uu‘r/brﬁ

Journal of Statistical Sciences, Autumn and Winter, 2023
Vol. 17, No. 2, pp 371-388
DOLI: 10.52547/jss.17.2.08

(/
2) o
N STATISTICAL SOG'E

Flexible Closed Skew Normal Random Field to Analysis Skew Spatial
Data

Karimi, O. (2, Hosseini, F.
Department of Statistics, Semnan University, Semnan, Iran.

Corresponding author: F. Hosseini, fatemeh.hoseini@semnan.ac.ir

Received: 6/9/2023 Revised: 31/10/2023 Accepted and Published Online: 4/11/2023.

Introduction

There are different families of skew-normal distribution, and among them,
the closed skew-normal (CSN) distribution is of particular importance due
to its high flexibility. Recently, Marquez and Gonzalez (2022) introduced
a more flexible variant of the CSN distribution, denoted as the Flexible
CSN (FCSN) distribution. This FCSN distribution shares similarities with
skew distributions proposed by Mahmoudian (2018) and Hosseini and Karimi
(2021). However, it diverges in terms of spatial correlation structures and dis-
tribution parameters. In this paper, the features of the flexible skew spatial
random field are presented based on the FCSN distribution, and a spatial
model for the skew spatial data is implemented using it. Also, using the
profile likelihood function, the likelihood estimate of the parameters of the
proposed model is calculated. In addition, the determination of the spatial
correlation structure based on the empirical variogram in this random field
is investigated and evaluated through a simulation study and compared with
the stationary skew spatial random field of Karimi and Hosseini (2022).

Material and Methods

Suppose the set {Z(s);s € D C R? d € N} is a spatial random field. For any
finite number of spatial positions s1,...,8, € D, let Z,, = (Z(sl), e Z(sn))/,
X be an n X p matrix of auxiliary variables in spatial positions, 3 be a p
dimensional vector of regression coefficients, A be the skewness parameter,
o > 0 and (), be the spatial correlation matrix of the random vector Z,
with the components o;; = p(Z(s;), Z(s;5); ) and p(-,-;¢) is a valid spa-
tial correlation function with the spatial domain parameter ¢ > 0. If the
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joint distribution of Z,, be FSCSN,(X3,C,0,)), then {Z(s);s € D} is
an FCSN spatial random field.

Results and Discussion

Firstly, the effect of spatial correlation parameters ¢ and skewness parameter
on the structure of empirical variogram and diagnosis of spatial correlation
model is investigated. A simulation study was done in regular grids from the
FCSN random field for 50 datasets. The results show that by changing the
skewness, the empirical variogram correctly fits the real variogram model.
Changes in parameter A do not affect the empirical variogram, which was
not the case in the stationary skew spatial random field. Then, the likelihood
estimation of the parameters of FCSN is analyzed on 100 simulated datasets.
Generally, the likelihood results in the FCSN random field for two parame-
ters u and ¢ have good accuracy, but the estimation of ¢ and A parameters
are not accurate enough. By increasing the value of the spatial correlation
parameter ¢, the estimation of the parameters is affected, and their estima-
tion accuracy decreases.

Conclusion

In this paper, the flexible skew spatial random field based on FCSN distri-
bution and the stationary skew spatial random field were presented to model
skewed spatial data. The skewness parameter in this random field does not
affect the first and second moments of the field, and it was observed in the
simulation study that this parameter does not affect the fit of the variogram.
This case is not seen in the stationary skew spatial random field. The mean
parameter in the FCSN random field was not affected by the increase of the
spatial correlation parameter, even in low dimensions. In general, the max-
imization of the likelihood function in terms of the skewness parameter in
skew distributions has problems. As a suggestion, Bayesian and approximate
Bayesian methods can improve the parameter estimations.
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