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Research on risky multi-link networks for complex watershed water resources system ( I ). network
construction//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, Ministry 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 explore the multidimensional risk factors of water resources and their interrelationships, this study integrated
meteorological , hydrological, socio-economic, and ecological factors in the Yellow River Basin. Using causal diagnosis,
transfer entropy, and other methods, the risky multi-link network of water resource system in the Yellow River Basin was
constructed. Metrics such as degree centrality, betweenness centrality, edge betweenness, and clustering coefficient were
employed to analyze node, edge, and network characteristics, identifying key associated factors and their linkages. The
results show that the water resources system of the Yellow River Basin exhibits community structure characteristics and
demonstrates high clustering and coupling with the water resources systems of its six sub regions (except for the Longmen-
Sanmenxia sub region). There are close feedback relationships among different associated factors, and the corresponding
complex network exhibits small-world properties. When excluding hydraulic connection factors (section flow, water resource
volume, and total precipitation) , associated factors such as temperature and the added value of the tertiary industry, as
well as linkages like “added value of the tertiary industry — natural population growth rate” , play significant roles in the
water resources system.
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Fig.1 Overview of the Yellow River Basin
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Fig.2 Schematic diagram of abstracting watershed water

resources system as complex risky multi-link network
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Table 1 Associated elements of water resources system in the Yellow River Basin
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Fig. 3 Topological modeling process for causal networks
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Fig.4 Transfer entropy relationships between elements
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Fig.5 Risky multi-link networks for water resources

systems in the Yellow River Basin
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Table 2 Node characteristic indexes of associated elements of each subsystem
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Table 3 Characteristic indexes of risky multi-link networks of water resources systems in

®3 BAREBRESXKERRGRK % 55 M & FHEEIR

the Yellow River Basin and subregions
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RN R 202 640 0.0157 0.0985 0.1706 3.2430
X1 29 81 0.0998 0.1209 0.3864 2.2253
X 30 86 0.0988 0.1320 0.4415 2.6069
Sy 30 91 0.1046 0.0676 0.4935 2.5126
XV 30 99 0.1138 0.0896 0.5429 2.8575
XV 30 89 0.1023 0.0380 0.4907 2.9793
IrXVI 30 94 0.1080 0.1069 0.4941 2.2816
43 XV 29 100 0.1232 0.1376 0.5223 2.2759
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Table 4 Comparison of charateristic indexes between this

paper network and random network
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