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Introduction
Qazvin plain is one of the areas in the country facing a severe shortage of water. In recent years,
after the reduction of water allocation to this plain from Taleghan Dam, farmers have been digging
illegal wells or over-harvesting existing wells in order to maintain their livelihoods. This has
adverse effects, including severe depletion of wells, drying of aqueducts, salinity and degradation
of groundwater quality, reduced yield of agricultural products, loss of soil quality, imposition of
high costs on well owners, creating a major supply problem. Drinking water in cities and villages
and eventually land subsidence (Qazvin Regional Water Authority, 2014). Studies show that the
cultivation pattern in the last ten years has been almost constant and included wheat products,
forage corn, canola, tomato, alfalfa, barley, sugar beet, peas, beans, potatoes, corn and lentils
(Simiari and Mazandaranizadeh, 2017).

Studies have shown that previous studies have either optimized water distribution or optimized
cultivation patterns, but this study compared the differences between the two approaches to
farmers' livelihoods in order to conserve groundwater resources.

Materials and Methods
Study area

The irrigation network of Qazvin plain is located 150 kilometers from Tehran. The purpose of
this network is to transfer Taleghan water through the dam to the Qazvin plain and cover about
58,000 hectares of land in Qazvin province (Sohrabi and Javadpour Berojini, 2006).

Yield function
To estimate the amount of crop produced based on the amount of water consumed, the water-
production relationship presented by Rao et al (1988) has been used.
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Ya and Ym, respectively, actual yield and crop potential in ton per hectare, AETi and PETI,
real evapotranspiration and potential in growth period i in mm, respectively, and Kyi crop
susceptibility coefficient in growth period i.

Proposed optimization models

A- Water distribution pattern optimization model: this model redistributes the optimal water
distribution to increase farmers' income so that restrictions include the amount of water allocated
annually and monthly as well as the level of cultivation of crops per user.
B- Full optimization model: this model optimizes the simultaneous cultivation and distribution
pattern of water to increase farmers' income. In this model, in addition to the previous limitations,
it is possible to change the area allocated to each crop so that the total crop area in each crop is kept
constant.

Results and discussion

Survey of operating income shows that in the state of full allocation, the network revenue is
about 165 billion tomans, which due to a 53% decrease in surface water resources in the current
situation, the network revenue reached about 85 billion tomans and by optimizing the water
distribution pattern in these conditions increase network revenue by about 30% to 110 billion
tomans and with complete optimization the revenues from the network increase by 89% to 156
billion tomans.

Comparison of the amount of crop production in the optimization model shows the water
distribution pattern with the current situation. Investigation of the amount of water allocated to the
operators after optimizing the water distribution pattern with the current situation shows that the
amount of water allocated to the L3, L6, L8 and MW operators has decreased compared to pre-
optimization, and by more than 84% the area under cultivation of sugar beet has been reduced by
the amount of allocation that has been reduced. While 24% of the area under potato cultivation is
related to the users who had a reduction in the amount of allocation, and this has caused the water
stress to this product to decrease compared to before optimization and its production amount more
Increase from other products.

Comparison of crop yields before and after optimization shows that despite the decrease in corn-
forage, tomato, alfalfa, barley, barley and corn cultivation levels, the amount of tomato and corn
crop production production Compared to the current situation, despite the decrease in the area
under cultivation, this has increased, which means that the area under cultivation of crops and the
pattern of water distribution in this model have been determined in such a way that the water stress
on crops has decreased compared to the current situation, and product performance has increased.

In the complete optimization model, although the area under cultivation of wheat, potatoes and
lentils has increased compared to before the optimization, the amount of production of these
products has decreased compared to the optimization model of water allocation. The reason for this
is that in the water allocation optimization model, the area under cultivation of crops is constant,
and the increase in the amount of water allocated to farmers with the aim of maximizing farmers'
incomes has increased the real potential of these products. While in the complete optimization
model, the area under crop cultivation and the pattern of complete water distribution are determined
based on production potential, income, water needs and plant sensitivity to water stress in such a
way that the network income is maximized.

Conclusion

In recent years, with the ongoing critical conditions of water resources, the water allocated to
the irrigation network of Qazvin plain from Taleghan dam has decreased from 255 to 120 million
cubic meters per year. Failure to change the cultivation pattern based on the amount of water
allocated has led farmers to remove illegal water from the basement to earn a living, and this has
led to the destruction of the groundwater aquifer.

Examining the output of the models showed that the current cultivation pattern and water
distribution pattern is incorrect, and in the current situation, by optimizing the harvest pattern and
water distribution, in addition to preserving groundwater resources, revenues of about 5% lower
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than complete allocation can be achieved. Also, based on the model's output, the most suitable crop
for cultivation in lands covered by Qazvin plain irrigation network is wheat and then beans, sugar
beet, tomatoes, peas, barley, rapeseed, potatoes, corn, barley, lentils, alfalfa and finally Corn is
fodder.
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Table 1- Monthly Water Allocated from Taleghan Dam and Integrated Wells to Qazvin Plain
Irrigation Network (1000 m3)
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Table 3- production cost and selling price per kilogram (Tomans)

