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EXTENDED ABSTRACT

Introduction:

Water and energy are important and crucial resources for agricultural production. Agriculture produces
essential food and raw materials for other sectors such as livelihoods, manufacturing, and production services,
supporting human survival and economic development. The development of agricultural and energy sectors
may be constrained by limited access to water, especially in arid and semi-arid regions, leading to an expected
fierce competition between food and energy in water consumption.

Objective:

Various uncertainties exist in determining the different input parameters of the water and energy
management model. These uncertainties, inherent in the overall system, are inevitable and complicate the
decision-making process. The aim of this study is to propose a multi-objective planning approach for the Water
and Energy nexus system under uncertainty conditions with agricultural and environmental objectives. This
study focuses on the Sefidroud irrigation and drainage network located in northern Iran.

Materials and methods:

In this study, the effective precipitation was first estimated to determine the net irrigation water
requirements for rice and tea crops in the study area. Subsequently, the interactions between water and energy
were formulated, and their optimal allocation in the agricultural and energy sectors was achieved using the
NSGA-II metaheuristic algorithm. After identifying the parameters with uncertainties in the developed model,
their values were quantitatively determined using fuzzy set theory. Finally, the optimization results for meeting
water needs and electricity production under different confidence levels of the model constraints were
examined.

Results and discussion:

By employing multi-objective optimization between the two goals of maximizing energy production and
minimizing agricultural water shortages, dam managers and planners can manage the water released from the
dam for future planning in a way that simultaneously maximizes hydropower generation while meeting
downstream needs. Evaluating the increase and decrease of a-cut at both upper bound and lower bound of the
fuzzy approach revealed that at the upper bound of the fuzzy approach, compared to the lower bound, the
amount of agricultural water shortage in the three development zones was lower with increasing o-cuts.
Conversely, at the upper bound, the amount of water shortage increased with increasing a-cuts, while the
opposite occurred at the lower bound. This is because, due to the relationship of the triangular method in
fuzzifying uncertain parameters, the difference between the upper and lower bounds decreases with increasing
a-cuts. Evaluating the results of examining the contribution of resources to meeting the region's water demands
showed that the share of water allocated through water transfer channels for meeting the water needs of rice
was greater than other surface sources. The Foumanat region, due to the reduced capacity of the Fouman water
transfer tunnel, relied more on river sources than other regions.

Conclusion:

This study shows that the optimal allocation of water is influenced by varying levels of confidence, and
water scarcity differs across regions, especially in the central irrigation area. As the confidence level increases,
water scarcity changes, decreasing at lower levels and increasing at higher levels. Water from the Sefidroud
Dam is the primary source of water supply in the irrigation areas of Guilan. To optimally manage water
resources, planning based on water needs and energy production during critical months is recommended to
prevent water scarcity and enhance agricultural productivity.
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