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Optimization of Agricultural Irrigation to Enhance Climate

Resilience: Integrating AI and Small Hydropower for
Sustainable Water-Food-Energy Management
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Abstract

In recent years, climate change has led to increasing frequency and intensity of
extreme rainfall and drought events, severely impacting the reliability of agricultural
irrigation systems. This study focuses on the Shimen Reservoir region and employs the
Non-dominated Sorting Genetic Algorithm 111 (NSGA-III) to simulate irrigation and
reservoir release strategies under various drought scenarios, aiming to optimize
agricultural water management in the context of extreme climate conditions. The
optimized strategies are compared with the original reservoir operations, and the
improvement in agricultural water use efficiency is assessed using the Standardized
Reservoir Storage Index (SRSI) to quantify risk mitigation effectiveness.

Furthermore, the study adopts a water—food—energy (WFE) nexus perspective to
explore how different irrigation scenarios—namely, "planned water allocation™ and
"drought index-based control"—affect resource use efficiency and environmental
sustainability. The feasibility of integrating micro-hydropower systems into existing
irrigation infrastructure is also evaluated. Results indicate that optimized water
resource operation strategies and the integration of micro-hydropower can
significantly enhance irrigation efficiency and water allocation during drought
periods, while also improving energy use efficiency. In the future, incorporating real-
time monitoring data and predictive models can further strengthen the system’s
responsiveness to extreme climate events, contributing to a resilient and sustainable
agricultural irrigation management framework.Keywords: Non-dominated Sorting
Genetic Algorithm 111 (NSGA-III), agricultural irrigation, small hydropower,
Standardized Reservoir Storage Index (SRSI) drought management, Water—Food—
Energy (WFE) nexus

-523 -





