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Abstract

Against the background of China’ s current development, the structural imbalance between water supply
and demand as well as water use conflicts have become increasingly prominent. As a core indicator to
measure the capacity of water resources systems to support the sustainable development of socio-economic
and ecological environments, water resources carrying capacity is of important research significance.
Nevertheless, existing studies still have deficiencies in the dynamic analysis of key obstacle indicators and
the uncertainty of evaluation results. Therefore, it is urgent to carry out scientific evaluation and optimization
strategy research on water resources carrying capacity to alleviate the increasingly severe water resources
crisis.

This study conducts an in-depth research on the scientific evaluation and multi-scenario simulation
prediction of water resources carrying capacity. By adopting an improved and optimized comprehensive
weighting TOPSIS evaluation model, the paper realizes the stability analysis of subjective and objective
weights of evaluation indicators and the scientific assessment of the temporal and spatial evolution of water
resources carrying capacity. Furthermore, a system dynamics model for water resources carrying capacity is
constructed to explore the dynamic evolution process of social development and water resources carrying
capacity under different development scenarios. This study takes the Turpan-Hami Basin in Xinjiang as the
research area from 2011 to 2022, and explores the dynamic simulation results of water conservancy
engineering capacity, economic development potential and water resources endowment under multiple
scenarios. The main research conclusions are summarized as follows :

(1) An evaluation system of water resources carrying capacity was constructed, and the weights of
indicators were determined. Using the comprehensive weighting method, the water resources management
and control subsystem was assigned the highest weight of 0.41. In addition, during the weight stability test,
most indicator rankings showed no obvious fluctuation, and the average total ranking change was only 0.64,
reflecting the strong anti-interference ability of the water resources carrying capacity evaluation indicators.

(2) This study elucidates the spatiotemporal evolution characteristics of water resource carrying capacity
levels and the uncertainty of the evaluation values. From 2011 to 2022, the water resource carrying capacity
evaluation value of Turpan City exhibited a "fluctuating upward" trend, reaching 0.43 in 2022, corresponding
to a critical overload state in carrying capacity grade. The evaluation value of Hami City showed a "steady
upward" trend, reaching 0.60 in 2022, also classified as a critical overload state. The core differences in the

evaluation values between the two cities are reflected in their score intervals and peak positions: the carrying



capacity evaluation values of Turpan City are mainly concentrated in the range of 0.30 - 0.45, while those of
Hami City are mainly concentrated in the range of 0.40 - 0.60..

(3) A system dynamics model of water resources carrying capacity was constructed and validated. The
causal loop diagram and stock-flow diagram among parameters and indicators of the system dynamics model
reflect the feedback mechanisms of different subsystems and evaluation indicators. According to the
historical validation of the model, the average error and variation range of most parameters and indicators
were kept within 10.00%, demonstrating reliable stability and accuracy of the model.

(4) This study assesses core water resource indicators and carrying capacity status under different
development scenarios. It is predicted that Turpan will reach an optimal water resource carrying capacity
value of 0.67 under Scenario S5 in 2035, presenting a weak carrying state. Hami’ s carrying capacity
improves most obviously under Scenario S3, hitting 0.73 in 2035 and remaining in a weak carrying state.

In conclusion, this research summarizes the deficiencies in existing water resource management of
Turpan and Hami, reveals the influence mechanism of key constraint indicators on water resource carrying
capacity, and puts forward targeted policy suggestions in view of varied carrying capacity states. It provides
important theoretical support and practical reference for formulating scientific and efficient water resource
management and planning schemes for the two regions.

Key words: Water Resources Carrying Capacity (WRCC); TOPSIS Method; System Dynamics (SD); Multi-

Scenario Analysis
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