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Abstract

This paper considers the maximum number of weekly cases and deaths caused by
the COVID-19 pandemic in Iraq from its outbreak in February 2020 until the first of
July 2022. Some probability distributions were fitted to the data. Maximum
likelihood estimates were obtained and the goodness of fit tests were performed.
Results revealed that the maximum weekly cases were best fitted by the Dagum
distribution, which was accepted by three goodness of fit tests. The generalized
Pareto distribution best fitted the maximum weekly deaths, which was also accepted
by the goodness of fit tests. The statistical analysis was carried out using the Easy-
Fit software and Microsoft Excel 2019.
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1. Introduction
Since the outbreak of COVID-19 at the end of 2019, it rapidly spread worldwide and
causes the death of people of all ages, mostly the elderly and those with certain chronic

illnesses [1]. It is of interest to provide the best description of the COVID-19 data by fitting a
probability model. Datta, R. et al [2] studied the growth of COVID-19 cases using the
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structural break methodology. They concluded that the lognormal distribution provides a
better fitting to the number of days and the number of cases in each break interval of COVID-
19 data in the whole world. Aadhityaa M. et al [3] used a statistical modeling approach to
study the applicability of extreme value distributions in predicting COVID-19 confirmed
cases. Balli S. [4] examined the increase of Covid-19 weekly cases in the USA, Germany, and
the globe. He found that the largest extreme value distribution was due for the global and
Germany and that the smallest extreme value distribution was due for the USA. Daouia A. et
al [5] studied the transmission of SARS-CoV-2 using extreme value methods. They suggested
fitting the discrete generalized Pareto distribution to the exceedances over a high threshold.
In an unpublished paper [6], a study on modeling COVID-19 daily cases and deaths data in
Irag concluded that the extreme value distribution and the generalized Pareto distribution
were the best for fitting these data. It was suggested to carry out the analysis with extreme-
value data rather than the original data.

This paper considers the maximum number of weekly cases and deaths caused by the
COVID-19 pandemic in Irag from its outbreak in February 2020 until the first of July 2022.
Dagum, Burr Type XIllI, the generalized extreme value, the generalized Pareto, and Pearson
Type 6 distributions are proposed for modeling the maximum weekly cases and deaths data.
The performance of these distributions is ranked by three goodness of fit tests: the
Kolmogorov-Smirnov, Anderson-Darling, and chi-square tests.

2. Statistical Distributions
We will review the statistical distributions used in the study. These distributions are the
best fitted to our data.

2.1 Dagum Distribution

The Dagum distribution is proposed by Dagum (1977) [7]. It has many important
applications in economics, such as modeling income data. It is further used in models of
wealth distribution [8]. Among other applications, it is used in modeling lifetime data. In the
actuarial literature, the Dagum distribution is known as the inverse Burr distribution [9]. The
three-parameter Dagum distribution pdf is given as
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where B is a scale parameter, and a and k are shape parameters. The Dagum distribution is

a Burr type I distribution after involving the additional scale parameter 3. The Dagum

distribution with the shape parameter k = 1 is known as the log-logistic distribution. The

cumulative distribution function is

rw=( ) )

2.2 Burr Type XII Distribution

The Burr type XII distribution was first introduced by Burr (1942) [10]. This distribution
can fit a wide range of data in various fields and has a lot of application areas, especially in
quality control, reliability, and environmental data [11]. The Burr type XII distribution is
flexible enough to include various shapes and it is among the distributions that are sensitive to
extreme values [12]. The probability density function is

flx) = x>0; k,a,f>0
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where B is the scale parameter, a and k are shape parameters. The corresponding distribution
function is

F=1- (14 (2))

2.3 The Generalized Extreme Value Distribution

The generalized extreme value distribution is a generalized form of a family of three types
of extreme value distributions known as type | (Gumbel), type Il (Frechet), and type IlI
(Weibull) extreme value distributions [13]. In other words, the generalized extreme value
distribution includes these three types of distributions as special cases [14]. It is used to
simulate extreme events and natural disasters [15]. The probability density function is

flx) = x>0; k,afp>0
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fx) = k#0

=
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where z = % and k, ¢ > 0, and u are the shape, scale and location parameters, respectively.

