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: Introduction: Due to the negative effects of agricultural production activities on the
. environment, especially water and soil pollution, one of the most important decisions in the
: agricultural sector is the optimal allocation of resources. This decision should be in such a way
: that while maximizing the profit of farmers, it will result in less environmental effects. This
- A action is often done by determining the optimal cropping pattern (CP). In this research, by
the article online : quantifying the economic, social and environmental effects, a compatible CP with agricultural
: resources was presented by using a multi-objective planning model.
: Materials and Methods: The social effects of different agricultural crops were calculated using
various indicators such as social solidarity, social security, participation and quality of life
. through interviews with farmers. The environmental effects and economic efficiency of the CP
. were also considered through the concept of life cycle assessment (LCA) and gross margin per
i ha, respectively. Further, by calculating socio-economic and environmental indicators, the
¢ optimal CP was formulated by developing a multi-objective function based on maximizing
: profit, reducing water and fertilizer consumption, reducing negative environmental effects of
production and improving social indicators. In order to solve the multiple programming model,
: the method of weighted LP-metric model was used. The information required in this study
included information on the production pattern, consumption of inputs, price and yeild of major
. agricultural crops of Sari County.

217 . Findings: The results showed that considering the social indicators, the least attention of the
farmers was related to corn and onion, and the five priority crops were identified as wheat,
¢ cotton, lentils, rice and canola, respectively. The results of LCA showed that the cultivation of

Keywords: ¢ tobacco, canola and corn in this city have the most negative environmental effects. In the

Life Cycle Assessment,
Cultivation Pattern,
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Sustainability

: optimal CP by combining economic, social and environmental goals, alfalfa, cotton and corn
: were removed from the stydy area, and the cultivated area of cucumber and clover showed
¢ positive changes compared to the current pattern. Also, the cultivated area of the cereal
decreaseed in the areaChanges in the cultivated area of barley were predicted more than wheat
and rice. The total cultivated area reduced by 15%, resulting in 12.91% and 14.46% reduction
in water and fertilizer consumption, respectively. In addition, the efficiency of the program in
the studied area decreased by 12.97%.
Conclusion: The development of environmental goals in the implementation of CP programs
requires that policymakers consider appropriate economic incentives for farmers. Therefore,
policy makers should find suitable solutions to make the farmers to follow the proposed CP.
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Extended Abstract

Introduction:

The agricultural sector plays an essential role in
developing countries economic growth and
development (19). The agricultural sector is always
more closely related to the environment than other
economic sectors. The adverse effects of using
chemical inputs on the one hand and the need to
provide food security, on the other hand, caused
serious attention to the issue of sustainability.
Allocation of production factors between different
agricultural activities in terms of socio-economic
and environmental considerations can help to
achieve agricultural sustainability. In general,
concerns about the effect of the agricultural system
on the environment in the world increased. Due to
the excessive use of fertilizers and chemical poisons
and exploitation of water resources, excessive
pressure was placed on the environment (13).

Crop optimization has received extensive attention
in recent years and mathematical models have been
developed to determine the optimal use of the
available resources for maximizing the net benefits
subjected to some constraints (20). In this study, an
attempt was made to determine the optimal cropping
pattern (CP) in Sari County, Mazandaran province
of Iran, where managing CP is seriously challenging
due to periodic drought. Unlike previous studies,
this study tried to pay attention to social
considerations along with  economic and
environmental considerations in modeling. It is
hoped that this research will contribute to a deeper
understanding of determining CP in this region.

Materials and Methods
As mentioned, there are several goals pursued by
users as well as policymakers, which of course are
not necessarily in line with each other. Therefore, a
multi-objective approach should be used for
planning and decision making. In general, multi-
objective optimization problems can be defined as
the following equations (19):
Minimize: f(X) (1)

Subject to: g;(X)<0 i =12..m (2)

h(X)=0 j=12..,1 3)
X SX <X

inf =

Where, f (x )= f ,,f, ..f, ' :X »>R¥ isavector of

the value of the objective function that is minimized.
X is the vector of decision variables in the decision

space Rk. X, ¢ and X qup the lower and upper limits
are the decision variables. g, (X) is the i-th unequal
constraint and h, (X) is the j-th equal constraint
between the constraints.

