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Introduction

Applying shrinkage estimators in hierarchical models has garnered signifi-
cant interest in statistical practice, with seminal contributions dating back
to James and Stein (1961). Various methodologies, including the moment
method, maximum likelihood method, and unbiased risk method, have been
proposed for parameter estimation. Along with homoscedastic, heteroscedas-
tic hierarchical models have been explored, with the latter gaining attention
among statisticians, Xie et al. (2012, 2016). Despite advancements, a key
challenge remains the normality assumption validity for the second level of
the hierarchical models. This paper introduces semi-parametric hierarchical
models and employs the Restricted Joint Empirical Likelihood method to ex-
amine the impact of distribution dispersion at the second level. We demon-
strate the superiority of shrinkage estimates derived from the restricted joint
empirical likelihood method through simulation studies, particularly in sce-
narios with outlier data and heavy-tailed distributions.

Material and Methods

The paper outlines the definition of semi-parametric heteroscedastic hierar-

chical models X; | 6; ~ N(6;, A;), 0; ~ mux(0;), i =1,...,n. The structure
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and introduces the Restricted Joint Empirical Likelihood method for esti-

mating hyper-parameters. A simulation study is conducted to evaluate the

of shrinkage estimations within these models éZS =
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performance of the Restricted Joint Empirical Likelihood Lg(p, \) in hyper-
parametric estimation compared to existing methods for the following four
scenarios in the presence of outliers
), 0; ~ Laplace(j, 2X).
i), i ~U(p— V3, 1+ V3A).
i), 0i~N(20,)),i=1,...,[{5], and 6; ~ N(u, ),

i= [l +1,...,n,

Results and Discussion

Simulation results indicate that the shrinkage estimation obtained from the
restricted joint empirical likelihood method outperforms existing methods,
such as the moment method and Stein’s unbiased risk estimator, particu-
larly in the presence of outlier data. The method’s non-parametric nature
enhances its applicability to diverse real-world datasets.

Conclusion

This study introduces semi-parametric heteroscedastic hierarchical models
and proposes the Restricted Joint Empirical Likelihood method, for obtain-
ing shrinkage estimators in such models. Simulation studies demonstrate
this method’s superior performance, highlighting its effectiveness in analyz-
ing semi-parametric heterogeneity hierarchical models. Moreover, applying
this approach to real data analysis, exemplified by the Iran Airlines Flight
Delay dataset, underscores its practical relevance and usefulness.

Keywords: Moment Estimator, Stein’s Unbiased Risk Estimator, Estimating
Equations, Empirical Maximum Likelihood Estimator.
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