ zρ

z2L

zρ zδ
z2L

zρ zη
z2L

zρ zζ
z2L

zρ2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

− 1

. (15)

A 100(1 − ε)% two-sided approximate C.Is for δ, η, ζ,
and ρ are, respectively, given by

δ ± z(δ/2)

�����

V(δ)



,

η ± z(δ/2)

�����

V(η)



,

ζ ± z(δ/2)

�����

V(ζ)



,

ρ ± z(δ/2)

�����

V(ρ)



,

(16)

where V(δ), V(η), V(ζ), and V(ρ) are given by the diagonal
elements of V(δ, η, ζ, ρ), and z(ε/2) is the upper (ε/2) per-
centile of the standard normal distribution.

4. Bayesian Estimation

Assume that δ, η, ζ, and ρ are R.Vs corresponding to the
prior PDFs Gamma (δ; a1, b1), Gamma (η; a2, b2), Gamma
(ζ; a3, b3), respectively. Gamma (ρ; a4, b4) follows, where ai

and bi are positive constants and i � 1, 2, 3, 4. +e posterior
DF of δ, η, ζ, ρ and the data under the gamma priors can take
the following forms:

π1(δ) �
b

a1
1

ζ a1( 
δa1− 1 exp − b1δ , δ, a1, b1 > 0,

π2(η) �
b

a2
2

ζ a2( 
ηa2− 1 exp − b2η , η, a2, b2 > 0,

π3(ζ) �
b

a3
3

ζ a3( 
ζa3− 1 exp − b3ζ , ζ, a3, b3 > 0,

π4(ρ) �
b

a4
4

ζ a4( 
ρa4− 1 exp − b4ρ , ρ, a4, b4 > 0.

(17)

+en, the posterior density of δ, η, ζ, ρ and the data can
be extracted as

π∗(δ, η, ζ, ρ | x)∝ π(δ, η, ζ, ρ)



n

i�1
f xi; δ, η, ζ, ρ(  � J

− 1δa1− 1ηa2− 1ζa3− 1
1 ρa4− 1

e

− b1δ+b2η+b3ζ+b4ρ( )− 

n

i�1
δxi + ηx

ζ
i + 1 − e

− δxi − ηx
ζ
i 

2

· 
n

i�1
δ + ηζx

ζ− 1
i  1 − e

− δxi − ηx
ζ
i  1 − 1 − e

− δxi − ηx
ζ
i 

2
 

ρ− 1



n

i�1
1 + ρ − 1 − e

− δxi − ηx
ζ
i 

2
 ,

(18)

where xi ≥ 0, δ, η, ζ, ρ, ai, bi > 0, i � 1, 2, 3, 4. And J is the
normalizing constant.

5. MCMC Method

We use the Metropolis–Hastings (M-H) procedure as
follows:

(1) Set initial values δ(0), η(0), ζ(0), and ρ(0). +en, sim-
ulate a sample of size n from NG-MW, next set l � 1.

(2) Simulate δ(∗), η(∗), ζ(∗), and ρ(∗ ) using the proposal
distributions N(δ(l− 1), V(δ)), N(η(l− 1), V(η)),
N(ζ(l− 1)

, V(ζ)), and N(ρ(l− 1), V(ρ)).

(3) Obtain the probability r � min((π∗(δ(∗), η(∗),

ζ(∗)
, ρ(∗))/π∗ (δ(l− 1), η(l− 1), ζ(l− 1)

, ρ(l− 1))), 1).
(4) Simulate U from Uniform (0, 1).
(5) If U< r, then (δ(l), η(l), ζ(l)

, ρ(l)) �

(δ(∗), η(∗), ζ(∗)
, ρ(∗)). If U≥ r, then

(δ(l− 1), η(l− 1), ζ(l− 1)
, ρ(l− 1)) � (δ(∗), η(∗), ζ(∗)

, ρ(∗)).
(6) Set l � l + 1.
(7) Iterate steps 2–6, M repetitions, and get δ(l), η(l), ζ(l)

and ρ(l) for l � 1, . . . , M.

Now, if we use the squared error loss function, given by
LSE(ϑ, ϑ) � (ϑ − ϑ)2, where ϑ is an estimate of the unknown
parameter ϑ � δ, η, ζ, and ρ against the loss function SE and
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is the posterior mean. Using the generated random samples
from the Gibbs sampling procedure above and for N is the
burn, then the Bayesian estimator of ϑ, say ϑSE, can be
obtained as

ϑSE � Eϑ[ϑ|x]

�
1

M − N


M

l�N+1
ϑ(l)

.