Some researchers have tried to present and classify
different methods for solving multi-objective
planning problems with different considerations.
12) and then 21
suggested non-preferred methods, a priori-methods,
posteriori-methods, and interactive methods,
depending on how decision-making preferences
were expressed. In the first method, decision maker
preferences are not considered in the modeling
process. The problem can be solved in a simple way
and the resulting solution is presented to the decision
maker who can accept or reject it. In a priori
methods, the expectations and opinions of the
decision maker are considered before the solution
process. This method requires the decision maker to
be aware of the priority of each goal of the set of
goals in the problem of combined optimization. In
posterior methods, no preference is taken from the
decision maker. After producing the Pareto set, the
decision maker selects a solution from the set of
possible answers. Finally, in interactive preferential
methods, decision-making preferences are used
continuously throughout the process, and as the
process continues, these preferences are adjusted to
goals (26).
One of the most comprehensive indicators for
assessing the environmental sustainability of
cropping systems is the concept of life cycle
assessment (LCA) based on the ISO 14040 standard.
LCA is a comprehensive methodology that seeks to
quantify the potential environmental impacts related
to both inputs and outputs of a given product or
service along its life cycle (24). LCA studies the
environmental aspects and potential impacts
throughout a product's life cycle (i.e. cradle-to-
grave) from raw materials acquisition through
production, use and disposal.

Findings

The results show the reduction of the area under
cultivation of crops in order to achieve economic,
environmental and social goals. By changing the CP
towards the suggested pattern for different regions
of this county, an average decrease of 12.97% in
profit is predicted. But this change is an effective
step in controlling the consumption of water,
chemical fertilizers and chemical poisons. The
optimal CP, emphasizing on  economic
considerations, can reduce the consumption of water
and chemical fertilizers despite the increase in
farmers' profit. The greatest reduction in the
consumption of water, fertilizer and chemical
pesticides was shown in the proposed CP with
environmental  considerations.  Under  these
conditions, with a decrease of 15.52% in the area of
cultivated crops, the amount of water consumption
in the agricultural sector was associated with a
decrease of -13.95%. The cost of saving water
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consumption in the investigated area is a 12.97
percent reduction in the planned efficiency. It seems
that in order to compensate the loss resulting from
the change of CP, it should be compensated through
investment in off-farm employment.

The amount of change in planned yield as a result of
the proposed CP with social considerations will be
equal to 9.70%. The reduction of the cultivated area
in this model led to a 13.8% decrease in the amount
of agricultural water demand, a 2.62% decrease in
the use of chemical fertilizers, and a 10.95%
decrease in the use of chemical pesticides. Finally,
the suggested CP under the conditions of combining
economic, social and environmental goals was such
that it can help to save 12.91% of water
consumption. Meanwhile, the rate of change in the
program yield in the study area was associated with
a decrease of 12.97%.

Discussion

Considering the expected negative effects of the
reduction of the cultivated area in the region and
its effects on the production and income of
farmers, the development of non-agricultural
activities and small conversion industries in the
villages in order to compensate for the damages
caused by possible variability can be effective.
The reduction of the rice cultivated area in the
proposed model indicates that crops with high
profit can create significant environmental
effects. Therefore, only paying attention to the
economic goals in the design of the CP
increases the consumption of pesticides and
chemical fertilizers. In the optimal model with
the integration of goals, more cultivated area
was allocated to cucumber, due to its good
profitability, than the basic model. Also, the
area under cultivation of tomatoes and potatoes
experienced low changes. In the cereals group,
the cultivated area of wheat and barley
decreased compared to the current pattern.

However, changes in the area under wheat
cultivation evaluated more than barley.
Comparison of gross yield and consumption of
inputs for these two crops indicates that
although the gross yield of wheat is higher than
that of barley, the consumption of water and
chemical fertilizer inputs of barley is
significantly lower than that of wheat.
However, these two crops are considered
important from the view point of the cultivated
area. In general, the results showed that corn,
cotton, and alfalfa are out of the suggested CP
and most of the studied crops will experience a
decrease in the cultivated area. It seems that the
performance and profit of high input systems
were not able to compensate the environmental
effects on the quality of the ecosystem.

Conclusion
Planning crop production is a very important
issue from economically and resource

management viewpoints, because a farmer
allocates his limited resources to activities with
the highest economic return rate. The purpose
of this study was to present a CP with the
approach of sustainable agricultural
development using environmental, social and
economic sustainability indicators. The results
showed that the current CP, although has some
social and economic advantages, is not
environmentally sustainable. In other words,
farmers generally pay attention to short-term
economic benefits, which results in depriving
them of opportunities for permanent and
sustainable exploitation.
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