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Introduction

There are various methods to enhance water productivity, including the utilization of management
tools such as water pricing policies. However, the lack of proper pricing of agricultural water and the
absence of real water prices for beneficiaries have resulted in water being considered a low-value
commodity that beneficiaries use without proper consideration or management (Kazem Attar et al.,
2020). The widening gap between water supply and demand in the future highlights the need for serious
attention to the fundamentals of economic planning of water resources and its optimal allocation, along
with proper management of water resources. In Qazvin plain, the agricultural sector bears a significant
burden of job creation, and many people rely on it for their livelihoods. Effective water resources
management should not only meet the long-term needs of stakeholders but also preserve groundwater
resources. However, it is important to consider whether farmers in all regions can afford to pay the
actual price of water, and if the cropping pattern of different regions should affect water pricing.
Therefore, the aim of this study was to determine the real price of water by calculating its cost and
evaluating farmers' income with the current water cultivation and distribution patterns in case of water
supply at actual prices. The study also investigated the impact of two optimization models, including
A- optimization of cropping pattern and B- simultaneous optimization of cropping pattern and water
distribution on farmers' income when the water supply is at the actual price in the Qazvin plain
irrigation network. Finding answers to these questions is a critical step in achieving economic
efficiency in water consumption within the framework of integrated water resources management.

Materials and Methods
Calculate the cost of water

The study employed the engineering economy approach to calculate the cost of each cubic meter
of water. This approach considers all capital costs, operation and maintenance expenses of facilities,
and other relevant costs throughout the entire lifespan of the project. By creating a cash flow table of
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costs, the total cost of water is calculated using this method of engineering economics (Tahamipour
Zarandi and Yazdani, 2016).
Yield function

To estimate the quantity of product produced based on the volume of water consumed, the water-
production relationship presented by Rao et al. (Rao et al., 1988) was employed. According to equation
(1), the yield function of crops during various growth periods has a linear correlation with the volume
of water consumed.

Ya AET,

Ym = LLIL- Ky - 5] (1)

where Ya is the actual yield in tons per hectare, Ym is the potential yield in tons per hectare, Kyi is
the coefficient of sensitivity of the crop to water deficit during the i-th growth period, AETi is the
amount of water given to the plant (evaporation or actual transpiration) during the i-th growth period
in cubic meters, PETi is the water requirement of the plant (potential evapotranspiration) during the i-
th growth period in cubic meters, and n is the number of growth periods for each plant.

Productivity

There are different types and numbers of productivity indicators depending on different
perspectives. In this study, the financial index of water efficiency was used, which is in line with the
main objective. This index is the ratio of net income per unit of water volume, also known as Net
Benefit Per Drop.

Results and Discussion

The estimated price of each cubic meter of water using economic and engineering relations was
8,595 rials. In the current situation (water supply at the price of 940 Rials), the Qazvin Plain irrigation
network's income is approximately 89 billion Tomans. However, if each cubic meter of water is
supplied at the price of 8,595 Rials, the current model of water cultivation and distribution not only
fails to generate income for farmers but also causes them harm. Through the optimization of
the cultivation pattern, the income of the Qazvin Plain irrigation network can increase to about 101
billion Tomans. Simultaneously optimizing the cultivation pattern and water distribution can lead to
an income of approximately 233 billion Tomans. The Net Benefit Per Drop (NPBD) increases by an
average of 40% by optimizing the cultivation pattern and by an average of 389.6% by simultaneously
optimizing the cultivation and water distribution pattern compared to the current situation where each
cubic meter of water is supplied at 940 Rials. However, in the case of supplying each cubic meter of
water at the price of 8,595 Rials and not changing the cultivation and water distribution pattern, the
average NPBD will decrease by 289.4% compared to the current situation. By optimizing the
cultivation pattern, it is found that with the increase in water price and decrease in gross profit, the
model tends to cultivate crops that have higher yield and less sensitivity to water stress. According to
this, sugar beet and potato are the most suitable crops for cultivation in the Qazvin Plain irrigation
network. Although other crops, such as wheat and barley, have low sensitivity to water stress, their
low yield and subsequent decline in the irrigation network's income make them less desirable for
cultivation.

