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Estimation of virtual water trade balance of agricultural products in
Hamadan province
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Abstract

The concept of virtual water has considerable potential to help improving water management,
especially in the agricultural sector. Therefore, virtual water analysis of basic products of the
agricultural sector can help us in policy-making and planning in the optimal use of water resources. In
this study, the amount of virtual water and its related indicators were determined using the basic
approach and then, based on the amount of production and demand of the province for agricultural
products, the amount of agricultural exchanges and the trade balance of virtual water in Hamadan
province in 2018 were estimated. The results showed that the trade flow of the studied products has a
volume equal to 924.7 million m3 of virtual water exports outside the province and 33.4 million m3 of
virtual water imports into the province. Based on this, the trade balance of virtual water was estimated
at 891.3 million m3. These results show that Hamedan province produces and exports water-intensive
products within the province. The positive and significant trade balance warns of the need to change
the cultivation pattern in the province due to the lack of water resources. According to the results of
the study, it is suggested that the area under cultivation of crops such as corn, beans and alfalfa with
high virtual water content be reduced and crops such as fodder corn and sugar beet, which require less
virtual water, be replaced.

Keywords: Virtual water trade, water productivity, water footprint, agricultural sector,
Hamadan province.
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Introduction

Virtual water refers to the hidden water content in each crop that is transferred from one region to
another through the trade of agricultural products. Virtual water trade has grown in recent years in the
world and in Iran. Due to the nature of the agricultural sector and the significant consumption of water
resources as an essential and irreplaceable input in agricultural products, agriculture is the largest
consumer of water resources in the world and the trade of agricultural products is the main virtual water
trade. Crops account for about 67% of the virtual water trade and livestock and industrial products for
23% and 10% of the world's virtual water exchanges, respectively. Therefore, paying attention to the
water content is important in determining the cultivation pattern, especially in low water areas. Some
researchers argue that global water use efficiency can be increased by importing products with high
virtual water content in water-scarce areas, and producing and exporting products with very low virtual
water content. Due to the importance of this issue in efficient management of water resources, in the
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present study, while calculating the amount of virtual water in horticultural and agricultural products of
Hamadan province, the trade balance of virtual water will be estimated as a valuable variable to orient
the cultivation pattern.

Materials and Methods

In the literature, there are two general approaches to calculating virtual water, input-output and basic
approach. In the basic approach, by analyzing the concept of virtual water and applying technical and
physical relations, as well as, in particular, physiological relations, relations for calculating virtual water
by product type are presented. In the present study, the technical-basic approach has been used for
virtual water analysis. Equation (1) is used to calculate the virtual water consumption of each
agricultural product:

1)

In the above relation, SWDij is the specific water demand of the 1st crop in the 1st region in terms
of cubic meters per ton, CWDij is the crop water requirement for the 1st crop in the 1st region in terms
of cubic meters per hectare and CYij is the yield of the 1st crop in the 1st region in terms of tons per
hectare. The commercial level of virtual water in the study area (TVWT) was calculated through
Equation (2):

)

Obviously, the result of the above equation may be positive, negative or zero, depending on the
conditions of the year under study.

Results

The results of calculating the amount of virtual water in the province show that on average in the
counties of this province and among crops, legumes (chickpeas, beans and lentils) have the highest and
in contrast to forage corn and sugar beet have the lowest volume of virtual water. Among horticulture
products, pistachio and almond have the highest, and grape, apple and nectarine have the lowest virtual
water content. The trade balance of virtual water of agricultural and horticultural products is equal to
507.17 and 384.14 million cubic meters, respectively, which in total of Hamedan province in 2019,
equivalent to 891.32 million cubic meters of virtual water in the form of agricultural products to other
provinces of the country. The highest net export of virtual water in the field of agricultural products is
through the export of wheat at the rate of about 188.35 million cubic meters and among horticultural
products through the export of walnut at the rate of 162.50 million cubic meters. Due to the high level
of virtual water content of legumes, these products are imported from outside the province to meet the
needs of the province, and the highest import of virtual water at the rate of 25.32 million cubic meters
is related to these products. The results of calculating water productivity (water yield) show that among
crops, lentil and forage corn have 0.42 and 10.75 kg/m3, respectively, have the highest and lowest water
productivity index and among horticultural products, pear With 3.57 and pistachio with 0.07 kg/m3,
they have the highest and lowest agricultural water productivity.

Discussion and Conclusion

The main purpose of this study is to investigate the trade balance of virtual water of agricultural
products in the crop and horticulture sub-sector of Hamadan province. Forage corn and sugar beet have
the lowest volume of virtual water. However, these two crops are ranked 7th and 5th, respectively, with
the highest level under cultivation. Therefore, it is necessary to change the cultivation pattern in order
to increase the cultivation level of crops with the lowest virtual water content. Considering the area
under cultivation of horticultural products, it seems that the horticultural pattern is suitable for water
yield conditions. Also, the results of calculating the trade balance of virtual water show that Hamedan
province is the net exporter of virtual water outside the province. The results of the study show that
climatic conditions, crop water requirements and crop yield affect the amount of virtual water content.
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