(19)

+e second loss function is the LINEX loss function,
given by

LLE(ϑ, ϑ) � exp[ϖ(ϑ − ϑ)] − ϖ(ϑ − ϑ) − 1, ρ≠ 0. (20)

+e approximate Bayes estimate of ϑ � σ, δ, ζ, and ρ
under LE loss function based on the Gibbs sampling
technique, becomes

ϑLE �
− 1
ϖ

log Eϑ[exp(− ϖϑ)|x]( 

�
− 1
ϖ

log


M
l�N+1 exp − ϖϑ(l)

 

M − N
⎛⎝ ⎞⎠.

(21)

Finally, the general entropy (GE) loss function, given by

LGE(ϑ, ϑ) �
ϑ
ϑ

 

ε

− ε log
ϑ
ϑ

  − 1. (22)

+e approximate Bayes estimate of the parameters, given
by

ϑGE � Eϑ ϑ− ε
|x ( 

(− 1/ε)
�

1
M − N



M

l�N+1
ϑ(l)

 
− ε

⎛⎝ ⎞⎠

(− 1/ε)

.

(23)

+e MCMC HPD credible interval algorithm procedure
is as follows:

(1) Sort δ(∗), η(∗), ζ(∗), and ρ(∗) in rising values.
(2) +e lower bounds of δ, η, ζ, and ρ in the rank

(M − N)∗ (ε/2).
(3) +e lower bounds of δ, η, ζ, and ρ in the rank

(M − N)∗ (1 − (ε/2)).
(4) Iterate the previous steps M times. Get the average

value of the lower and upper bounds of δ, η, ζ, and ρ.

+e first and second lines show the credible HPD
interval and the corresponding width of the parameter,
respectively.

Table 2: Point and interval estimation of the parameters δ, η, ζ, ρ.

Parameter Init. a
Point Interval

B ML SE LE1 LE2 GE ML HPDS HPDLE1 HPDLE2 HPDGE

δ

2.6 0.99 0.73 2.9078 2.6908 2.6936 2.6841 2.6853 0.209
5.6066

2.594
2.945

2.5992
2.9463

2.5854
2.9426

2.587
2.9426

0.3078 0.0908 0.0936 0.0841 0.0853 5.3975 0.351 0.3471 0.3571 0.3556
1.8959 0.0301 0.0304 0.0295 0.0296

0.6359
5.1797

2.631
2.925

2.6332
2.9255

2.6194
2.9246

2.6214
2.925

4.5438 0.294 0.2923 0.3053 0.3035

η

3.2 0.01 0.47 2.9078 3.1875 3.1908 3.1798 3.1823 0.426
5.3896

2.853
3.283

2.8526
3.2869

2.8525
3.2718

2.8526
3.2764

− 0.2922 − 0.0125 − 0.0092 − 0.0202 − 0.0177 4.9636 0.43 0.4344 0.4193 0.4238
1.6033 0.029 0.0289 0.0292 0.0291

0.8185
4.9971

2.881
3.245

2.8826
3.2498

2.8788
3.2331

2.879
3.2364

4.1785 0.364 0.3672 0.3543 0.3574

ζ

5.01 0.64 0.29 2.4463 5.0218 5.0254 5.0135 5.0182 0.0001
5.3299

4.753
5.263

4.7584
5.2657

4.7445
5.2582

4.7455
5.2611

− 2.5636 0.0118 0.0154 0.0035 0.0082 5.3298 0.51 0.5072 0.5137 0.5156
2.1645 0.0296 0.0296 0.0297 0.0296

0.0188
4.8738

4.788
5.223

4.7911
5.2264

4.7821
5.2138

4.7857
5.2192

4.8551 0.435 0.4353 0.4317 0.4335

ρ

3.7 0.26 0.52 3.2558 3.4274 3.4283 3.4255 3.4262 0.2639
6.2477

3.308
3.39

3.3081
3.3902

3.3081
3.3887

3.3081
3.3891

− 0.4442 − 0.2726 − 0.2717 − 0.2745 − 0.2738 5.9838 0.082 0.0822 0.0807 0.081
2.3301 0.0798 0.0794 0.0807 0.0803

0.7371
5.7745

3.312
3.384

3.3125
3.3846

3.3124
3.3836

3.3124
3.3841

5.0373 0.072 0.0721 0.0712 0.0717
Point estimate: the first line represents estimate, the second line represents bias, and the third line represents ER. Interval estimate: 95% and 90% interval
estimate, respectively. +e first and second lines show the credible HPD interval and the corresponding width of the parameter, respectively.
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6. Numerical Calculations

First, we simulate M� 1000 samples of size n� 50 from the
model NG-MW over initial parameter values
δ(0) � 2.6, η(0) � 3.2, ζ(0)

� 5.01, and ρ(0) � 3.7. In this
simulation study, we empirically determine the biases and
expected risks (ER) of the MLEs and Bayesian methods for
the different parameter combinations of each sample. +e
point estimates of the parameters using the 200 burns
MCMC methods are obtained. Two LINEX loss functions
are used: LE1 when ϖ � − 0.3 and LE2 when ϖ � 0.7. +e
biases and ERs are given respectively by

Bias(ϑ) �
1

1000


1000

i�1

ϑi − ϑ ,

ER(ϑ) �
1

1000


1000

i�1

ϑi − ϑ 
2
.

