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ABSTRACT

Achieving food and water security is one of the most important goals of policymakers in
different countries. Water scarcity in Iran could be one of the major food security
challenges in the future. For this purpose, climatic zoning was performed using the
Domarten method. After calculating the water requirement using CROPWAT software;
the amount of virtual water, water footprint, water productivity, volume of water
consumed by each crop in each zone and the optimal food gap in different climates were
calculated. According to the results; The per capita water footprint of the agricultural
sector in hyper-arid, desert arid, semi-arid, Mediterranean and humid climates and Iran is
1611.97, 1228.09, 665.83, 884.01, 600.21 and 998.20cubic meters, respectively. In
addition, the intensity of water consumption within the 5 climatic zones and Iran is 64.89,
88.03, 63.19, 41.01, 56.38 and 65.48 %, respectively. Net virtual water imports for each
zone show that desert arid and humid zones are exporters of virtual water and hyper-arid,
semi-arid and Mediterranean zones are importers of virtual water.

The results show a contradiction between the realization of water security and food
security in terms of quantity. The results showed that if the goal is to establish water
security; by increasing the net import of virtual water (in the case of high-consumption
products with low water efficiency), the intensity of pressure on domestic water resources
in each area could be reduced. But if the goal is self-sufficiency; If the current situation
does not change (crop composition in cropping pattern, yield and irrigation efficiency in
each zone), more pressure will be put on water resources. Therefore, in order to achieve
the goals of self-sufficiency and water security coefficients at the same time; It is
recommended to increase the yield, improve the irrigation efficiency, formulate a suitable
cultivation pattern and allocate water resources according to water productivity and its
yield in each zone.

Keywords: Food gap, Virtual water, Domarten method, Water Footprint, Penman
Monteith

Extended Abstract
Objectives

The water used in the production process of an agricultural product is called "virtual water"
in the product. Real water trade between water-rich and water-poor areas is generally impossible
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due to the large distances and costs involved, but but virtual water trade is realistic. For water-
scarce areas is important to achieve water security by importing water-intensive products
instead of producing all water-demanding products within the area. Water scarcity in Iran could
be one of the major food security challenges in the future. Virtual water trade between areas
could be used as an instrument to improve water use efficiency, to achieve water security in
water-poor areas.

Methods

The methods and indicators used in this paper are: The developed Domarten method,
Penman-Monteith method, Water scarcity index, water self-sufficiency index, net virtual water
import, virtual water value, water footprint index and use of standards provided by the Ministry
of Health for food security of each person.

Results

According to the results of climatic zoning developed by the Domarten method; Iran is
divided into 5 climatic zones: hyper-arid, desert arid, semi-arid, Mediterranean and humid. The
results of virtual water estimation showed that legumes, cotton, soybean and paddy products
have the highest water consumption in all 5 climates. Also in all climates, fodder corn, sugar
beet and potato have the lowest water consumption, respectively. The results of water footprint
showed that in the hyper-arid climate, the greatest impact of people on water resources is related
to alfalfa, wheat and barley, respectively. In desert arid climates, most water footprint are
related to wheat, sugarcane, and barley crops. In semi-arid climates, wheat, alfalfa and barley
crops have the highest water footprint. The greatest influence of people on water resources in
the Mediterranean climate is related to wheat, legumes and alfalfa. In humid climates, it is also
related to paddy, soybean and wheat. Water footprints in hyper-arid, desert arid, semi-arid,
Mediterranean and humid climates are 18313.61, 30812.84, 16208.36, 11910.27 and 4691.87
million cubic meters per year, respectively. Water self-sufficiency is 68.27, 100, 81.97, 88.90
and 100%, respectively. The net virtual water import of in 5 climates is 5810.70, -809.71,
2921.35, 1321.03 and -2645.76 million cubic meters, respectively.

Discussion

Examining the optimal food gap in wheat, rice, grains, potato and vegetables it was found
that hyper-arid to achieve food security of own population, need to provide a virtual water
deficit of 3.94 Billion cubic meters. According to the climatic conditions and average rainfall in
this zone, the import of virtual water is not a weakness for its. Therefore, to avoid pressure on
water resources within the hyper-arid zones, it is better to provide this virtual water deficit by
importing virtual water. Desert arid, Semi-arid, Mediterranean and humid climatic zones can
also store 1.22, 0.662, 3.38 and 3.99 billion cubic meters of water virtually, respectively, while
bringing their population to food security. According to the rainfall conditions in the country
and the high water consumption in the agricultural sector, to avoid further pressure on water
resources within the mentioned zones, the export of these amounts of virtual water is not
reasonable. Rather, according to the optimal nutritional needs of people in each climate zone,
the amount of virtual water needed for each product and water resources in each climate zone,
the cultivation pattern of the region should be changed. So by increasing the virtual water trade,
the intensity of pressure on water resources in different climates can be reduced. This is possible
by redistributing water between plants, changing cultivation patterns, and modifying the diet
based on food security goals in each climate zone.
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