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Agricultural Water Resources Management in the Northern Guandu
Irrigation District: An Integration of System Dynamics and

Bifurcation Theory
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Abstract

This study applies System Dynamics (SD) and Bifurcation Theory to agricultural water
resources management in irrigation districts, constructing a supply—demand analysis
framework for irrigation water resources. The Northern Guandu Irrigation District, under the
jurisdiction of the Seventh Branch of the Irrigation Agency, Ministry of Agriculture, is
selected as the case study. By integrating river water supply, irrigation demand characteristics,
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and historical hydrological data, the study analyzes water supply pressures across different
periods and further proposes management strategies with both allocation and adaptation
functions.

System Dynamics, a quantitative tool that combines system theory and computer
simulation, has been widely applied in agricultural irrigation, water resources, and
environmental management. It effectively describes the interactions among variables in
complex systems and their behavioral patterns over time. The primary contribution of this
research lies in incorporating equilibrium point analysis within System Dynamics through
Bifurcation Theory. Equilibrium point analysis allows for examining the stability of system
states, while bifurcation analysis investigates system behavior under uncertainty, thereby
providing insights into management strategies for irrigation water resources systems under
climate change uncertainties.

This study employs the Vensim software to develop a dynamic supply—demand model of
irrigation water resources and conducts a case analysis for the Northern Guandu Irrigation
District. The model simulates the dynamic interaction between water supply and irrigation
demand, and evaluates the impacts of regulatory mechanisms on irrigation stability. Beyond
serving as a decision-support tool for daily irrigation management, the model also possesses
potential for early warning and policy analysis. The findings of this study contribute to
enhancing the scientific basis, foresight, and climate resilience of agricultural irrigation
management, and provide quantitative support for future smart irrigation, water resources
regulation, and sustainable agricultural development.
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