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Research on risky multi-link networks for complex watershed water resources system ( Il ). risk propagation//
FENG Zhongkai'** | GAO Haoyu"**, NIU Wenjing*, WANG Yu’, PENG Shaoming®, ZHENG Xiaokang’ ( 1. State Key
Laboratory of Water Disaster Prevention, Hohai University, Nanjing 210098, China; 2. College of Hydrology and Water
Resources, Hohai University, Nanjing 210098, China; 3. Key Laboratory of Soil and Water Process in Watershed, Hohai
University , Nanjing 210098, China; 4. Bureau of Hydrology, Changjiang Water Resources Commission, Wuhan 430010,
China; 5. Yellow River Conservancy Commission, Minisiry of Water Resources, Zhengzhou 450003, China; 6. General
Institute of Water Resources and Hydropower Planning and Design, Ministry of Water Resources, Beijing 100120, China;
7. Yellow River Engineering Consulting Co. , Lid. , Zhengzhou 450003, China)

Abstract: To investigate the risk propagation process of the watershed water resources system, a risk propagation model was
established based on a risk multi-link network, which includes the coordinated initiation stage, propagation stage, and
dissipation stage. Risk propagation indicators, such as node risk sensitivity index, link carrying risk, network risk diffusion
index and network structure vulnerability index, were proposed. Through these indicators, the comprehensive analysis of
network risk propagation under typical hydrological years was conducted. And risk prevention strategies were constructed,
such as betweenness control, degree control, node risk sensitivity index control, and random control. The results indicate
that there is a positive correlation between the node risk sensitivity index and the node load increment. The risk carried by
the link is negatively correlated with the number of transmissions, and positively correlated with the increase in load of the
risk source. In general, the network risk diffusion index shows a first increasing and then decreasing trend, while the

network structure vulnerability index shows a continuous decreasing trend, and both dynamically change with the attenuation
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coefficient and load retention coefficient. Under typical hydrological years, risk propagation indicators change significantly

in extremely dry years and dry years. When slowing down the spread of risks, the prevention and control effects are ranked

from good to poor as betweenness centrality prevention and control, degree value prevention and control, node risk

sensitivity index prevention and control, random prevention and control, and no prevention and control strategies, which

means prioritizing the regulation of the correlation elements with high betweenness centrality can reduce the spread rate of

network risks. When reducing the number of risk nodes, the order of prevention and control effectiveness from good to poor

is node risk sensitivity index prevention and control, random prevention and control, betweenness prevention and control,

degree value prevention and control, and no prevention and control strategy. This indicates that prioritizing the control of

associated elements with high node risk sensitivity index can reduce the vulnerability of network structure.

Key words: water resources system; risky multi-link network; risk propagation; complex network analysis; the Yellow

River Basin
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Fig.1 Research framework
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Table 1 Meaning of risk propagation indicators
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Fig.2 Network risk propagation process
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Fig. 4 Network risk evolution of the Yellow River Basin
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Table 2 Maximum risk-carrying links for each phase
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Fig.7 Change in network risk diffusion index under different parameter settings
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Fig.9 Network risk diffusion index and network structural vulnerability index under different typical years
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