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Introduction

The spatial regression model is essential in scientific fields such as Geology,
Biology, Agriculture, etc. The first studies on this matter supposed data
have Gaussian distribution. However, some spatial data in the application
do not have Gaussian distribution. In other words, these data are skewed
and have heavier tails from the Gaussian distribution. Some works have used
skew and heavy tail distributions in spatial regression. For instance, Karimi
and Mohammadzadeh (2012) used a spatial regression model with the closed
skew-normal random field (RF) for skew data. Saber et al. (2021) used an
extended version of the multivariate generalized asymmetric Laplace (GAL)
distribution to define EGAL RF. They applied this RF to a spatial autore-
gressive and moving average (SARMA) regression model of order one and
provided Beysian estimates of the model parameters.

Material and Methods

In this paper, we use the RF defined by Saber et al. (2021) for a SARMA re-
gression model of order two. Using the Kolbeck-Leibler divergence criterion,
we estimate the parameters by maximum likelihood and maximum spacing
methods. Based on Kolmogorov’s existence theorem, some skew multivariate
distributions used for defining an RF have a consistency problem. Saber et
al. (2019) proved that EGAL distribution has no consistency problem so
that a valid RF can be determined based on this distribution. To compare
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our model with other alternative skew models, we use the Extended Skew
t-student (EST) distribution to distribute innovations in the SARMA model.
This distribution has a consistency problem when defining a valid RF. There-
fore, we cannot define a valid RF based on multivariate EST distribution.
However, to obtain accurate results by considering this RF, we apply our
recommended model to this RF.

Results and Discussion

A simulation study demonstrates the efficiency of the recommended model
based on EGAL RF. The bias and mean square error (MSE) values in pa-
rameter estimation for EGAL RF are low. Also, bias and MSE for EST
RF have been computed, and both criteria are more significant than their
corresponding values in EGAL RF. This shows that the EGAL model has
exacter estimations than the EST model. An actual data set of 743 data
in Kaftar Lake, located in Eghlid city of Fars, has been analyzed. The pre-
diction of magnesium metal in this lake using observation is made using the
recommended model in this paper.

Conclusion

The simulation results showed that the EGAL model was more accurate than
the Gaussian and EST models. An actual data set that had an EGAL dis-
tribution was also investigated. The goodness-of-fit tests for Gaussian and
EST assumptions were rejected for this data. Although the proposed model
is of the second order, it is only related to the data in the left and bottom
part of the data. The study of this model using all the data located in a fixed
place up to the second order can be more flexible and usable for more data.
Although such a model has many parameters involving a more significant
number of observations, it can be the subject of future studies.

Keywords: Multivariate generalized skew-Laplace distribution, Autoregres-
sive spatial regression and moving average, Kulbeck-Leibler criterion.
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