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Abstract

Statistical data modeling is one of the important topics that can be used to
provide a suitable model by using statistical distributions according to the
nature of the data. One of these statistical models for modeling time series
data is the ARFIMA model. Due to its structure, this model is widely used in
the analysis of economic, meteorological, geographic, oil and financial data.
This paper discusses time series models, including the ARFIMA model,
assuming that the error term is normally distributed. In using models for better
forecasting for the first time, while examining the behavior of long-term
models, the Bayesian approach and the use of appropriate prior distributions,
the model average and fractional difference are estimated by classical and
Bayesian methods. In the end, for the Iranian oil export data set, the goodness
of fit of the models with the Bayesian approach is compared using the RMSE,
Akaike information and Bayesian information criteria, and it is shown that the
prediction model based on the Bayesian approach performs better compared
to other models.

Introduction

Oil is one of the most valuable commaodities in the world, and any change in
its price can affect every level of economic ecosystems, from household
budgets to corporate revenues and even GDP. This chemical is the largest
contributor to the world's primary energy supply, followed by coal, gas,
renewable energy, and nuclear energy (Bhattacharya, 2019). Iran is currently
the third largest producer of crude oil in the world and is considered a global
power in the field of energy. A significant part of the country's income is
provided through the oil industry every year. In recent decades, the role of oil
in Iran's economy and politics has been the subject of extensive and vital
debates. In some of these discussions, the prevailing opinion is that oil has
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provided significant financial resources for consumption and investment in
Iran.

In the use of Bayesian estimation and Bayesian analysis articles on
ARFIMA models are presented by Cope, Lee, Oswaki, and Steele (1997) and
Jeffries and Ravishankar (1996, 1998). However, in presenting the Bayesian
estimation of the proposed distribution, the fractional difference parameter is
complicated by Nan-Jung-hsu and Bridett (2003).

In the ARFIMA model, the estimation of parameters is one of the important
discussions. For the first time, Lu (1991) attempted to estimate the fractional
difference parameter (d) in fractional white noise processes by improving the
R/S statistic presented by Hurst (1951). Another method in the frequency
domain was proposed by Qivik, Porter and Hudak (1983), which is known as
the GPH generator method. In the second part of the article, time series models
are presented. In the third part, the evaluation criteria of tests are discussed. In
the fourth part, the average parameters of the model and the fractional
difference are estimated with the Bayesian approach according to the
appropriate prior distributions; And in the fifth section, for oil export data, the
selection of the model is presented with the help of simulation, taking into
account the parameter estimation methods.

Methods and Material

In this section, while introducing time series models to identify the type of
model, R/S and GPH tests are discussed. In general, models AR(p), MA(q),
according to the distribution of the error sentence, are respectively equal to:

0(B)(1=B ) (X, —4)=0(B )z

In the use of time series models such as AR, ARMA and ARFIM, according
to the parameter estimation methods for time series data, it is very important
to recognize the model and the goodness of fit. Despite the fact that the
Bayesian approach is less used to estimate model parameters. In this article,
according to the prior distribution, the Bayesian estimation of the parameters
is presented. One of the methods for detecting the long-term memory model
in atime series is the use of the GPH test, which is based on a semi-parametric
method presented by Jevic and Potter (1983). In practice, after examining the
statistical test to evaluate the goodness of fit of the models from the criteria

RMSE = , A|C:2k—2|n(|‘) and

BIC :kln(n)—zln(f) are used. Meantime parameter estimation methods

play a fundamental role in parameter estimation and the goodness of fit of
models. In this article, for the goodness of fit of the model for oil export data,
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after estimating the relevant model parameters using classical and Bayesian
method, the best model is selected with the help of goodness of fit criteria.

Results and Discussion

In the use of parameter estimation methods, by considering the appropriate
prior distribution, Bayesian estimation of parameter the fractional difference
parameter is presented. According to the discussed time series data and the
use of the prior distribution without information, the fractional difference
parameter value is equal to 0.85. According to the basic information for
calculating the Bayesian estimation of the parameter the fractional difference,
the best estimate for d can be provided by changing the prior information and
the variance of the error term. Having the value of the fractional difference
parameter, it is possible to present the ARFIMA model for the real data using
a special algorithm.

Conclusion

By presenting a new method for calculating the fractional difference value of
data in an ARFIMA model using the positive step Bayesian method in order
to estimate the parameter of the fractional difference of the data, we have the
least error and the most accuracy in the simulation of the investigated time
series. A model was proposed for Iran's oil export data from 1980 to 2021, and
by using it and the new Bayesian method to calculate the differential power,
it was determined that in most cases, considering getting the appropriate prior
distribution for the fractional difference value can increase the accuracy of the
calculations. This can help researchers make better and more accurate
predictions.
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