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Abstract

Improving the performance of water distribution systems in the agricultural sector is essential to increase arable crops production by
considering surface water volume and energy consumption. Therefore, the main objective of the current research is to evaluate performance
of practical alternatives in modernization projects in order to improve the performance of surface water distribution systems and to
quantitatively evaluate their performance based on the water-food-energy nexus. The current operational management of the Rudasht
Irrigation Network located in Isfahan, was simulated under normal and water shortage scenarios. Then the impact of two modernization
methods including an improved manual operation and an automatic control system by using the Model Predictive Control (MPC) on the
improvement of surface water distribution was investigated. In order to investigate the operational methods, eight indicators of surface water
delivery, energy consumption, surface water productivity, food productivity, energy productivity, surface water economic productivity,
energy economic productivity and food economic productivity were used. In the current status (Manual Method) under normal and water
shortage scenarios, the values of water-food-energy nexus index were estimated 0.41 and 0.07, respectively. By improving the operational
method to improved manual operation method, under normal and water shortage scenarios, the values of water-food-energy nexus index
were estimated 0.46 and 0.09, respectively. The results of MPC method showed that this method has the best performance with 0.94 and 0.38
in normal and water shortage scenarios, respectively. The proposed evaluation approach can be used as an appropriate evaluation method to
evaluate and prioritize modernization options of agricultural water distribution systems.

Keywords: Economic Productivity, Energy Productivity, Modernization, Rudasht Irrigation Network.
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Location of Rudasht Irrigation Network in Isfahan

Location of Isfahan province in Iran
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Figure 1. Main irrigation canal, the secondary off-takes (Red dots) and the wells located within the boundaries of the
Rudasht agricultural water distribution system
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Figure 2. A schema of the improved manual operational method
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Table 1. Current crop pattern and selected values from economic information of Rudasht Irrigation Network

Crop

Sugar beet Safflower Alfalfa Barley Wheat
Sale price (toman kg 831.25 6243.8 2493.2 2379.8 5000
Yield (ton ha™) 44.23 1.88 11.21 4.08 4.28
Gross profit (toman ha™") 15,059,716 4,711,735 7,784,198 4,126,838 9,236,943
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Table 2. Results of water distribution adequacy index in normal and water shortage scenarios

o Manual Method  Improved Manual Method MPC o Manual Method  Improved Manual Method MPC
4 Z
£ =z 58 E 5 T 592 & T 5% % 59 F 59
= £ IR g = E £ £ s g IR~ £ IR= E £ £
e 2 =2 f FE: :S:g 2 £: 2 5EF 2 Z:
1 0.67 0.23 0.74 0.25 095 034 14 1 0.30 1 0.33 095 035
2 0.57 0.27 0.61 0.29 097 035 15 0.49 0.12 0.53 0.13 093 0.34
3 0.48 0.22 0.51 0.24 091 035 16 0.48 0.12 0.52 0.13 0.87 0.34
4 0.67 0.32 0.72 0.34 1 035 17 0.38 0.06 0.40 0.07 090 0.35
5 0.57 0.26 0.62 0.27 097 034 18 0.63 0.16 0.68 0.18 095 035
6 0.64 0.31 0.68 0.33 097 035 19 0.38 0.09 0.41 0.10 092 035
7 0.70 0.18 0.76 0.19 097 035 20 0.83 0.00 0.90 0.00 094 0.34
8 0.95 0.42 0.99 0.44 099 034 21 0.76 0.17 0.82 0.18 097 035
9 0.47 0.21 0.51 0.22 099 034 22 0.38 0.07 0.41 0.08 095 0.36
10 0.95 0.40 0.99 0.42 0.88 035 23 0.14 0.03 0.16 0.03 098 0.35
11 0.55 0.24 0.59 0.25 093 035 24 0.87 0.16 0.95 0.18 1 0.35
12 0.99 0.28 1 0.30 098 036 25 0.46 0.07 0.49 0.08 098 0.35
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Figure 4. The rate of energy consumption reduction for the various operating systems
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Figure 5. Food production by surface water through the operating systems
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