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ABSTRACT

Saffron, as the most expensive agricultural and medicinal product in the world, has a special place in
buying and selling related to the Iranian agricultural commodity bourse. The saffron commaodity bourse, like
any other market, has always faced limitations and structural problems, and most of these problems are
related to its price fluctuations. Price forecasting using appropriate models can be a great help in reducing the
price risk of futures market of saffron. The main question is that in in confronting with various price
forecasting methods, which methods should be chosen to forecast the future price of saffron? The purpose of
this study is to design the most appropriate hybrid model for forecasting the future price of Negin saffron in
the agricultural commodity bourse, which consists of a set of nonlinear models of genetic algorithm, deep
neural network, random forest, support vector machine and Monte Carlo method. In this hybrid model,
genetic algorithm is used to determine the optimal lag of price time series, deep neural network, random
forest model and support vector machine are used to forecast the price time series, and Monte Carlo method
is used to simulate the most probable price probability. The results of this study showed that the forecasting
accuracy of the hybrid model of "Genetic Algorithm-Deep Neural Network-Monte Carlo" is higher than the
two models of "Genetic Algorithm-Random Forest-Monte Carlo” and "Genetic Algorithm-Support Vector
Machine -Monte Carlo". Therefore, using a deep neural network and calculating the most probable price
probability by the Monte Carlo method, provide the most accurate saffron price prediction with a high degree
of reliability and minimal risk. Thus, it is suggested that that the management of the commodity bourse, stock
market participants and researchers can use the advantages of this proposed model in forecasting the price of
agricultural products.

Keywords: Saffron Price Forecasting, Hybrid Model, Genetic Algorithm, Deep Neural Network
and Monte Carlo Method

EXTENDED ABSTRACT
Introduction

Agricultural outputs from producer to consumer generally have to go through one or more links
in the value chain. Each part of the value chain increases the price of agricultural products Also,
uncertainty in the price of agricultural products increases the risks that against stakeholders in the
agricultural supply chain. Therefore, an accurate forecasting method is needed to forecast the price
of products in order to avoid many problems related to the demand and supply of agricultural
commodities. Buying and selling of saffron in the Iran’s agricultural commodity bourse is one of
the most prosperous trades in the field of spices and nuts. The commodity bourse of saffron, like
any other market, has always faced limitations and structural problems, and most of these problems
are related to its price fluctuations. Various governments have made great efforts to regulate the
market and the price determination of saffron for consumers and exporters, but due to the lack of
appropriate tools (such as price forecasting models), we have seen less efficiency in this area. Price
forecasting using appropriate models can be a great help to buyers to reduce the price risk of the
futures market of saffron. A review of the theoretical literature on crop price forecasting in this
study showed that no hybrid model for the forecasting of crops price has been proposed so far, in
which, a genetic algorithm for determining the optimal lags of price time series, deep neural
network and random forest algorithm and support vector machine have be used for price prediction
as well as the Monte Carlo method to simulate the most probable price probability. Therefore, the
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purpose of this study is to design a suitable model for forecasting the future price of saffron. This
proposed model is a hybrid model consisting of a set of nonlinear models of genetic algorithm,
deep neural network, random forest algorithm, support vector machine and Monte Carlo technique.

Materials and Methods

The proposed hybrid model in this study includes genetic algorithm, deep neural network,
random forest model, support vector machine and Monte Carlo method. The performance of the
proposed model is as follows: First, the genetic algorithm is used to determine the optimal lags of
the price time series. In the second step, the time series is trained using three models of deep neural
network, random forest and support vector machine based on the optimal lag number of the price
time series, as independent variables. It should be noted that this model has flexibility and instead
of any of the above three models, other smart models can be used. In the third step, the Monte
Carlo method is used to present the forecast value based on the most probable price probability. In
other words, the Monte Carlo method calculates a price with the highest level of confidence and the
lowest risk for the output of each of the deep neural network, random forest, and the support vector
machine. In the final step, with the help of error evaluation criteria, the best model for forecasting
the future price of saffron is determined. In this model, it is assumed that the best hybrid model for
predicting the future price of saffron is the "Genetic Algorithm-Deep Neural Network-Monte
Carlo" model. Also, the two models "Genetic Algorithm-Random Forest-Monte Carlo" and
"Genetic Algorithm-Support Vector Machine-Monte Carlo" are competing models for measuring
prediction accuracy. The data used in this study include 384 data from the daily maturity price of
futures contracts of Negin saffron in Iran Commodity bourse in the period of 21/04/2019 to
04/05/2020. The performance of the proposed model is used by software of MATLAB, Rapid
Miner, Clementine and Python.

Results

In this study, the genetic algorithm in the data mining software of Rapid Miner was used to find
the optimal lag number. The results showed that the optimal lag for the time series of future price
of Negin saffron is 2. Therefore, the future price of Negin saffron with two lags can affect its
forecasting process. Based on the Monte Carlo simulation, the future equilibrium price of Negin
saffron obtained from the simulation for the three selected models was very close to each other and
was calculated in the range of 104321 to 104728 Rials for per gram of Negin saffron. Calculating
and simulating the most probable price probability level by Monte Carlo method can be used as a
price reference in correcting the market price of saffron with the high degree of reliability and the
least amount of risk. The results of comparing the prediction accuracy of the three selected models
showed that the prediction accuracy of the hybrid model "Genetic Algorithm-Deep Neural
Network-Monte Carlo™ is higher than the two models of "Genetic Algorithm-Random Forest-
Monte Carlo™ and "Genetic Algorithm-Support Vector-Monte Carlo™.

Discussion

The findings of this study showed that so far no hybrid model has been proposed to forecast the
price of agricultural output in which genetic algorithm, deep neural network, random forest model,
support vector machine and Monte Carlo method have been used. The results of this study showed
that the use of deep neural network in comparison with the random forest model and support vector
machine, as well as calculating the most probable price probability by the Monte Carlo method,
increases the forecasting accuracy of the future price of saffron. In fact, the proposed model
provides the most forecast accurate for saffron price with a high degree of reliability and minimal
risk. The results of this study showed that the use of deep neural network in comparison with the
random forest model and support vector machine, as well as calculating the most probable price
probability using the Monte Carlo method, increases the accuracy of predicting the future price of
saffron. In fact, the proposed model provides the most accurate saffron price forecast with a high
degree of reliability and minimal risk. The present study has a very good position in achieving the
optimal lag number affecting on the price, maximum accuracy, calculation of the most probable
price probability with the least risk, so it is recommended that the management of the commodity
bourse, stock market participants and researchers can use the advantages of this proposed model in
forecasting the price of agricultural products.
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2. Update gate

3. Input gate or Output gate
4. Bootstrap
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