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Introduction

The boosting algorithm is a method to transform weak learning systems into
strong systems based on the combination of different results. In this paper,
mixture models with random effects are considered for small areas where the
errors follow the AR—GARC H model and The machine learning algorithms,
such as the boosting algorithm, have been proposed for variable selection.
Using simulated and tax liability data, the boosting algorithm’s performance
is studied and compared with classical variable selection methods, such as
the step-by-step method.

Material and Methods

One of the problems of small area estimation is producing reliable estimates
of the features of interest. It is assumed that the observed and auxiliary
values follow the linear regression model and that the sampling errors de-
pend on and follow the autoregressive model. However, in practice, there
are many situations in which the sampling errors are dependent and follow
the AR-GARCH model. The classical methods for variable selection, such
as the step-by-step method, sequentially delete or add explanatory variables
using some criterion. A problem with the step-by-step method is that some
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real explanatory variables with causal effects on the dependent variable may
not be statistically significant. In contrast, nuisance variables may be coin-
cidentally significant. Using some risk functions, the model-based boosting
algorithm is a tool to fit a statistical model while performing variable selec-
tion simultaneously. For the tax liability dataset, we proposed the mixed
model with random effects for small areas where sampling errors are depen-
dent. We followed the AR-GARCH model and selected variables based on
the boosting algorithm and step-by-step method.

Results and Discussion

For the tax liability dataset, the estimated intra-cluster correlation coeffi-
cient is 0.228. Although the fitted model based on the step-by-step method
has a lower MSFE, the fitted model based on the boosting algorithm has
a lower AIC. Since the p-value of the t-test, 0.9998, is greater than 0.05,
the mean of the series is not significantly different from zero. The p-value
of the Ljung-Box test for the time series is 0.0027. It shows a correlation
between the series values, which can be described by classical models such
as the autoregressive model. Also, the p-value of the Ljung-Box test for the
absolute time series, 0.0493, shows a correlation between the absolute time
series, which the volatility model can describe.

Conclusion

In this work, machine learning algorithms, such as the boosting algorithm, es-
timate and select variables in mixed models with random effects for small ar-
eas. The performance of the boosting algorithm and the step-by-step method
in variable selection were studied using simulated and tax liability data. The
results show that the boosting algorithm performs more appropriately in vari-
able selection in small areas. In some areas, the step-by-step method cannot
detect the true model.
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