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Figure 1. Geoposition of the Nekouabad irrigation network in central Iran, showing canal alignments and well
distribution
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Figure 2. Statistical and Distributional Behavior of Adequacy and Dependability under Manual and Automatic-PI
Operations
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Figure 3. Empirical Cumulative Distribution and Median-Based Spatial Analysis of Adequacy and Dependability
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Figure 5. Inter-Scenario Variation of Adequacy across Thirteen Secondary Canals under Automatic-PI Operation
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Table (1). Comprehensive Interpretation of Results Table (Manual vs Automatic-PI Systems)

Operating Operational Co-ops Mean Median Std CvV P10 P90
Systems Scenarios Number

Normal 163 56.83 50.91 20.41 0.36 28.87 84.90

-2 WS < 10% 163 46.29 43.66 20.44 0.44 19.13 78.66

Té % WS_10-15% 163 32.93 29.25 21.89 0.66 8.04 72.79
£2 WS 15-20% 163 25.61 18.54 23.82 0.93 1.54 71.47
= % WS _20-30% 163 17.29 5.56 25.07 1.45 1.67 67.38
3 WS 30 - 40 % 163 16.79 5.56 24.09 1.43 1.67 64.84
WS > 40 % 163 10.83 5.56 15.36 1.42 1.67 43.37

Normal 163 70.83 70.82 19.81 0.28 45.09 95.78

- WS <10% 163 65.57 63.42 20.13 0.31 40.44 92.67

g WS 10-15% 163 60.99 57.95 20.60 0.34 34.97 89.43
= §? WS_15-20% 163 54.62 47.93 22.15 0.41 28.76 86.66
% WS_20-30% 163 47.45 39.78 23.24 0.49 21.73 83.54
3 WS 30 - 40 % 163 36.94 29.47 24.46 0.66 13.26 81.67
WS > 40 % 163 29.95 19.24 25.84 0.86 7.87 79.22

° Normal 163 58.63 58.96 25.80 0.44 25.52 90.71
'«E WS < 10% 163 63.72 68.38 25.70 0.40 29.28 95.10
= E WS 10-15% 163 67.24 73.83 24.91 0.37 33.17 97.94
E ;:; WS_15-20% 163 70.93 78.20 23.92 0.34 36.90 98.00
= '§ WS 20-30% 163 74.73 81.31 22.79 0.30 41.06 98.80
§ WS_30 - 40 % 163 78.59 85.69 21.28 0.27 46.47 99.00
a WS >40 % 163 81.97 89.67 19.19 0.23 52.32 99.00
o Normal 163 40.82 15.85 34.42 0.84 9.04 90.12
3;‘:, WS < 10% 163 48.02 41.09 35.92 0.75 9.38 93.77
E WS 10-15 % 163 50.26 47.14 36.12 0.72 9.84 95.80
= ::_'; WS 15-20% 163 52.73 52.43 36.47 0.69 10.21 97.00
'§ WS 20 -30 % 163 55.76 56.53 35.91 0.64 11.04 97.36
§ WS_30-40 % 163 59.40 69.91 35.26 0.59 11.89 97.77
a WS >40 % 163 63.50 80.70 34.25 0.54 13.31 98.00
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Abstract:

In this study, the performance of the Nekouabad Irrigation Network was evaluated under two
operating systems: the conventional manual operation and an automated operation based on a
Proportional-Integral (PI) controller, in response to consecutive inflow shortage scenarios. Using
a hydraulic simulation model and performance indicators of adequacy and sustainability, the
network behavior was analyzed across seven levels of hydrological stress, ranging from normal
conditions to inflow deficits exceeding 40%. The results revealed that the PI-based system
significantly enhanced the level of water service, reduced temporal and spatial fluctuations, and
improved the equity of water distribution. Compared with the manual operation, the PI controller
increased mean adequacy by up to 40% and reduced mean variability (instability) by 39%,
indicating a higher degree of stability and resilience across the network. Statistical, distributional,
and spatial analyses confirmed that the PI control system prevented functional collapse under
critical conditions and transformed the network into a more coordinated, predictable, and equitable
system. The reduced coefficient of variation, synchronized regulator responses, and spatial
uniformity of performance demonstrated the controller’s capacity to absorb disturbances and
prevent the propagation of fluctuations throughout the network. These features facilitate a
transition from reactive management toward predictive regulation, enabling more accurate
planning, reduced dependence on groundwater resources, and enhanced resilience to climate
variability. The findings support the applicability of comprehensive assessment frameworks—
such as sustainability evaluation frameworks based on the Water—Food—Energy Nexus and risk-
based system failure assessment—for future studies.

Keywords: Irrigation network, impact analysis, uncertainty, water accounting, spatiotemporal
analysis
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