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Introduction

Count time series arise naturally in many real-world applications, such as
weekly airline passenger counts, annual deaths from respiratory diseases,
and short-interval stock transaction volumes. They are especially common
in veterinary and biomedical research, where data such as the number of ani-
mals with malnutrition or skin lesions exhibit correlation and overdispersion.
To better model such data, a new discrete distribution, the Poisson-Komal,
is introduced. This distribution flexibly handles overdispersion and offers
favorable statistical properties for count modeling. Leveraging the Poisson-
Komal distribution, a novel INAR(1) (Integer-valued Autoregressive of order
1) model is developed using the binomial thinning operator, a foundational
technique established by McKenzie (1986) and Al-Osh and Alzaid (1987).
The resulting model maintains the interpretability of classical INAR pro-
cesses while accommodating complex dispersion patterns typical in empirical
count data. Its performance is evaluated on real veterinary datasets concern-
ing animal health indicators, with comparisons to existing models showing
improved fit and predictive accuracy. By integrating the Poisson-Komal dis-
tribution into the INAR framework, this approach enhances the ability to
analyze overdispersed, correlated count time series across diverse fields, in-
cluding epidemiology, finance, and veterinary science, offering practitioners
a more robust and adaptable modeling tool.

Material and Methods
This paper introduces a novel INAR(1) model based on the discrete Poisson—
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Komal distribution. Various parametric and non-parametric estimation meth-
ods, including conditional maximum likelihood (parametric) and Yule-Walker
(non-parametric), are examined. Moreover, several INAR(1) processes are
considered for modeling real-world count data on the number of animals af-
fected by malnutrition or skin lesions. Model fit quality is assessed using the
Akaike Information Criterion and the Bayesian Information Criterion.

Results and Discussion

The simulation comparison is conducted based on two criteria: bias and
mean squared error. Both measures perform well as the sample size in-
creases, with results confirming the superiority of the conditional maximum
likelihood estimation method in terms of mean squared error. To evaluate
estimator performance, 1,000 replications are carried out across various sam-
ple sizes. Furthermore, based on model fit criteria, it is concluded that the
INAR(1)-PK process is preferred over other INAR(1) models.

Conclusion

In this paper, a new first-order non-negative integer-valued autoregressive
model with innovations following the Poisson—Komal distribution, denoted
as INAR(1)-PK, is proposed for modeling overdispersed count time series.
To estimate the model parameters, two distinct estimation methods are in-
vestigated, and their performance is compared through simulation studies.
The proposed model is applied to two real-world datasets, and its results are
compared against six two- and three-parameter INAR(1) models. Empirical
findings indicate that the INAR(1)-PK model performs better in the pres-
ence of overdispersion and is therefore a more suitable choice for such data.

Keywords: Poisson-Komal distribution, INAR(1) process, Conditional Max-
imum Likelihood, binomial thinning operator, Yule-Walker estimate.1l
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