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ABSTRACT

With the intensification of the water crisis in the world, it has become necessary to pay attention
to the concept of virtual water and water footprint in agricultural planning and policy-making,
especially in countries located in arid and semi-arid regions. The agricultural sector in Iran, as the
largest water consumer, will require serious attention to the concepts of virtual water and water
footprint. The aim of this study was to reduce the water footprint of optimal patterns under the
simultaneous goals of profit and risk compared to current cropping patterns. Also, consequences
for not implementing the optimal cropping model in terms of benefits and water footprints were
investigated. For this purpose, data of production cost, cultivated area and crops production of
Varamin region has been used for the crop year 2017-2018. Also, the research method in this study
was to estimate water footprint indices and goal programming models. The results of this study
showed that in the equilibrium patterns of profit and risk, the net profit of farmers will increase by
10.8% and at the same time, the water footprint will decrease by an average of 5.5%. In fact, the
footprint of blue, green and gray water in the current model of cultivation is equivalent to 52.45,
2.79 and 17.56 million cubic meters, respectively, and in the optimal model of profit and risk
balance, it is equivalent to 51.60, 2.24 and 96, respectively. It was estimated to be 14 million cubic
meters. Finally, the total water footprint in the two models was estimated to be 72.81 and 68.81
million cubic meters, respectively. Considering only 2% water consumption for the total need of
industry and mining and saving 5.5% in water footprint in the country, by implementing the
optimal model of profit and risk balance in the agricultural sector, in addition to earn more profit by
farmers, more water can be saved than the industry's need. This amount of savings can be done by
the government at no cost, and in fact, more benefits and less risk will encourage farmers to follow
this pattern.
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Extend Abstract
Objectives

Due to excessive water consumption, fresh water shortage poses a threat to human society. In
general, with the escalation of water crisis in different countries of the world, the issue of virtual
water in the trade planning and policy in agricultural products, especially in countries located in
arid and semi-arid regions, has become particularly important. The concept of water footprint (WF)
was proposed as a method for evaluating water use in production systems.

In the field of virtual water and water footprint, several studies try to analyze the current situation
in the country, but few studies can be found to analyze the simultaneous optimization of
agricultural profit and risk and water footprint analysis and compare the benefits of farmers and
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water footprint in the current and optimal pattern. This study was conducted with this main purpose
in Varamin region of Varamin plain.

Methods

Water footprint of crops is the sum of green, blue and grey water footprints. The intensity of
water footprint will be obtained by dividing the amount of water footprint per year by the amount
of crop yield, which will be equivalent to one cubic meter per ton. In order to estimate the optimal
model with multiple goals, goal programming models have been used. The objective function in
goal programming is to minimize the sum of unwanted deviations from the intended objectives.
Finally, after designing the above model, GAMS software package is used to estimate this model
and the optimal land cropping pattern will be determined by the optimal allocation of production
factors for crop cultivation. Finally, the water footprint in the current and optimal conditions (profit
and risk balance) are estimated and compared.

Results

The results showed that under goal programming conditions, the optimal area of irrigated wheat
and barley decreased by 10.1% and 40.2%, respectively and in contrast, alfalfa and maize increased
by 45.1% and 16.7%, respectively. The total crop area was reduced by 12.3%. Farmers' profit in the
goal programming model (with the goal of maximizing risk and minimizing risk) was 10.8 percent
higher than the current situation. Finally, in the current cropping pattern, a total of 72.8 million
cubic meters of water footprint was estimated, of which 72.04% was blue water, 3.84% was green
water and 24.12% was grey water.

Also, calculations of water footprint in the goal programming model of profit and risk balance
showed that the total water footprint in the optimal model is equal to 68.81 million cubic meters, of
which 75% is blue water, 3.26% is green water and 21.75% is grey water.

As a general conclusion from this section, in terms of risk along with gaining benefits, water
footprint in cropping patterns will be decreased. With the implementation of the profit and risk
balance model, the amount of blue, green and grey water will be decreased by 1.6, 19.8 and 14.8
percent, respectively. Finally the amount of water footprint has been reduced 5.5 percent compared
to the current model.

Discussion

The results showed that with the implementation of the equilibrium model of profit and risk in
Varamin region, in addition, nearly 11% of farmers' benefits will be increased, and finally 5.5% of
the total water footprint will be decreased.

Meanwhile, the total demand of industry and mining for the country's water consumption is only
2%. Therefore, if this model can be generalized in the country, by implementing a balance of profit
and risk model in the agricultural sector, in addition to earning more profit by farmers, more than
the industry needs for water consumption can be saved.

This amount of savings is without any policy or cost for the government and it is only necessary
to convince the farmers that the patterns of profit and risk balance will both increase the profit of
the farmers and reduce the market risk of the producers.

If there is no conflict with the benefits of the farmers, the implementation of these optimal models
will be guaranteed by the farmers.
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