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Extended Abstract
Introduction

There is a crisis-causing gap between the
water supply capacity and the intensity of
demand in the world. In the last few
decades, technological development, oil
revenues, and government intervention in
the investment and management of water
resources have increased the ease of access
to this life-giving commodity and weakened
its valuable position in society. On the other
hand, in addition to the water crisis, due to
the energy crisis and the emission of
greenhouse gases caused by the excessive
consumption of fossil fuels, all efforts are
aimed at reducing energy consumption as
much as possible, and the agricultural
sector is no exception to this issue (2).
Improving the efficiency of energy
consumption of agricultural systems is one
of the key ways to reduce energy
consumption because it provides financial
savings, protection of fossil resources, and
reduction of air pollution (3).

In the operational area of the Water
Resources Department of Jam County, there
are two fields: Jam with an area of 130
square kilometers, and Riz with an area of
514 square kilometers. These two plains
have a reservoir deficit of 17 million cubic
meters and the underground water level
has dropped by an average of 1.5 meters in
each plain in the past years, so they will be
officially added to the list of prohibited
plains in the near future (7). Therefore, it is
necessary to investigate ways to get out of
this situation.

In the management of water resources,
there is a need to formulate a model to
optimize the production activities in the
region, so that in addition to improving the
existing conditions, resources and inputs
can be used in a more optimal way, which
will not be achieved only by expanding
modern irrigation systems at the level of
fields and gardens. Also, in the management
of water resources, less attention has been
paid to the issue of the environment
(reduction of greenhouse gas emissions) in
the real world, which makes solving water
problems a step further and more difficult
than other problems, and in this regard,
mathematical programming models can be
a suitable tool for choosing a cropping

pattern. It is appropriate that considering
the environment (reduction of greenhouse
gases and water consumption) in the
optimal farm program, the phased and
interval approach is suitable due to the
possibility of considering imprecise and
ambiguous data in the model parameters
and having more application and more
reliable results. . Therefore, according to the
stated content, the objectives of this study
are to evaluate the current state of the
cropping pattern in the farms of Jam county
according to the private (gross profit) and
social dimensions (reduction of greenhouse
gases and water consumption) and to
present the cropping pattern in the study
area with emphasis on environmental
consequences (water consumption and
greenhouse gas emissions).

Materials and Methods

Multi-objective linear programming is one
of the most used methods in fuzzy models.
In this study, three goals are important. The
first objective (Zem) is to maximize the gross
economic return, where ¢; is the cost per
hectare of cropping and p; is the selling
price of each hectare of model products (in
Tomans). The second (Zwa.) and third (Zca)
goals are to minimize the intake of
groundwater and to minimize the emission
of greenhouse gases in the proposed
cropping model.

The most important production
constraints that exist in the study area
include the area under cropping, labor,
fertilizers, poisons, capital, tractor machine
services, water restrictions, non-negativity
restrictions, product sales restrictions,
hired labor restrictions, and disc and plow
restrictions. , the limitation of the disk
before the cropping operation, and the
limitation of the harvest of products, which
are written in the experimental model of the
research, respectively.

The designed model is non-linear, which
is repeated due to the difficulty of solving
non-linear problems linearly with Excel
software and by designing the distance A
based on the work of Viramani et al. (20)
and solving the model until reaching a set of
justified answers.

The statistics and information of the
research were prepared by collecting
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questionnaires and face-to-face interviews
with farmers of Jam County. In order to
homogenize the users, the relationship
between the gross yield per hectare and the
size of the agricultural unit (cropped area)
was investigated. Then homogenization of
the sample operators was divided into two
groups smaller than 3 hectares and larger
than 3 hectares using SPSS software and T-
test.

Findings

The results of multi-objective fuzzy model
estimation in homogeneous groups larger
than 3 hectares and with A equal to 0.23, (Ar
equal to 0.25 and A; equal to 0.21) show
that the optimal cultivated area is equal to
3.06 hectares, which Tomatoes with 1.05
hectares and sales amount of 42.95 tons
have the highest and cucumbers with 0.10
hectares and sales amount of 1.54 tons have
the lowest cultivated area. According to the
optimal cropping pattern obtained from the
estimate, the amount of gross economic
return is equal to 151 million Tomans and
the amount of intake from underground
water and the emission of greenhouse gases
are calculated as 24,085 cubic meters and
18,505 kg of carbon dioxide, respectively.

Discussion

The wheat product with a cropped area
of 1.78 hectares has the largest amount of
cropped area, and without considering
watermelon, which is not cropped in
homogeneous groups larger than 3
hectares, the two crops of barley and
eggplant each with a cropped area of 0.42
hectares have the lowest amount of cropped
area in homogeneous groups is larger than
3 hectares. Also, the highest amount of
animal manure used in tomato cropping is
25,216 kg in the area under cropping of
1.28 hectares, and the lowest amount of
animal manure used in barley cropping is
3,696 kg in the area under cropping of 0.42
hectares. In the cropping of products such
as wheat, barley, onion, and eggplant,
fungicides and insecticides are not used in
barley cropping. The highest average
amount of carbon dioxide produced by the
irrigation pump is related to tomato
cropping with 3,694.89 kg in the cropped
area of 1.28 hectares and the lowest amount

is related to barley cropping with 718.91 kg
in the cropped area of 0.42 hectares, which
indicates that tomato The most and barley
have the lowest amount of irrigation hours,
while the gross yield of tomato at the price
of 3,000 Tomans per kilogram and the
production amount of 52,544 kg in the
cropped area of 1.28 hectares is more than
other crops and the gross yield of barley
according to the production amount is
1,613 kg. The -cultivated area is 0.42
hectares and the price per kilogram is 2,000
Tomans less than other products. Also,
according to the information related to the
current cropping pattern in this
homogeneous group, in general, the total
gross economic return is 186 million
Tomans, the total amount of groundwater
extraction is 37,013 cubic meters, and the
total amount of greenhouse gas emissions is
24,581 kg of carbon dioxide.

Conclusion

The present study has determined the
optimal cropping pattern by taking into
account the goals of maximum gross
economic return, minimum intake from
underground water, and minimum emission
of greenhouse gases. The results showed
that in the homogeneous group larger than
3 hectares, the cropping of crops such as
wheat, tomatoes, cucumbers, and onions
has decreased or zero compared to the
current cropping pattern, and the cropping
of crops such as barley and eggplant has
increased, and in this regard, due to
considering, simultaneously, with the three
goals, the amount of gross economic return
and the amount of intake from underground
water and greenhouse gas emissions
calculated compared to the current
cropping pattern have decreased by 19%,
35%, and 25%, respectively.
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