Result

The price of water is one of the important economic variables that can play a significant role in the
optimal use of water resources in the agricultural sector. By implementing water pricing policies,
the final cost of production increases, and it becomes essential to select a crop combination that yields
higher benefits per unit of water. This study focuses on estimating the total cost of each cubic meter of
water using engineering-economic relationships and its impact on the economy of farmers under
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two optimization models: optimizing the cropping pattern and simultaneously optimizing the cropping
pattern and water distribution. The total cost of each cubic meter of water was estimated at 8,595 rials,
and the results showed that the current cropping pattern is not suitable if the price of water increases.
However, by optimizing the cropping pattern and simultaneously optimizing the cropping pattern and
water distribution, it is possible to achieve an income approximately 14.7% and 162.7% higher than
the current situation where the price of each cubic meter of water is 940 rials, respectively.
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Table 3- The cost of agricultural operations, Average production potential and the sale price of crops
in the Qazvin plain irrigation network in 2018 (Organization of Agricultural- Jihad Qazvin and

Statistics Center of Iran)

Average

Average cost of

Crop name Cost (.)f agric_ulltu/Lal production agricultural operations Sales_ plrice

operations (Rials/ha) potential (ton/ha) per kilogram (Rials) (Rial)

Wheat 55479768 5 11000.9 17094
Forage corn 46333758 58 798.9 3150.3
Tomato 138296418 75 1844.0 7040.4
Alfalfa 46933188 11.8 3977.4 16480
Barley 47284854 3.7 10507.7 19783.8
Sugar beet 112795488 52 2169.1 5217.3
Potato 149063720 27 5520.1 23689.4
Maize 53014914 9.9 5355.0 17816.9
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Table 4- Annual expenses based on 2018 (Qazvin Regional Water Company and Organization of
Agricultural- Jihad Qazvin)
Cost items Amount (million Rials)
Annual expenses of the regional water company 12750
Annual expenses of Qazvin plain irrigation network
e 40000
exploitation company
Annual expenses of the Agricultural Jihad
Organization

1740

(cp 93 (Sldatan QT S ) 1YY Jl Slacwd wli! p WL ST 039 Slub yw Sday » -0 Jou>
Table 5- Capital costs of Taleghan irrigation project based on the prices of 1978 (Qazvin Regional
Water Company)

Cost items Amount (million Rials)
Costs of Taleghan dam, diversion dams, tunnels and
824.76
overflows
The cost of irrigation network channels 10316.4
Dam tank cost 150

Interest related to the cost of the building during

construction (10% of the cost of the building) 680.92

(2938 6309 3lgz Olo3le) SLB 3 oy > 3 (22938 Cubd ol 40l (o155 DY gazo gl by —1 J9ur
Table 6- Crop production potential of Qazvin plain irrigation network in tons per hectare
(Organization of Agricultural- Jihad Qazvin)

Crop name Wheat Forage Tomato Alfalfa Barley Sugar Potato Maize
corn beet
Yield 7 80 120 15 45 100 45 13
potential

(02938 S529Ls Sle Olojl) oo p sio o s 3 SolT (AL Gos -Y Jou
Table 7- Net depth of irrigation in millimeters per month
(Organization of Agricultural- Jihad Qazvin)

Month
Far. Ord. Kho. Tir Mor. Sha. Meh. Aba. Aza. Dey Bah. Esf.
Crop nam

Wheat 92 107 52 0 0 0 7 0 0 0 1 28
Forage corn 0 8 85 222 233 136 0 0 0 0 0 0
Tomato 16 42 196 245 212 40 0 0 0 0 0 0
Alfalfa 58 75 142 161 155 128 80 23 2 0 0 12
Barley 92 89 18 0 0 0 7 0 0 0 1 28
Sugar beet 13 44 196 243 226 126 0 0 0 0 0 0
Potato 16 23 193 234 203 22 0 0 0 0 0 0
Maize 0 17 167 230 190 26 0 0 0 0 0 0
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Table 8- Effective precipitation in millimeters per month