The corresponding cumulative distribution function is
Fx) = {exp(—(l + kz)~Vk), k+0
exp(—exp(—2)), k=0

2.4 The Generalized Pareto Distribution

The generalized Pareto distribution was suggested by Pikands (1975) [16] and has been
studied by Davison and Smith (1990) [17], Castillo and Hadi (1997) [18] and others. It is
widely used as a probability distribution to analyze extreme events that exceed a threshold.
The probability density function is
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The cumulative distribution function is
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2.5 Pearson Type 6 Distribution

The Pearson family of distributions was proposed by Karl Pearson in 1894 [19]. It is a
possible candidate for fitting very large data sets in comparison with other distributions. The
beta- and F-distributions are particular cases of this distribution [20]. The probability density
function is

fx) =

F(x) = 1

(x/p)=t
BB (ay, a;)(1+ x/B)xrta:

, x> 0; a,a,, >0
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The cumulative distribution function is
F(x) = Lyjxepy (@1, @3)
where B is the beta function, and I .+ ) (@1, @;) is the incomplete beta function.

3. Analysis and Results

Maximum weekly confirmed cases and deaths were extracted from daily COVID-19 cases
and deaths in Irag from the 24th of February 2020 to the 1st of July 2022. Firstly, descriptive
statistics were presented for the resulting extreme value data. Thereafter, five probability
distributions were selected to model the data. These distributions are known to fit such
extreme-value data well. The selected distributions are the Dagum, Burr Type XIl,
generalized extreme value, generalized Pareto, and Pearson Type 6 distributions. Maximum
likelihood estimates for the parameters are obtained. The performance of these distributions is
ranked by three goodness-of-fit tests; the Kolmogorov-Smirnov, Anderson-Darling, and chi-
square tests. This is done using Easy-Fit software.

3.1 Analysis of Maximum Weekly COVID-19 Cases

Table 1 shows the summary statistics and percentile values for the resulting 123 maximum
weekly recorded cases. The variance or the standard deviation reveals high variability in the
data. The coefficient of variation is close to one since the value of the mean is nearly equal to
the value of the standard deviation. Furthermore, the data are positively skewed. A plot of the
COVID-19 maximum weekly cases is depicted in Figure 1. We notice that COVID-19
pandemic cases in Iraq have passed through four peaks during the period of the study, and a
fifth is proceeding.

Table 1: Descriptive statistics and percentile values of maximum weekl

No. of Ran Standard Coef. of stand Coef. of  Coef. of

Statistic  Week o g Mean  Variance Deviatio Variatio Error. Skewnes  Kurtosi
S n n S S

123 13051 32? . 9.2348E+6 3038.9 0.94856 274.01 1.0548 0.67545

Percenti . 25% 50%

0 0 0
le Min. 5% 10% Q1) Median 95%

Value 5 53.6 1184 625 2519 4938 8141.0 9117.2 13515
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Figure 1: COVID-19 number of the maximum weekly cases
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Fitting results are presented in Tables 2 and 3. Table 2 presents the maximum likelihood
estimates of the parameters of the five distributions. Table 3 presents the goodness of fit
results and the ranking of each model according to each test. It is obvious that the Dagum
distribution is the best-fitting distribution. The second best-fit model is the generalized Pareto
distribution. Both of these distributions are not rejected by the null hypothesis that the data
follow the assigned distribution according to the three goodness of fit tests. A PP plot for the
fitted Dagum model of maximum weekly COVID-19 cases is depicted in Figure 2. It sounds
like the Dagum model was adequate for fitting our extreme value data, especially for the
smallest and largest extremes.

Table 2: Maximum likelihood estimates

Distribution Parameters

Burr XII k = 647.87 a = 0.86332 8 = 5.3975E + 6
Dagum k = 0.09253 @ = 5.9727 B = 8589.6
Gen. Extreme Value k =0.122720 = 2101.7 p = 1702.4
Gen. Pareto k =—0.19677 0 = 4384.0 p = —429.39
Pearson 6 a, = 0.76637 a, = 1.1430F + 7 § = 4.6785E + 10

Table 3: Distribution ranking and goodness of fit test statistics

Kolmogorov Smirnov
Critical Value=0.12245
Distribution (0=0.05)

Anderson-Darling Critical
Value=2.5018 (¢=0.05)

Chi-Squared Critical
Value=12.592 (¢=0.05)