Plant Cost of production Sales price
Wheat 919.9 1155
Forage corn 77.2 137.8
Canola 1484.2 2200
Tomato 200.7 453
Alfalfa 456.7 752.7
Barley 784.4 920
Sugar beet 163 270
Pea 3190.9 5854.8
Beans 4857.8 6916.3
Potato 390.3 474.8
Maize 418.4 853.9
Lentils 2239.5 5266.7

Reference: Statistical Center of Iran
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Table 5- Comparison of operating income in the current situation with proposed optimization
models (billion tomans)

Current status

Optimal water

- - Current status Optimal water .
Beneficiary (255 million (120 million cubic meters) allocation allocation and
cubic meters) cultivation pattern

L1 18 9.6 18.5 33.7

L2 18.8 8.7 12.6 9.3

L3 38.7 20.4 1 15.8

L4 7.8 3.6 7.1 12.9
L4A 6.9 38 7.4 22.6

L5 7.7 4.1 7.9 8.9

L6 213 111 7.3 8.7

L7 10.8 54 18.1 16.8

M2 6.1 2.9 11.6 12.1

L8 20.4 10.3 5.7 11.3
MW 9.1 4.8 2.8 4.2
Sum 165.4 84.7 110.3 156.4
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Table 6- Monthly water allocated to each operator in water distribution pattern optimization model
(thousand cubic meters)

Month Far. Ord. Kho. Tir Mor. Sha. Meh. Aba. Aza.
Beneficiary
L1 42222 6107.6 55769 3411.8 3349.9 23138 1049.0 10544 5744
L2 382.0 5890.2 6246.6 757.1 9035 1204.9 1333.2 12726 268.2
L3 1496.4 2602.6 2237.3 22944 22334 22304 1637.0 27326 507.2
L4 108.4 4003.1 31348 130.8 164.4 54.9 730.2 1645.1 1276.4
L4A 1825.8 3572.6 3170.2 7234 376.8 910.0 4654 6126 605.1
L5 2382.3 3066.3 2080.6 828.2 9175 578.6 4394 23103 219.1
L6 228.3 1579.0 2194.0 1261.1 916.3 233.3 1158.1 2705.7 362.3
L7 3888.7 5514.2 54129 2168.2 23143 926.2 776.7 710.8 12955
M2 2357.2 3898.6 3024.1 1553.2 1119.2 4844 4383 23172 316.1
L8 42.2 582.6 2111.3 1466.6 1683.7 9075 606.5 1951.8 974.7
MW 16.4 169.1 876.8 24.3 61.6 2.2 19.8 13025 1285.2
Sum 16950 36986 36065 14619 14041 9846 8654 18616 7684
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Fig. 3- Chart of change in crop yield in optimized water distribution model relative to current
situation
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Table 7- Proposed cropping pattern after complete optimization (ha)

Beneficiary L1 L2 L3 L4 L4A L5 L6 L7 M2 L8 MW
Plant

Wheat 2133 321 8316 1001 882 773 5160 2379 930 5733 3151
Forage corn 6 0 15 4 0 19 7 28 0 10 6
Canola 2 6 53 27 131 2 42 13 4 41 7
Tomato 630 14 54 6 526 8 31 0 4 98 19
Alfalfa 1 3 3 6 17 2 28 34 2 19 11
Barley 14 20 148 2 32 16 15 26 2 66 13
Sugar beet 13 1578 401 0 1 10 23 69 1 49 6
Pea 0 9 45 39 146 5 21 45 9 83 32
Beans 229 1679 299 834 8 515 76 456 823 32 6
Potato 23 5 46 5 5 1 27 6 5 58 86
Maize 6 33 35 11 9 2 68 9 11 20 27
Lentils 3 9 27 7 12 3 21 38 2 17 69

(oo g0 J138) Sl (G ilwding 3 o T @395 (Solghiny o1 -A J9u

Table 8 - Proposed pattern of water distribution after complete optimization (thousands cubic meter)

Month Far. Ord. Kho. Tir Mor. Sha. Meh. Aba. Aza.
Beneficiary

L1 3520.7 61359 64739 45847 3290.3 1360.3 1033.0 23685 756.1
L2 2184.2 5306.8 7049 7406 14885 36769 10079 578.9 81538
L3 1498.1 2778.4 2071.6 2336.6 29850 2045.3 13859 3154.3 666.5
L4 1844.0 3925.3 5128.7 1784 1344 2557 580.7 420.7 836.7
L4A 17885 3647.3 4477.8 3288.0 2607.7 608.8 358.0 2166.8 305.1
L5 1389.9 27995 3279.1 337.3 2041 2775 2543 2518.7 1259.9
L6 228.1 854.3 1149.3 1230.1 8940 271.3 987.2 1505.8 233.3
L7 2790.8 6099.8 56157 4248 7441 3325 5288 5855 8223
M2 1665.3 3755.0 4821.3 61.1 31.7 4.7 853.3 7315 640.9
L8 3.1 1659.6 2288.0 1421.0 16154 9535 1081.1 1298.3 1217.6
MW 37.1 23.9 55.2 16.5 454 59.8 583.2 3286.8 130.0
Sum 16950 36986 36065 14619 14041 9846 8654 18616 7684
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Fig. 5- Comparison diagram of production output of full optimization model with current
situation and optimization model of water distribution pattern
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