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Extended Abstract

Introduction

As the population continues to grow, the significance of boosting food production becomes increasingly evident.
Consequently, it is imperative to find solutions to address water limitations and enhance food production in
regions facing water scarcity. In this context, it is proposed to implement strategies that involve expanding
cultivated areas and optimizing the utilization of available water resources, particularly in scenarios where
irrigation is restricted. To determine the amount of water consumed and to optimize its use, it is first necessary to
establish the relationship between the cropping pattern of each region and the water consumption in that region.
Essentially, the water consumption of each region and its cropping pattern should be evaluated based on the
volume of water required per unit of time for each hectare. Successful water engineering projects necessitate
precise estimation of plants’ water requirements across various regions. The goal is to maximize the efficiency of
water usage per unit volume to ensure optimal agricultural output. This study aims to explore fluctuations in the
water requirements and hydromodule of crops within different cultivation patterns in select regions of northwest
Iran in response to climatic variables.

Materials and Methods

The objective of this study is to evaluate the variations in plant water needs in cultivation patterns across
different regions in northwest Iran, taking into account climatic parameters. Initially, meteorological data from
stations in Tabriz, Kalibar, Parsabad, Germi, and Bukan were collected from the National Meteorological
Organization. Subsequently, utilizing CROPWAT 8.0 software, based on the FAO56 equation, factors such as
evapotranspiration of grass (used as a reference plant), solar radiation, and effective rainfall were determined for
the selected stations. Solar radiation and potential evapotranspiration values for the reference grass crop were
calculated using meteorological data (temperature, humidity, wind speed, and sunshine hours) in CROPWAT.
Effective rainfall was determined using total rainfall data and the FAO method. Soil data (medium-textured) and
crop information were input, with irrigation efficiency set at 60% and timing based on FAO-defined soil
moisture depletion. Allowable depletion coefficients and root depths were sourced from FAO tables.
Hydromodules were extracted monthly, with the highest value per year identified as the region's maximum
hydromodule. The hydromodule, representing water requirements, was then calculated monthly for the desired
cultivation patterns in the respective areas. Finally, employing the Weibull distribution transformation
coefficient, the irrigation hydromodule for various return periods was derived for the study region.

Results and Discussion

The results indicated that the average potential evapotranspiration of grass, serving as the reference plant, was
calculated as 4.12, 3.03, 2.86, 3.32, and 3.86 mm/day for the Tabriz, Kalibar, Parsabad, Germi, and Bukan
stations, respectively. Furthermore, the average irrigation hydromodule for these stations was determined as 0.73,
0.35, 0.6, 0.7, and 0.62 L s ha?, respectively. Utilizing the linear variation function, the average irrigation
hydromodule for return periods of 2, 5, 10, 25, 50, 100, and 200 years for the aforementioned stations was
obtained as 0.81, 0.55, 0.71, and 0.72 L s ha?, respectively. Similarly, using the exponential function, the
corresponding values were extracted as 0.82, 0.63, 0.72, 1.0, and 0.73 L s ha?, respectively. Specifically, for
the Tabriz, Kalibar, Parsabad, Germi, and Bukan stations, the irrigation hydromodule values with a return period
of two years, using the linear function, were calculated as 0.74, 0.44, 0.62, 0.82, and 0.67 L s hal, and with the
exponential function, they were determined as 0.74, 0.44, 0.62, 0.83, and 0.68 L s ha?, respectively.
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Additionally, for these stations, with a return period of 200 years, using the linear function, the calculated
irrigation hydromodule values were 0.85, 0.61, 0.76, 1.02, and 0.74 L s ha', while employing the exponential
function, they were determined as 0.86, 0.75, 0.77, 1.10, and 0.76 L s™* ha'!, respectively.

Conclusion

The irrigation hydromodule values in the Tabriz station increased by 0.851 L s ha?, which is equivalent to a
10.88 % increase compared to the average. Similarly, in the Kalibar, Parsabad, Germi, and Bukan stations, the
increases were 0.61, 0.76, 1.01, and 0.75 L s** ha, respectively, representing increments of 8.44, 13.17, 38.00,
19.70, and 7.78 % compared to the average. Utilizing the exponential function, when the return period was
adjusted from 2 years to 200 years and the probability of occurrence was reduced, the irrigation hydromodule
increased by 0.862 L s hain the Tabriz station, which corresponds to a 12.23 % increase relative to the
average. Similarly, in the Kalibar, Parsabad, Germi, and Bukan stations, the increases were 0.75, 0.78, 1.10, and
0.76 L s ha, respectively, representing rises of 30.50, 15.82, 27.04, and 9.04 % compared to the average.
Given the water scarcity in various regions of the country, it is recommended to use the minimum values of
functions (linear or exponential) to estimate the irrigation hydromodule for different return periods. Regarding
linear function changes, and considering that the irrigation hydromodule does not decrease significantly (~ 20%
on average) with an increase in the return period (up to 200 years), it is advisable to design and implement
storage facilities, transfer systems, and water distribution networks in the studied plains with a low probability of
occurrence (high return period). This approach minimizes the increase in costs and reduces risks during water
transfer and distribution operations.
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Figure 2- Changes in climatic parameters (temperature, relative humidity, wind speed, sunshine hours, total precipitation and
effective precipitation) in the investigated stations
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Figure 3- Variations in the parameters of solar radiation and evapotranspiration potential of the grass reference plant in the
investigated stations

CulS gl 5l 59,

-50 0 50 100 150 200 250 300

300
350
400

—— Sl ugh, sges ——TAW  ——RAW

P Cadd el CuiS (D S Cugby Ol pedi - IS
Figure 4- Changes in soil moisture in wheat cultivation in
Tabriz plain
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Figure 5- Temporal changes in the annual maximum hydromodule values in the studied stations
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Figure 6- Changes in hydromodule of irrigation per changes in Weibull transformation (W) for the investigated stations
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Figure 7- Map of maximum hydromodule changes in the studied stations
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Figure 8- Map of hydromodule changes with a return period of 2 to 200 years (linear function) in the studied stations
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Continued Figure 9- Map of hydromodule changes with a return period of 2 to 200 years (exponential function) in the studied stations
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