Statistical Methodology 31 (2016) 8-19

Contents lists available at ScienceDirect

Statistical Methodology

journal homepage: www.elsevier.com/locate/stamet

A new skew integer valued time series process @CmssMark

Marcelo Bourguignon **, Klaus L.P. Vasconcellos”

2 Universidade Federal do Rio Grande do Norte, Departamento de Estatistica, Lagoa Nova, 59078-970,
Natal, RN, Brazil

b Universidade Federal de Pernambuco, Departamento de Estatistica, Cidade Universitdria, 50740-540,
Recife, PE, Brazil

ARTICLE INFO ABSTRACT
Article history: In this paper, we introduce a stationary first-order integer-valued
Received 11 January 2015 autoregressive process with geometric-Poisson marginals. The

Received in revised form

4 May 2015

Accepted 9 January 2016
Available online 20 January 2016

new process allows negative values for the series. Several
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1. Introduction

Integer-valued times series with supportin Z = {...,—-2,—1,0,1,2,...} are very frequent
in practice. The need for modeling and analyzing counting data (negative and positive) occurs in
many fields of real life such as medicine [11], image analysis [8], sports applications [12], financial
applications [2] and so on.

Models for time series defined on the set Z of integers have been discussed by various researchers.
Kim and Park [13] introduced an integer-valued autoregressive (INAR) process of order p with signed
binomial thinning operator. Zhang et al. [23] introduced pth-order integer valued autoregressive pro-
cesses with a signed generalized power series thinning operator. Kachour and Truquet [9] introduced
a more general class, based on a modified version of the generalized thinning operator, also called
the signed thinning operator. Kachour and Yao [10] proposed the first-order rounded integer-valued
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autoregressive process, based on the rounding operator. Some of these models arise as the difference
between two discrete distributions. For example, Freeland [6] defined the true integer-valued autore-
gressive process of order one as the difference of two Poisson INAR(1) processes [1] which requires
observing the two processes. Recently, Barreto-Souza and Bourguignon [4] introduced a stationary
AR(1) process on Z with skew discrete Laplace marginals (which are distributed as a difference be-
tween two geometric random variables); this model is named skew INAR(1) process on Z.

In a similar manner, we introduce a stationary first-order integer-valued autoregressive process
with geometric-Poisson marginals (which are distributed as a difference between geometric and
Poisson random variables), named new skew INAR(1) process (NSINAR(1)). Additionally, we will
provide a comprehensive account of the mathematical properties of the proposed new process. The
motivation for such a process arises from its potential in modeling and analyzing integer valued time
series for which the non-negative part presents greater overdispersion than the negative part. The
price change data can satisfying this interesting condition (see Section 5). In this context, it is plausible
to consider the difference between two distinct processes, one with greater overdispersion for the
positive part (which we will model as geometric) and another with lower variability for the negative
part (which we will model as Poisson). The new process can be used very well for modeling the change
in price of a commodity, stock or other financial product.

The rest of the paper unfolds as follows. In Section 2, the NSINAR(1) process is introduced. In
Section 3, some of its properties are outlined. Estimation methods for the model parameters are
proposed, while numerical results from Monte Carlo simulation experiments are presented and
discussed in Section 4. An application to a real data set is addressed in Section 5. Finally, in Section 6,
we offer some concluding remarks.

2. NSINAR(1) process

Let N, Z and R denote the set of non-negative integers, integers and real numbers, respectively.
All random variables will be defined on the same probability space. In this section, we introduce a
stationary first-order integer-valued autoregressive process with geometric-Poisson marginals. With
this aim, we first review the new geometric first-order integer-valued autoregressive (NGINAR(1))
process by Risti¢ et al. [17] and the Poisson INAR(1) process by Al-Osh and Alzaid [1].

The NGINAR(1) process is defined such that

Xe=axXi1+¢€, teZ,
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where “x” denotes the negative binomial thinning operator [17]. This operator is defined by o * X =
d s .

Zfﬂ W;, where the symbol “=" means “has the same distribution as” and {W;}{, is a sequence

of independent and identically distributed (i.i.d.) random variables, independent lof X, following a
geometric distribution with mean o € [0, 1). Also, {€:}:cz is a sequence of i.i.d. random variables
independent of {W;}°,, with €; and X;_, being independent for all I > 1 and distributed such that
{Xt}tez is a stationary process having geometric marginals with probability function assuming the
form Pr(X; = x) = u*/(1 4+ w)**!, for all non-negative integers x, where . > 0.

Risti¢ et al. [ 17] proved that the probability mass function of ¢, is given by
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with the condition « < w/(1 + p) being necessary to guarantee that all probabilities in (1) are
non-negative. The distribution of the random variable ¢, is therefore a mixture of two independent
geometric distributions with means u and «. For more details about the NGINAR(1) process,
see [17,3,14,15].

The Poisson INAR(1) process introduced by Al-Osh and Alzaid [ 1] is defined on the discrete support
N of nonnegative integers by means of the difference equation

Pr(Gt = I) = <] —
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