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Figure (2): The framework of the making process of the proposed hybrid model for
forecasting the future price of pistachios
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Figure (3) Ranking model of variables (characteristics of a data set): (a) the
architecture of operator and selector network, (b) the synchronization and updating
cycle of variables
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Table 2 Characteristics of the daily maturity data of pistachio futures contracts in the
review period
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Shapiro Kolmogorov Maximum  Minimum o oo Lo Average Number
normality test normality test of data

0.932 0.131 2207000 824236 393777 1412824 654
Source: The research findings iz slaasdl ae
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Table 3 Test results of daily maturity critical values of pistachio futures contracts in
the period under review
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Figure (6) The time series of the future price of pistachio and components
analyzed by Dabshiz wavelet 2 with optimal level 3
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Figure (7) Performance graph of hybrid models WT-ANN, WT-RF and WT-XGBoost

for pistachio future price
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Table (4) Comparing the performance of the hybrid model ""WT-AE-XGBoost" with
other machine learning models using goodness of fit indices

MRE MAE RMSE e Jow
1.27 17631 26435 WT-AE-XGBoost
1.27 17847 26647 WT-AE-RF
1.54 19135 28431 WT-AE-ANN

Source: The research findings Gz Lol e
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Table (5) Estimation of the new price using the selected hybrid "WT-AE-XGBoost"
for the price of pistachios (Rials per kg)
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Percentage Actual price values Forecasted price values b)) e o
difference (Rials) outside tk?e sample N:\‘,J\, gzice data Futre date
(Rials) scenarios (Rials)
% 0.29 2152314 2146050 2150000 1400/09/24
% 0.67 2152314 2137818 2155000 1400/09/25
% 0.67 2152314 2137818 2160000 1400/09/26
% 0.67 2152314 2137818 2170000 1400/09/27
% 0.67 2152314 2137818 2207000 1400/09/28
% 0.67 2152314 2137818 2210000 1400/09/29

% 2.01 2152314 2109154 2116000 1400/09/30
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Table (5) Estimation of the new price using the selected hybrid ""WT-AE-XGBoost™
for the price of pistachios (Rials per kg)
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Extended Abstract

Introduction

The price issue is a key factor in the financial and commercial activity related
to the agricultural sector, in such a way that the agricultural sector activists
are always exposed to the risks caused by the fluctuation of the price of
agricultural products. Therefore, it is important and necessary to pay attention
to the effective and unpredictable factors of the price of agricultural products
in developing agricultural plans. The agricultural commodity exchange, like
other markets, is always associated with price fluctuations, so it is necessary
to use predictive models to recognize the initial events and prevent damage
caused by these fluctuations The theoretical literature on price forecasting
shows that data mining techniques, especially machine learning models, play
an important role in increasing accurate price forecasting of agricultural
products. Meanwhile, XGBoost models are known as one of the best
supervised learning algorithms. Because it is very popular among researchers
as one of the most serious price prediction models due to the high speed of
the model in forecasting, high flexibility, passing of missing data and ease of
interpretation.

Pistachio is one of the most important export products of Iran in the
agricultural sector. Considering the important position of the pistachio trading
ring in the Iran Commodity and also the need to use appropriate tools to
correctly diagnosis the future price, The purpose of this study is to design and
build a suitable hybrid model based on XGBoost and compare its
performance with other machine learning models in order to accurately
forecast the future price of pistachio.

Materials and Methods

The proposed hybrid model in this study, i.e. Wavelet-XGBoost, includes the

steps of "data preparation", "data feature engineering", "the training and
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testing of model", "best model selection (Basic model)" Using comparative
indicators, and "prediction of new prices". In this study, 75% of the data were
used for the training and validation stages and 25% of the data were used for
the testing stage. In the stage of building the proposed model, different
models are first compared with each other using comparison indices and the
best model structure is selected (determining the optimal parameters of the
model through the calibration process). In fact, the performance of the
Wavelet-XGBoost hybrid model in predicting the future price of pistachios
is compared with the two hybrid models Wavelet- Artificial Neural Network
and Wavelet-Random Forest. In this study, software’s of Matlab, Rapid
Miner and Scikit learn were used to build the proposed hybrid model.
Results and discussion

The data used in this study is the time series of the daily price of pistachio
futures on the Iran Commodity Exchange in the period from 10/13/2019 to
12/14/2021 in Rials per kilogram. The results of applying the wavelet theory
showed that the error value of price data was reduced and the data had a stable
trend (white noise). Also, the results of the Performance of Auto-Encoder
network and the Genetic algorithm showed that the optimal lag of one is the
best input variable for forecasting the future price of pistachios in the period
under review. Based on goodness of fit indices, the proposed model of this
study, Wavelet-XGBoost in comparing to other data mining models, had a
better performance in forecasting the future price of pistachios. Also, out-of-
sample forecasting with the selected model showed that the forecasted new
prices have little difference with the real data, which indicates the efficiency
and accuracy of the selected hybrid model.

Suggestion

According to the obtained results, it is strongly recommended to use the
proposed model based on XGBoost algorithm to forecast the price of other
agricultural products.

JEL Classification: Q1, Q17, D49, N50
Keywords: Forecasting, The future price of pistachio, Machine learning and
Random forest model.



