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the cultivation area; the second and third scenarios were based on minimum cultivation
area, the first 5-year program for main crops with and without vegetables, respectively; the
fourth and fifth scenarios were based on minimum cultivation area, the first 10-year
program for main crops with and without vegetables respectively, and the sixth scenario
was based on maximum income considering the limited resources. The results showed that

Keywords: the most value of economic productivity parameter is related to the fourth, fifth, sixth,
Productivity, yield, used second, third, and first scenarios, respectively. Based on the results of the optimized model
water, cropping pattern and fourth scenario, the cultivation area of wheat and barley was reduced for all the cities

of Yazd province, also keeping the cultivation area of pomegranate, increasing the
cultivation area of pistachio was proposed. Additionally, the model based on the fourth
scenario suggested increasing the saffron cultivation area for all cities of Yazd province.

1. Introduction

With an arid and semi-arid climate, low precipitation, and high evapotranspiration, Yazd province faces a
sever water crisis for agricultural activities. Therefore, cropping pattern design is necessary to use the current
capacities and provide some of the regional and national food requirements. According to the previous
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studies about renewable surface and underground water per capita and water tension in Yazd province, the
presentation of the proper crop pattern based on the limitations in each region is necessary. Limitations for
determining the cropping pattern include climate restrictions, soil characteristics, and available water
limitations considering economic and strategic issues in agriculture. In this study, an optimization model for
cropping pattern was presented. Using this model and considering the water need for each crop, production
costs, crop yield, income, and available water resources, the most proper cropping pattern of agricultural and

horticultural productions was presented for each city of Yazd province.

2. Materials and Methods

In this study crop water need was estimated based on evapotranspiration in each city of Yazd province using
the FAO Penman- Monteith equation. Also, irrigation water requirement was computed using crop water
need and effective precipitation in each region. A linear planning model was introduced to present the
cropping pattern, simulate the current situation and evaluate and investigate the feasibility of crop pattern
variations. This model includes technical and economical sections. The most crucial input data in the
technical part of the presented model is monthly available water. In the first step, the model optimization
was conducted based on current conditions, dominant crop products in each city, crop yield, and used volume
of water. Then the optimized and initial values were compared. The selected crops were based on technical
and economical coefficients of objective functions and limitations of each crop. The investigated scenarios
were, scenario 1 which, was based on maximum income and reducing the cultivation area to maximum 50%
of the current cultivation area; scenarios 2 and 3 were based on minimum cultivation area and the first 5-
year program for main crops and main crops without vegetables respectively, scenarios 4 and 5 that were
based on minimum cultivation area and the first 10-year program for main crops and main crops without
vegetables respectively, and scenario 6 that was based on maximum income considering the limited
resources.

3.  Results

According to the results of this study, the income was increased by 43.24%, 32.66%, 31.87%, 78.1%, 77.2%
and 86% for the first, second, third, fourth, fifth, and sixth scenarios, respectively. However, the water use
decreased from 7800m?/hr to 7300m?3/hr, 6800m3/hr, 6800m3/hr, 5800m3/hr, 6000m3/hr and 8000m3/hr for
the first, second, third, fourth, fifth, and sixth scenarios, respectively. Agricultural crop production increased
for scenarios 2, 3, 4, and 5 and decreased for scenarios 1 and 6. Alfalfa production decreased for all scenarios.
Wheat production was decreased for scenarios 1, 2, and 3, omitted for scenario 6, and kept the same for
scenarios 4 and 5. Production of horticultural crops increased for scenarios 4 and 5. The most variations in
horticultural crop production were for Ardakan, Khatam, Taft, Abarkooh and Mehriz cities. The results
showed that the most value of economic productivity parameter (the ratio of net income to used water) is
related to the fourth, fifth, sixth, second, third, and first scenarios, respectively. Based on the results of this
study, keeping the cultivation area of pomegranates and increasing the cultivation area of pistachios are
proposed in Yazd province. Also, increasing the cultivation area of saffron is proposed for all the regions of
Yazd province.

4. Discussion and Conclusion

Based on the results of this study, the estimated used water for the second, third, fourth and fifth scenarios,
was 6800, 6800, 5800 and 6000 méhr, respectively. According to the used water for current cultivation
pattern (7800 cubic meters per hectare) the reduction of used water per hectare for the fourth and fifth
scenarios was higher as compared to the second and third scenarios. For the second and third scenarios, the
area under horticultural and agricultural crops was decreased, but for the fourth and fifth scenarios, the area
under agricultural crops was decreased and the area under horticultural crops was increased. By calculating
the economic productivity (the ratio of net income to used water) the highest value of economic productivity
was related to the fourth, fifth, sixth, second, third and the first scenarios, respectively.
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