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Fig. 1 Construction of complex network diagram of water resource systems
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Fig.2 Water resource systems damage and recovery process diagram
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Fig. 3 Resilience evolution process of water resource systems
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Fig. 4 Distribution of river system and rainfall stations in Fenhe River basin
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Table 2 Resilience evaluation index system of water resource systems
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Fig.5 System dynamics causality diagram of water resource systems resilience
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Table 3 Calculation results of coupling degree of each subsystem of water resource systems
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Table 4 Single factor detection results of resilience of water resource systems in Fenhe River basin
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Complex network characteristics and resilience-driving mechanisms of water resource

systems in river basin”
WANG Yu'?, WAN Fang’*, WANG Weihao’*, HAN Wenhao’ , ZHENG Xiaokang' , ZHANG Di' , LYU Hong'
(1. Yellow River Engineering Consulting Co., Ltd. Zhengzhou 450003, China; 2. Yellow River Conservancy Commission of the Ministry of
Water Resources, Zhengzhou 450003, China; 3. School of Water Resources, North China University of Water Resources and Electric Power,
Zhengzhou 450046, China; 4. The National Key Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research Institute, Nanjing
210029, China; 5. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and
Hydropower Research, Beijing 100038, China; 6. Key Laboratory of Water Safety for Beijing-Tianjin-Hebei
Region of Ministry of Water Resources, Beijing 100038, China)

Abstract: This study addresses the demand for risk management of flood and drought disasters and reveals the complex
network characteristics and resilience-driving mechanisms in water resource systems. Specifically, a five-dimensional,
i.e., 'meteorology-hydrology-socioeconomic-ecology-engineering' water resource system resilience evaluation index is
developed, which is applied to the Fenhe River basin, acting as the research object. Furthermore, this work quantitatively
analyzes the interaction intensity between systems and their resilience-driving mechanisms by establishing a causality network
of subsystems to clarify the logical relationships among elements and comprehensively employing the coupling degree model
and the geographical detector method. The research findings are: (1) The water resource system exhibits distinct complex
network characteristics, with high-intensity coupling relationships among its subsystems. Among them, the coupling degree
between meteorological subsystem and hydrological subsystem is the highest (0.933). @ In the series of 2010—2022, annual
precipitation, surface water resources, urbanization level, forest cover and per capita water supply were the dominant
drivers of water resource systems resilience in the Fenhe River basin. Among them, the annual precipitation driver is the
strongest (0.812). (3 The interactive effects among different driving factors are consistently more significant than the
individual effects of single factors. Notably, the interactions among various influencing factors have become increasingly
complex, with multifactorial synergies becoming more pronounced. Exploring the complex network characteristics of water
resource systems and revealing the resilience-driving mechanisms in water resource systems are of great significance for
reducing disaster risk, optimizing the spatial and temporal pattern of water resources allocation and supporting the high
development quality of the basin.

Key words: water resource systems; the resilience-driving mechanisms; the complex network; the Fenhe River basin
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