Month
Far. Ord. Kho. Tir Mor. Sha. Meh. Aba. Aza. Dey Bah. Esf.
Crop nameé
Wheat 23 26 0 0 0 0 0 16 13 8 19 29
Forage corn 0 5 0 0 0 0 0 0 0 0 0 0
Tomato 12 25 0 0 0 0 0 0 0 0 0 0
Alfalfa 22 26 0 0 0 0 0 20 20 15 22 29
Barley 23 26 0 0 0 0 0 16 13 8 19 29
Sugar beet 1 26 0 0 0 0 0 0 0 0 0 0
Potato 12 25 0 0 0 0 0 0 0 0 0 0
Maize 0 24 0 0 0 0 0 0 0 0 0 0
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Table 9- Income of operators of Qazvin plain irrigation network (billion Tomans)

Current status
(Price per Current status
Beneficiar cubic melzer of (Price per cubic Optimal cultivation Optimal water allocation
y water 940 meter of water pattern and cultivation pattern
Rials) 8595 Rials)

L1 1.5 -2.2 7.5 2.3
L2 9.9 -36.7 9.1 0.7
L3 15.4 -7.6 23.1 18.8
L4 1.2 5.7 4.8 59.3
L4A 14.5 -21.8 4.3 2.1
L5 11.3 -10.2 3.3 51.3
L6 16.8 -24.9 13.6 14.5
L7 1.9 -6.2 7.6 7.6
M2 1 -7.8 4.4 58.4
L8 4.1 -2.7 15.3 14.4
MW 10.9 -39.1 8.4 0.8

Average 88.5 -164.9 101.3 232.5
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Table 10- The amount of NPBD in the current situation and optimization models
(Rials per cubic meter)

Current status
(Price per cubic

Current status
(Price per cubic

Optimal cultivation Optimal water

Beneficiary allocation and
meter of water meter of water pattern cultivation pattern
940 Rials) 8595 Rials)
L1 228.2 -334.6 1140.8 812.9
L2 1089.5 -4038.8 1001.4 316.9
L3 3956.5 -1952.6 5934.8 3703.4
L4 212.9 -1011.1 851.4 20287.3
L4A 1922.3 -2890.1 570.1 809.9
L5 1371.2 -1237.7 400.4 14846.6
L6 2583.7 -3829.4 2091.6 6784.4
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Current status Current status Optimal water
- (Price per cubic (Price per cubic Optimal cultivation .
Beneficiary allocation and
meter of water meter of water pattern cultivation pattern
940 Rials) 8595 Rials)
L7 858.6 -2801.7 3434.3 3237.1
M2 492.1 -3838.7 2165.4 16216.1
L8 553.3 -364.4 2064.9 5882.4
MW 1668.9 -5986.6 1286.1 234.6
Average 1357.9 -2571.4 1903.8 6648.3
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Table 11- Optimum cultivation pattern in the cultivation pattern optimization model (ha)

L1 L2 L3 L4 L4A L5 L6 L7 M2 L8 MW  Sum
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Table 12- Optimum cultivation pattern in the simultaneous optimization model of cultivation pattern
and water distribution (ha)

Beneficiary
L1 L2 L3 L4 L4A L5 L6 L7 M2 L8 MW  Sum
Crop
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Table 13- Water distribution pattern in the simultaneous optimization model of cultivation and
water distribution pattern (1000 cubic meters)

Month
Far. Ord. Kho. Tir Mor. Sha. Meh. Aba. Aza. Sum
Beneficiary
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Month
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Fig 2- Comparing the amount of product production in the current situation with optimization

models
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