(24)

Coverage probabilities (CPs) are also calculated for the
95% and 90% HPD credibility intervals. Simulation results
are shown in Table 2 for parameters δ, η, ζ, and ρ.

Next, the COVID-19 dataset (see, [4]) is considered as an
application of the NG-MWmodel and is given by 0.054, 0.064,
0.704, 0.816, 0.235, 0.976, 0.865, 0.364, 0.479, 0.568, 0.352,
0.978, 0.787, 0.976, 0.087, 0.548, 0.796, 0.458, 0.087, 0.437,
0.421, 1.978, 1.756, 2.089, 2.643, 2.869, 3.867, 3.890, 3.543,
3.079, 3.646, 3.348, 4.093, 4.092, 4.190, 4.237, 5.028, 5.083,
6.174, 6.743, 7.274, 7.058, 8.273, 9.324, 10.827, 11.282, 13.324,
14.278, 15.287, 16.978, 17.209, 19.092, 20.083.+e expected real
results are shown in Table 3 for the parameters δ, η, ζ, and ρ.

Table 4 compares the NG-MW distribution based on
some recognition criteria, such as the Akaike information
criterion (AIC), Bayesian information criterion (BIC),
Hannan–Quinn information criterion (HQIC), and the
consistent Akaike information criterion (CAIC). +e
goodness-of-fit results of the NG-MW model are compared

with some other models, including Weibull, NG-Weibull
(NG-W), and NG-exponential (NG-Exp) distributions.

7. Conclusion

In this paper, a four-parameter extension of the Weibull
distribution, the new generalized modified Weibull distri-
bution, is discussed in detail. Maximum likelihood and
Bayesian estimation are used to estimate the model pa-
rameters. A simulation study was conducted to evaluate the
performance of the new generalized modified Weibull
distribution. +e flexibility and usefulness of the proposed
new generalized modified Weibull distribution is shown in
the analysis of COVID-19 data. +e new generalized
modified Weibull model outperformed many other old
models, as shown in the results in Table 4. +e performance
of the Bayesian estimates is more excellent than that of the
corresponding ML estimators. +e results indicate that the
generalized Weibull model, as a special case of the new
generalized modified Weibull model, provides a better fit
than other competing models. We found that the proposed
model provides a better characterization of COVID-19
events by analyzing daily death data. +erefore, it can be a
perfect model for predicting future cases.

Data Availability

All the datasets used in this paper are available from the
corresponding author upon request.

Table 3: Point and interval estimation of the parameters δ, η, ζ, ρ via the COVID-19 dataset.

Parameter a b
Point Interval

ML SE LE1 LE2 GE ML HPDS

δ

0.27 0.23 0.2738 0.2317 0.2316 0.2316 0.2316 0.0167 0.5233 0.1212 0.2639
0.0167 1.30E − 09 9.90E − 31 3.70E − 32 1.20E − 32 0.5066 0.1427

0.0568 0.4832 0.4999 0.6933
0.4265 0.1934

η

0.55 0.64 0.6387 0.2497 0.2497 0.2497 0.2496 0.1438 1.1362 0.2247 0.2543
0.0641 1.00E − 04 5.10E − 05 5.10E − 05 0.0001 0.9925 0.0296

0.2223 1.0577 0.2295 0.2522
0.8355 0.0227

ζ

0.5 0.52 0.5243 0.4457 0.4457 0.4455 0.4449 0.2046 0.8354 0.3705 0.4542
0.0259 2.80E − 32 0.0004 0.0004 0.0004 0.6309 0.0837

0.2545 0.7855 0.389 0.4542
0.5311 0.0652

ρ

0.18 0.52 0.5194 0.4999 0.4999 0.4999 0.4999 0.0001 1.1391 0.4999 0.7598
0.0998 2.80E − 32 2.70E − 32 1.20E − 32 2.70E − 32 1.139 0.2599

0.0001 1.0412 0.4999 0.6933
1.0411 0.1934

Point estimate: the first line represents estimate and the second line represents ER. Interval estimate: 95% and 90% interval estimate, respectively.

Table 4: Relative quality of the NG-MW vs competing models.

Model AIC CAIC BIC HQIC
NG-W 273.0032 273.493 278.9141 275.2762
NG-MW 274.5728 275.4061 282.454 277.6035
NG-Exp 282.32 282.56 286.2606 283.8354
Weibull 321.4568 321.9466 327.3677 323.7298
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