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Introduction

In real-life phenomena, we often encounter discrete data sets, such as the
number of cancer cells, the number of rainy days, the volume of stocks,
etc. Also, statistical inference based on correlated count data is frequently
performed in biomedical studies, for example, the count of cancer cells, the
number of patients with contagious diseases, and the number of successful
trials. So, introducing a convenient model for counting time series is felt
nowadays. The literature on integer-valued time series models has been in-
troduced based on the Binomial thinning operator and its generalizations.
As pioneers of the Integer-valued Autoregressive (INAR) models, we can
cite McKenzie (1986) and Al-Osh and Alzaid (1987). This paper proposes
a new flexible discrete Exponential-Weibull Distribution (DEW) and a new
INAR(1) model based on the DEW innovations. This new DEW distribu-
tion provides several appealing statistical properties in terms of handling all
forms of dispersion, skewness, and kurtosis. This subsequently allows for the
modeling of count time series observations. In this context, the INAR(1)
process is developed with Binomial thinning operators. The efficiency and
superiority of the process in fitting counts data of deaths due to COVID-19
disease are compared with other competing models.

Material and Methods

This paper is concentrated on the new discrete distribution and its corre-
sponding INAR(1) model. Several parametric and non-parametric estima-
tion approaches are considered, including the conditional maximum likeli-
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hood (parametric), conditional least squares (non-parametric), and Yule-
Walker (non-parametric) estimation methods. Several INAR(1) processes
are considered to fitting the COVID-19 data sets. The goodness of fit mea-
sures consists of the Akaike information criterion (AIC), Bayesian informa-
tion criterion (BIC), consistent Akaike information criterion (CAIC), and
Hanna-Quinn (HQIC).

Results and Discussion

The simulation comparison is conducted concerning the mean square errors
(MSE), which shows the superiority of the conditional maximum likelihood
estimation method. Due to evaluating the performance of estimators in terms
of MSE, 100 iterations are considered for different sample sizes. Based on
the goodness of fit measures, it is concluded that the DEW-INAR(1) process
is preferred among other INAR(1) processes.

Conclusion

The main focus of the manuscript is to introduce the discrete version of
the Exponential-Weibull distribution and the modeling of its corresponding
integer-valued autoregressive process. The flexibility and comprehensiveness
of the discrete Exponential-Weibull distribution in fitting different types of
count data is deduced by examining the statistical characteristics. Also,
parameter estimation methods and Monte Carlo simulation studies are pre-
sented. According to the simulation results, the conditional maximum like-
lihood parametric estimation method performs better than non-parametric
approaches. Using the data of COVID-19, the efficiency of the new process
is confirmed in comparison with the classical INAR(1) models.

Keywords: INAR(1) process, Discrete Exponential-Weibull, Dispersion in-
dex, Heavy-tailed.
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