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Introduction

Spatial regression models analyze quantitative spatial responses based on
linear and non-linear relationships with explanatory variables. Usually, the
spatial correlation of responses is modeled with a Gaussian random field.
However, in practice, we encounter skewed responses, which are analyzed us-
ing skew-normal distributions. Closed skew-normal (CSN) distribution is one
of the extended families of skew-normal distribution, which has similar prop-
erties to normal distribution. Karimi and Mohammadzadeh (2012) presented
a Bayesian analysis for the skew spatial regression model based on realizing
a closed skew Gaussian random field. Tan et al. (2013) applied Bayesian
methods for generalized linear models in contrast to hierarchical Bayesian
methods, which perform well for complex models. This article presents a
hierarchical Bayesian analysis based on a flexible subclass of CSN distribu-
tions. Due to the time-consuming calculations of Monte Carlo methods in
hierarchical Bayes analysis, the variational Bayes approach approximates the
posterior distribution. The proposed model is then implemented and ana-
lyzed on Iran’s real earthquake data.

Material and Methods

Due to the complexity of the likelihood function, Hierarchical Bayes ap-
proaches are used to fit the parameters of the skew spatial regression model,
and the variational Bayes method is also used to approximate the posterior
distribution. The goal is to find a variational distribution as ¢(n), approx-
imating the posterior distribution of 7(n|y) by minimizing the probability
distance between variational and posterior distributions.
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Results and Discussion

The skew spatial regression model was used to provide a prediction map of
the magnitude of earthquakes in all parts of Iran to observe the most danger-
ous parts of the country. The earthquake’s magnitude was considered as the
response variable for each location, and the earthquakes’ depth, longitude,
and latitude were considered explanatory variables. Then, the variational
Bayes method and the proposed estimation methods were implemented on
the data. Parameters of Gaussian and skew models were estimated and
compared using the variational Bayes method. According to the Bayesian
credible intervals at the %95 level, the earthquakes’ longitude and latitude
were insignificant. However, the depth of the earthquakes significantly af-
fected the magnitude of the earthquakes in the last fifteen years because the
%95 interval estimate does not include zero.

Conclusion

This paper presented a skew regression model based on a flexible subset of the
CSN distribution for modeling skewed spatial data. The variational Bayes
method was a suitable alternative to Monte Carlo because of its high calcula-
tion speed. In a simulation study, the proposed spatial regression model was
evaluated. The simulation results for 100 data sets in different spatial do-
mains showed that the proposed model with the variational Bayesian method
performed well. Furthermore, the variational Bayes method demonstrated
a 3 to 4 times faster calculation speed on average compared to MCMC al-
gorithms. Finally, the proposed model was applied to real earthquake data
from the last 15 years in Iran, and the Gaussian spatial regression model was
also fitted to the data for comparison. The cross-validation results clearly
indicated the superior performance of the proposed model. This comparison
serves to highlight the effectiveness and potential of the proposed model in
the context of the Gaussian spatial regression model.

Keywords: Hierarchical Bayesian approach, Optimal variational distribu-
tion, Variogram, Spatial data.
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