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ty of Agriculture,

Introduction

Agriculture has always ina/ed
potential threats %t ca@upt

agriculture's highd Mency on climaty it particularly vulnerable to the adverse

reme temperatures, and unpredictable

Beyond environmental fact@¥s, agricultural activities are influenced by a host of political, social, and

economic risks. Environmental challenges, production limitations, legal constraints, financial
hardships, and marketing uncertainties all represent significant risk categories that can impact farming
operations. Natural disasters, such as floods, droughts, and storms, often lead to reduced productivity,
directly diminishing farmers’ incomes. Furthermore, health and well-being concerns for farmers add
another layer of risk, as labor-intensive farming activities require both physical resilience and long-
term health, which can be compromised by limited access to medical services and health risks

associated with exposure to pesticides and other chemicals.
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As the global population grows, demand for food continues to rise, but essential resources such as
arable land and water are finite. This increasing demand, coupled with limited resources, places
substantial pressure on farmers, who must navigate these compounding risks while striving to meet
production needs. These challenges underscore the need for effective risk management tools that can
support farmers in making informed decisions regarding crop selection, resource allocation, and
overall farm management strategies. One of the most versatile risk management tools available is the
cropping pattern, or the arrangement of crops within a given agricultural area over a specific time

period. Determining an optimal cropping pattern that considers risk factrs is crucial for enhancing

profitability and resilience in farming. Therefore, this study§aims to determime,the optimal cropping

pattern for farms in the Dehgolan Plain, located in Kurdistan Province, u risk-free and risk-

sensitive conditions. By focusing ommaximizing farmers' gross i acco for factors

such as water availability and market conditions, this r

recommendations for sustainable agricw

Materials and Methods

2014 to 2023. To establish an optimal

n constraints and resource limitations

foundation for this analysis. The LP model optimizes crop selection to maximize gross income while

adhering to constraints such as water availability, land area, and resource limitations specific to the
Dehgolan Plain. In additiop\to the LP model, nonlinear programming approaches, specifically
Quadratic Programming and the Minimization of Total Absolute Deviation (MOTAD) model, were
implemented to assess the cropping pattern under conditions of risk. These models allow for the
incorporation of income volatility and risk into decision-making, helping to capture the trade-offs
between risk and income potential. The Quadratic Programming model, which can handle non-linear
relationships, is suitable for cases where increasing returns or diminishing marginal gains are present.
Meanwhile, the MOTAD model assists in achieving minimum income variability, thus offering

farmers a more stable income flow in unpredictable economic and climatic conditions.
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Results and Discussion

The analysis revealed notable differences in the cropping patterns under risk and no-risk scenarios.
Under no-risk conditions, as optimized by the Linear Programming model, the cropping pattern
favored crops with higher gross incomes per hectare. This led to a significant reduction in the
cultivation of wheat, barley, and potatoes, as these crops did not yield the highest economic returns.
However, despite their relatively low profitability, wheat and barley remain essential for their lower

water requirements and the security provided by government-guaranteed purchase programs. As a

result, farmers may be reluctant to reduce the acreag‘f these crops to their inherent risk-

mitigation benefits. In the risk-sensitive scenario, mod hrough Programming and

MOTAD, a positive correlation was found between risk levels and . As farmers sought

i w her-income
erations, crop

crops. However, as income maximiza y risk c

a viable risk management

risk and expected income. For example, a

1,700,000 million tomans to 1,710,000

income of 1,780, tomans, the cropping pattern included high-value crops such as

cucumber, alfalfa, and“eanola, while reducing lower-value crops. Conversely, as the income
expectation decreased and\pisk levels were minimized to 1,060,285 million tomans, these higher-
income crops were scaled back, favoring more stable, government-backed crops like wheat, barley,
and potatoes. This shift suggests that farmers, when presented with risk-reducing incentives, may
gravitate toward crops with guaranteed purchase agreements and lower input costs, prioritizing
stability over potential profit. Both risk models underscore the importance of balancing income
maximization with risk minimization, as farmers seek to secure stable returns in an environment

where crop failures or price declines could have significant impacts on household livelihoods.

Conclusion



94
95
96
97
98
99
100
101
102
103
104

105

106

107

108

Risk is an inevitable aspect of agriculture, and the findings of this study suggest that risk-sensitive
models, such as MOTAD, enhance cropping pattern decision-making by incorporating income
variability. The results demonstrate that under high-risk scenarios, increasing the cultivation area of
crops like wheat aligns with government policies aimed at food security, as these crops provide a
stable, government-supported income stream. This study also recommends adopting multi-cropping
systems and crop rotation as effective strategies for reducing income variability and enhancing
resilience. By diversifying cropping patterns, farmers can manage risk more effectively and

contribute to the long-term sustainability of agricultural systems in regiogs like the Dehgolan Plain,

re studies could build

where climate, market, and resource limitations impose u challenges.

climate projections

agric“l regions.
\\ w

el, MOTAD model.
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Table 1- The cultivated area of each product in the current model and the optimal model of Linear Programming

Product Current status (ha) Optimum status (ha) amount of changes (ha)
paS
7000 0 -7000
wheat
z 1100 0 -1100
barley
Sk
710 9493.82 8784
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) e 4260 0 \\
potato
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Alfalfa
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