Statistic Reject? Rlim Statistic ~ Reject? Rlim Statistic ~ Reject? Rlim
Burr XII 0.0992 No 3 1.7068 No 4 15.254 Yes 4
LT[l 0.04658 No 1 0.35837 No 1 2.0209 No 1
Gen.
Extreme 0.10242 No 5 2.0958 No 5 14.706 Yes 3
Value
Gen. Pareto 0.09598 No 2 1.1292 No 2 4.6838 No
Pearson 6 0.10191 No 4 1.4654 No 3 15.792 Yes

P-P Plot
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Figure 2: A PP Plot for the best-fitted model of maximum weekly cases
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3.2 Analysis of Maximum Weekly COVID-19 Deaths

Table 4 shows the summary statistics and percentile values for the maximum weekly
confirmed deaths. The data are somehow less dispersed, with a lower coefficient of variation
and less positive skewness than that assigned in Table 1. Figure 3 depicts the maximum
number of weekly deaths during the study period. We can notice the high peak of deaths at
the beginning of the pandemic, followed by two lower peaks. The substantial reduction in the
number of deaths is due to the enforcement of taking the vaccine at the end of the study

period.

Table 4: Descriptive statistics and percentile values of maximum weekly deaths

No. of Standard  Coef. of Coef. of  Coef. of

variant ‘heviatio  Variatio  o'd"  Skewnes  Kurtosi
e Error

Statistic  Week Raeng Mean
S n n S S

123 122 36"102 97138 31167 086517 28102 079097 -0.31827

Percen . 25% 50% 75%

Min. 5% 10% 90% Max

tile ' (Ql) Median (Q3)
Value 0 1 2 8 31 55 84 93.6 122
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Figure 3: COVID-19 number of the maximum weekly deaths

The results of the maximum weekly number of deaths are shown in Tables 5 and 6. Table
5 shows the maximum likelihood estimates of the parameters. Table 6 shows the goodness of
fit results and the ranking of each distribution according to each test. It can be seen that the
generalized Pareto distribution has the highest rank according to the three goodness of fit
tests. However, this distribution is not rejected by the null hypothesis that the data fit the
assigned distribution.

Taking into account the peak value of 122 deaths, the peak over threshold approach seems
to work well for our extreme value data. A large number of studies indicate that it is the most
effective approach for fitting the extreme value data [21]. Figure 4 depicts a PP plot of the
fitted generalized Pareto model of maximum weekly COVID-19 deaths.
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Table 5: Maximum likelihood estimates

Distribution Parameters

Burr XII k =15281F +5a = 1.0412 8 = 3.5411E + 6
Dagum k =0.06037 a = 10.628 B = 97.396
Gen. Extreme Value k =0.06372 ¢ = 23.495 n = 20.889
Gen. Pareto k =-0.3016 ¢ = 51928 p = —3.8707
Pearson 6 a; = 1.0083 a, =5.5607E + 6 = 2.0202F + 8

Table 6: Distribution ranking and goodness of fit test statistics
Distribution Kolmogorov Smirnov Anderson-Darling Critical Chi-Squared Critical
Critical Value=0.12263 Value=2.5018 (¢=0.05) Value=12.592 (¢=0.05)

(0=0.05)

Statistic Reject? Ran Statistic Reject? Ran  Statistic Reject?

k k k

Burr XII 0.08535 No 2 5.4849 Yes 5 10.23 No 3

Dagum 0.09631 No 5 47737 Yes 3 8.7074 No 2

Gen. 0.08867 No 4 1.7638 No 2 13.589 Yes 4
Extreme

Value
Gen. Pareto 0.0745 No 1 0.87997 No 1 5.765 No 1
Pearson 6 0.08671 No 3 5.2586 Yes 4 14.636 Yes 5

P-P Plot

0 T T T T
0 0.2 0.4 0.6 0.8 1

P (Empirical)

Figure 4: A PP Plot for the best-fitted model of maximum weekly deaths

4. Conclusions

It was found that the Dagum model fits the maximum weekly COVID-19 cases quite well.
Further, it was also found that the generalized Pareto distribution is the best model for fitting
the maximum weekly COVID-19 deaths. Finally, we conclude that in dealing with extreme
events like the COVID-19 pandemic, working with extreme-value data was the right choice.
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