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Abstract

This study aimed to develop a crop pattern optimization model based on the
Particle Swarm Optimization (PSO) algorithm for water resources
management in the Alborz Irrigation Network, Mazandaran Province, Iran.
Agricultural and economic data corresponded to the 2024-2025 cropping
year. The model included 18 decision variables, representing cultivated areas
and allocated irrigation water for nine agricultural and horticultural crops.
The objective function maximized total net agricultural profit subject to water
and land limitations and restrictions on changes in rice and citrus cultivated
areas. Crop yield under water stress was estimated using the FAO vyield
response-to-water relationship and crop-specific yield response factors (Ky).
Seven water-supply scenarios (100% to 40%) and three management
strategies, including deficit irrigation (H1), crop pattern optimization (H2),
and an integrated strategy (H3), were evaluated. Under the baseline condition
(Al) and cultivated area of 3,000 ha, irrigation water consumption was
22.791 Mm3, and net profit was 5,920 billion Rials. Under H2, reducing water
availability to 40% decreased net profit to 3,480 billion Rials (41.2%
reduction), while economic water productivity increased from 259.8 to 382.0
thousand Rials/m3 (47.1% increase). H2 consistently achieved the highest
economic water productivity. Considering the trade-off between water
conservation and economic returns, A4-H2 was identified as the more
balanced management option, with water consumption of 15.950 million m3
(30% reduction), net profit of 5,010 billion IRR (15.4% reduction), and
economic water productivity of 314.1 thousand Rials/m3 (20.9% increase).
These findings demonstrate the potential of PSO-based optimization as a
quantitative decision-support tool for crop pattern and water allocation under
water-limited conditions.
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Figure 1 — Location of the Alborz Irrigation and Drainage Network in Mazandaran Province
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Table 1- Agronomic Characteristics, Water Requirements, and Crop Yields in the Alborz Irrigation Network

aolS Cowlos oo (ABlgoSlos Jaadily 3S0es (g kel O e = oAl 5l S ol (o) oA I ClS 55 g Jypaze
(Ky) Swisd s 2 0 )5 9kS) 2 py59kS) (Irrigation (3o ko) (3o ko) (Net Irrigation (,usa) (Crop)
. Water Applied - Water Requirement .
(Crop Yield ) ( SUS ( HUS (mm)) (Net Water (Effective (mm)) (Cultivated
Response Factor to (Actual Yield (Potential Req(l;;:ﬁ;?em Rainfall Area (ha))
Water Stress (Ky)) (kgha))  Yield (kg ha™)) ((mm))
1.2 6650 7000 1100 940 240 1180 1450 v@f
(Rice)
puiS
1.15 4200 4500 160 180 90 270 180
(Wheat)
1.05 3550 3800 160 180 80 260 60 ”
(Barley)
o)lee bgw
0.85 5700 6000 740 419 121 540 180 Spring )
(Soybean
Akl g
0.85 5200 5500 560 374 116 490 170 Summer )
(Soybean
1.0 2800 3000 126 185 70 255 140 (Canola) I35
ladgle )3
1.25 52000 55000 574 312 118 430 250 shege ’
(Forage Maize)
11 42000 45000 500 300 120 420 120 Cucurbit)
(Crops
0.9 28500 30000 436 416 144 590 450 (Citrus) <LS ye

* *Rice yield is reported based on paddy weight (kg ha™). sl o 555 (S 13 p)SokS) Sils 59 olul p oy 3,Sdee™
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Table 2 -Production Cost and Selling Price of Crops in the Alborz Irrigation Network (Crop Year 2024-2025)

(055 5457JL,) (g8 Cuosd (LUl Jl ) (ygeho) M5 i 32 Jpame

(Selling Price (IRR kg™)) (Production Cost (million IRR ha™)) (Crop)
850000 900 (Rice) g,
205000 350 (Wheat) pu5
135000 300 (Barley) ¢
430000 500 (Spring Soybean) o)l b g
430000 480 (Summer Soybean) kit bgw
410000 420 (Canola) 135
120000 550 (Forage Maize) clasgle )
350000 1500 (Cucurbit Crops) (¢jJls &Y guame
300000 700 (Citrus) «ls s
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Figure 2 — Flowchart of the Crop Pattern Optimization Process Using the PSO Algorithm
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Table 3 - Optimal Crop Pattern and Cropping Intensity under Different Optimization Scenarios and Management Strategies in the Alborz Irrigation Network (ha)

