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Abstract

Agriculture has always been considered as an important factor in the
development of human civilization and today this sector is one of the most
important economic sectors and the largest consumer of water in Iran and
the world. Irregular extraction of groundwater by this sector has caused a
water shortage crisis in most parts of Iran. Therefore, the country's water
resources need to be planned and managed in order to be sustainable. One
way is to determine the optimal cropping pattern by considering the
quantity and quality of water. Therefore, in this study, using game theory,
the optimal cropping pattern has been determined by considering the
footprint index and water quality in Bardsir city. For this purpose, five
major crops of this city have been considered and the necessary statistics
and information have been collected from the Meteorological
Organization, the Regional Water Administration and the Agricultural
Jihad Organization of Kerman province and Bardsir city for the years
2005-2017. The results showed that wheat, barley, alfalfa, potato and
fodder corn had the highest water footprint, respectively. In the optimal
cropping pattern obtained from game theory compared to the current
cropping pattern; the area under cultivation of wheat, barley and potato
decreased by 4%, 7% and 12%, respectively, and the area under
cultivation of alfalfa and fodder corn increased by 4% and 25%,
respectively. The optimal cropping pattern obtained from game theory is
recommended for this city, because in this pattern, in addition to economic
benefits, attention has been paid to the quantity and quality of water so
that water resources do not face a crisis.
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1.  Introduction

Agriculture is one of the most important economic sectors and the largest consumer of water in Iran.
Due to the limited basic production resources such as water, the allocation of these
resources is of great importance. In order to prevent the loss of groundwater and surface
water resources, as well as to increase the economic prosperity of farmers, it is necessary
to implement policies based on the pattern of cultivation and conservation of water
resources (Gafarzadeh et al., 2017). Therefore, in this study, using game theory, the optimal
cropping pattern has been determined by considering the footprint index and water quality in Bardsir
city.

2. Materials and Methods

In order to determine the optimal cultivation pattern, water footprint was first calculated.
The blue water footprint is the volume of freshwater that evaporated from the global blue
water resources (surface water and ground water) to produce the goods and services

consumed by the individual or community (Hoekstra, 2009).
ET.-Pe)x10
WEpjue= % (1)
Where WFBlue is the Blue water footprint (mB/ton)v ETc is the evapotranspiration of each

plant (mm), Pe is total rainfall effective during the growth period of each plant (mm), Y is

yield of each product (ton/h ») and 10 unit conversion factors from mm to m’ /h 5 (Shokoohi

et al., 2016).
The green water footprint is the volume of water evaporated from the global green water
resources (rainwater stored in the soil as soil moisture) (Hoekstra, 2009).

P.x10
WFgreen= Y (2)

Where WFGreen is green water footprint (m3/ton) (Shokoohi et al., 2016).

The gray water footprint is the volume of polluted water that associates with the
production of all goods and services for the individual or community. The latter is
calculated as the volume of water that is required to dilute pollutants to such an extent

that the quality of the water remains above agreed water quality standards (Hoekstra,
2009).
a xNAR

1
WEGray= g —c.~ * ¥ 3)

_CNat
Where WFGray is the gray water footprint (m3/t0n), a percentage loss of nitrogen fertilizers (%), NAR

is rate of fertilizer use per plant (kg/ha), CMax is critical nitrogen concentration (kg/m3) and CNat is

the actual nitrogen concentration in the recipient water sources (kg/m3) (Shokoohi et al., 2016).

The concept of white water trail is a new concept that determines the rate of irrigation water losses in

production specifies the products (Shokoohi et al., 2016).
_ 10X(Di~(ETc-Pe))

WFEwhite=——~——— (4)
In this regard, WFWhite is white water footprint(ms/ton) and Dt is the depth of irrigation water for
each plant during the growing season (Shokoohi et al., 2016).

Now using Piper, Wilcox and Schuler diagrams were evaluated and the type and water
class of the area were determined.

Finally, using game theory, the optimal crop pattern for the region was determined, the
used model is as follows:

Max M ()
S.t:
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M: Worst possible (unknown) outcome of farm income, Xj: The level of an activity or
amount of production, cj: The share of each activity unit j in the objective function, aij:
The required amount of source of type i to produce a unit of activity j and bj: The amount
of inventory of each available resource (Hazel and Norton, 1986).

3. Results

In this study, first the water footprint for major irrigation crops in Bardsir city during the
period 2005-2017 was calculated. The results showed that wheat, barley, alfalfa, potato and fodder
corn had the highest water footprint, respectively. Then the water quality of the area was
determined, which can be seen in the diagram below.

In the recommended optimal cropping pattern using game theory, wheat 4%, barley 7%, and potato
12% decrease and alfalfa 4% and fodder corn 25% increase compared to the current cropping pattern.
The results of game theory showed that by 2% reduction in expected profits causes the
greatest reduction in risk from nature. The optimal cropping pattern obtained from game theory
in this city is recommended because it reduces the amount of damage caused by nature and minimizes
the possibility of the worst damage.
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Figure (1): Bardsir water resources piper diagram
Source: Research Findings

4.  Discussion and Conclusion

In the determined optimal cultivation pattern, the cultivated area of fodder corn has increased, which
has the lowest amount of water footprint, and due to its high resistance to water quality, barley is the
only product that is cultivated in water with poor quality.

- Farmers should cultivate barley in areas where water is of low quality.

- According to the availability of resources and limitations, it is recommended that the farmers of the
region, who have good water quality, increase the area under cultivation of fodder corn and reduce the
area under cultivation of potatoes.
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Determining the Optimal Cropping Pattern with Footprint and Quality
Water Approach (Case Study: Bardsir City)

Samira Sistanit, Mohammad Reza Zare Mehrjardi?, Nasreen Sayari?, Somayeh Amirtaimoori*

Abstract

Agriculture has always been considered as an important factor in the development of human civilization
and today this sector is one of the most important economic sectors and the largest consumer of water
in Iran and the world. Irregular extraction of groundwater by this sector has caused a water shortage
crisis in most parts of Iran. Therefore, the country's water resources need to be planned and managed in
order to be sustainable. One way is to determine the optimal cropping pattern by considering the quantity
and quality of water. Therefore, in this study, using game theory, the optimal cropping pattern has been
determined by considering the footprint index and water quality in Bardsir city. For this purpose, five
major crops of this city have been considered and the necessary statistics and information have been
collected from the Meteorological Organization, the Regional Water Administration and the
Agricultural Jihad Organization of Kerman province and Bardsir city for the years 2005-2017. The
results showed that wheat, barley, alfalfa, potato and fodder corn had the highest water footprint,
respectively. In the optimal cropping pattern obtained from game theory compared to the current
cropping pattern; the area under cultivation of wheat, barley and potato decreased by 4%, 7% and 12%,
respectively, and the area under cultivation of alfalfa and fodder corn increased by 4% and 25%,
respectively. The optimal cropping pattern obtained from game theory is recommended for this city,
because in this pattern, in addition to economic benefits, attention has been paid to the quantity and
quality of water so that water resources do not face a crisis.
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