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ABSTRACT

Determination of the cropping pattern and optimal combination of crops by diversification of
cultivation, as an approach to reduce income risk given the economic issues and resources. Income
risk as combination of price and performance risks is one of the most important risks for farmers.
In this study optimal cropping pattern of crops was determined to reduce income risk by applying
risk and return measures in Gorgan County in 2018. For this purpose, the diversification-consistent
DEA model based on directional-distance criterion was used. The results showed that 0.05 and 11
percent decreases, respectively, in the risk measures of the coefficient of variation and conditional
value at risk. Also, a 24 percent increase of the expected profit measure in the optimal cropping
pattern compared to the current pattern. Furthermore, the share of more profitable crops such as
medium and long rice grain with high quality and rapeseed increased in the optimal cropping
pattern and share of crops such as wheat and potatoes decreased. Due to the 60 percent share of
medium and long rice grain with high quality in the optimal pattern, it is recommended to use tools
such as income insurance and compensating for the development of rice cultivation in the region.
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Extensive Abstract
Objectives

The existence of uncontrollable factors as well as the changing environment of agricultural
activities, create numerous risk that influence their managerial decisions in each crop period.
Income risk as combination of price and performance risk is one of the most important risks for
farmers. Cropping pattern is one of the most flexible risk management tools and study about
determining optimal cropping pattern due to decrease of income risk is important. Therefore, this
study was determined optimal cropping pattern of crops to reduce income risk in Gorgan County in
2018 and for this purpose, the diversification-consistent DEA model based on directional-distance
measures was used.

Methods

This study was used the diversification-consistent DEA model based on directional-distance
criterion. Data Envelopment Analysis method (DEA), which is one of the nonparametric methods
for determining and measuring efficiency, enables to calculate the technical efficiency of different
decision making with multiple inputs and outputs. The diversification-consistent DEA model
determines the optimal composition and weight of assets in a portfolio. The directional distance is
one of the methods used when negative data exists is based on the directional distance function and
can be used for positive and negative data without violating the assumption that the variables are
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positive in the DEA model. This study we used this method to investigate and determine optimal
cropping pattern for agricultural crops. Expected profit index was used as criteria of return and
Conditional Value at Risk (CVaR) and Coefficient of Variation (CV) as risk criterias. In order to
investigate the effect of income risk, yield, price and production cost in calculating CVaR, it is
considered randomly and for this purpose, historical data of these factors are used as scenarios.
Another criterion of risk used in this study is the coefficient of variation that measures variability
over the expected or average value and provides a better criterion of the variance than the mean.
These criterias are calculated endogenously in estimating the optimal pattern. The 12 common
crops in the study area were selected as crops.

The required data and information were collected from the Agriculture Bank and the production
cost of the Ministry of Agriculture Jihad and the Agricultural Jihad Organization of Golestan
Province during the period of 2017-2018. The data about the crop pattern and crop users was
prepared from the production cost gquestionnaires of Gorgan Agricultural Organization in 2017.
Other data for this research was obtained from the Iranian Statistical Center database and Water
Company of Golestan Province and GAMS software was used to estimate and estimate the optimal
cropping pattern.

Results

In order to estimate the optimal cropping pattern, distance vectors for each of the risk and return
criteria were calculated in the model. Therefore, the criterias were optimized according to the
limitations of the cropping pattern and the direction vector was estimated by calculating the
criterion distance in the current cropping pattern. The optimal value due to the limitations of the
cropping pattern is 24923 Rials. Its difference with the expected profit of current crop pattern is
7084 Rials. The calculated directional vector for the CV and the CVaR are 0.11, 1361.2,
respectively. It should be noted that the negative values of the CVaR criterion indicate the
profitability of the models. Estimation results of optimum crop pattern in Gorgan County indicated
that the optimal cropping pattern is crops such as wheat, long rice grain and medium rice grain with
high-quality, rapeseed and potatoes. The highest and lowest cultivation lands were for long rice
grain and potato, respectively.

Discussion

According to the optimal cropping pattern, the expected profit pattern will increase by 24 percent
and will increase from 17839 Rials in the current pattern to 22128 Rials in the optimal pattern.
Comparing the CV and CVaR shows a lower risk of the optimal pattern than the current one. The
CV decreased from 0.53 in the current pattern to 0.51 in the optimal pattern that indicate lower risk
of optimal cropping pattern. Also comparing the CVaR criterion in the two models showed that
with the negative criterion, the minimum possible profitability in the optimal pattern increases by
11 percent over the current pattern. As a result, the optimal model is preferred to the optimal model
both in terms of risk reduction and increased profitability.
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