Sl o515 Epome Oy (shdla OVgae  (gladgle )5 155 Wl g 8,k g e Exr O, gyl
(Cropping intensity (%)) (Total) (Citrus) (Melons) (Forage maize) (Rapeseed) (Summer soybean) (Spring soybean) (Barley) (Wheat) (Rice) (Strategy) (Scenario)
100 3000 450 120 250 140 170 180 60 180 1450 H1 Al
100 3000 450 120 250 140 170 180 60 180 1450 H2 Al
100 3000 450 120 250 140 170 180 60 180 1450 H3 Al
100 3000 450 120 250 140 170 180 60 180 1450 H1 A2
98.33 2950 435 110 210 130 165 175 45 170 1510 H2 A2
99.27 2978 442 115 225 135 168 178 50 175 1490 H3 A2
100 3000 450 120 250 140 170 180 60 180 1450 H1 A3
96.67 2900 420 100 170 120 155 170 30 155 1580 H2 A3
97.93 2938 430 108 190 128 162 175 40 165 1540 H3 A3
100 3000 450 120 250 140 170 180 60 180 1450 H1 Ad
93.17 2795 405 90 130 110 145 160 20 140 1595 H2 Ad
96.03 2881 415 98 155 118 152 168 30 150 1595 H3 Ad
100 3000 450 120 250 140 170 180 60 180 1450 H1 A5
89.17 2675 405 80 90 100 135 150 10 110 1595 H2 A5
92.20 2766 405 88 115 108 142 158 20 135 1595 H3 A5
100 3000 450 120 250 140 170 180 60 180 1450 H1 A6
85.83 2575 405 70 60 90 120 135 0 100 1595 H2 A6
88.70 2661 405 78 85 98 130 145 10 115 1595 H3 A6
100 3000 450 120 250 140 170 180 60 180 1450 H1 A7
82.67 2480 405 60 30 80 100 120 0 90 1595 H2 A7

85.10 2553 405 68 50 88 112 130 5 100 1595 H3 A7
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Table 4 -Percentage Changes in Irrigation Water Consumption, Net Profit, and Economic Water Productivity under
Different Scenarios and Management Strategies Relative to the Existing Condition

S0t S Ol Bl (gy90500 g gl (A dgw Ol i (Bpas ol bl gl
(wee2) (cxKeyio 2 U, Jl52)  (epd)  (Jbyo5lke)  (me)0) (xS o ouae) (Strategy) (Scenario)
(Productivity (Economic Water (Profit  (Net Profit  (Water (Water
Change (%0)) Productivity (1000  Change (Billion Change Consumption
Rials/m?)) (%0)) IRR)) (%)) (MCM))

0.0 259.8 0.0 5920 0.0 22.791 H1 Al
+2.2 265.5 +2.2 6050 0.0 22.791 H2 Al
+1.4 263.3 +14 6000 0.0 22.791 H3 Al
+6.6 276.9 —4.1 5680 —-10.0 20.510 H1 A2
+8.1 280.8 -2.7 5760 -10.0 20.510 H2 A2
+7.3 278.6 -3.5 5715 —-10.0 20.510 H3 A2

+12.1 291.3 -10.3 5310 —-20.0 18.230 H1 A3
+14.5 297.3 -8.4 5420 -20.0 18.230 H2 A3
+13.4 294.6 -9.3 5370 -20.0 18.230 H3 A3
+16.3 302.2 -18.6 4820 -30.0 15.950 H1 Ad
+20.9 314.1 -15.4 5010 -30.0 15.950 H2 Ad
+18.8 308.5 -16.9 4920 -30.0 15.950 H3 A4
+17.7 305.8 -294 4180 —-40.0 13.670 H1 A5
+27.9 3321 —23.3 4540 —40.0 13.670 H2 A5
+23.4 3204 -26.0 4380 —-40.0 13.670 H3 A5
+21.7 316.1 -39.2 3600 -50.0 11.390 H1 A6
+35.9 352.9 -32.1 4020 -50.0 11.390 H2 A6
+30.1 338.0 -35.0 3850 -50.0 11.390 H3 A6
+24.7 323.8 -50.2 2950 -60.0 9.110 H1 A7
+47.1 382.0 —41.2 3480 —60.0 9.110 H2 A7
+37.3 356.8 —-45.1 3250 -60.0 9.110 H3 A7
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Table 5 - Mean, Standard Deviation, and Coefficient of Variation of Net Profit over Repeated PSO Runs for Different
Scenario-Strategy Combinations

. ) o el PO .
Bl ne ulm,.., T (étandard o o2 3l 2yl 92)bw
(Best Response, (Coefficient of Deviation, Billion _(Mean Net (Number of (Strategy)  (Scenario)
Billion IRR) Variation, %) IRR) Profit, Billion Runs)
IRR)
5920 0.11 6.8 5912.4 30 H1 Al
6050 0.13 8.1 6038.7 30 H2 Al
6000 0.12 7.4 5989.6 30 H3 Al
5680 0.13 7.6 5672.8 30 H1 A2
5760 0.15 8.5 5749.3 30 H2 A2
5715 0.14 79 5706.1 30 H3 A2
5310 0.16 8.7 5299.2 30 H1 A3
5420 0.17 9.1 5407.8 30 H2 A3
5370 0.16 8.8 5359.4 30 H3 A3
4820 0.20 9.6 4809.5 30 H1 A4
5010 0.20 10.2 4998.6 30 H2 A4
4920 0.20 9.8 4909.7 30 H3 A4
4180 0.24 10.1 4169.8 30 H1 A5
4540 0.25 113 4528.9 30 H2 A5
4380 0.25 10.8 4368.7 30 H3 A5
3600 0.30 10.9 3589.1 30 H1 A6
4020 0.30 12.1 4007.6 30 H2 A6
3850 0.30 115 3837.9 30 H3 A6
2950 0.40 11.8 2939.2 30 H1 AT
3480 0.38 13.2 3468.1 30 H2 AT
3250 0.39 12.6 3237.7 30 H3 AT
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