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Complex network characteristics of the Yangtze-Yellow River inter-basin water resources system under water
network interconnection//Feng Zhongkai'>*, Yang Xiaojing">*, Niu Wenjing*, Wang Yu®, Peng Shaoming®, Zheng
Xiaokang’ , Wang Yongqiang® (1. State Key Laboratory of Water Disaster Prevention, Hohai University; 2. College of
Hydrology and Water Resources, Hohai University; 3. Key Laboratory of Flood Disaster Risk Warning, Prevention and
Mitigation of Ministry of Emergency Management, Hohai University; 4. Changjiang Hydrological Bureau of Changjiang
Water Resources Commission; 5. Yellow River Conservancy Commission of the Ministry of Water Resources; 6. MWR General
Institute of Water Resources and Hydropower Planning and Design ( GIWP) , China; 7. Yellow River Survey, Planning,
Design and Research Institute Co. , Lid. ; 8. Changjiang River Scientific Research Institute of Changjiang Water Resources
Commission )

Abstract; This study employs the PCMCI method, along with network metrics such as edge betweenness, to investigate the
complex network characteristics and interconnection effects of the Yangize-Yellow River inter-basin water resources system
under the context of water network integration. The results reveal that: the constructed network comprises 592 nodes and
1149 causal edges, exhibiting spatial heterogeneity, interregional lags, and the coexistence of local clustering and
cascading transmission ; the network displays prominent small-world properties and spatial heterogeneity. Hydraulic contact
nodes ( high-impact hubs) and socio-economic buffering nodes interact synergistically to maintain system stability; the
South-to-North Water Diversion Project, through differentiated coordination mechanisms, drives the structural optimization
of the network. The dual-line interconnection increases the number of buffering nodes by 15%, enhances global
transmission efficiency by 74%, and expands the number of interregional long-distance transmission chains to seven.
Notably, the critical path formed by the diversion project links eight nodes in series, significantly improving the efficiency
of water resources allocation and system coordination.
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Fig.1 Study area overview
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Table 1 Sources for meteorological, hydrological, socio-economic, ecological, and engineering water diversion data
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Table 2 Multidimensional factors of meteorological,
hydrological, socioeconomic, ecological, engineering

water diversion
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Fig.3 The Yangtze-Yellow River inter-basin network
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Fig.4 Node degree values of each subregion in the Yangtze-Yellow River inter-basin network
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Fig.8 Core short chains in the Yangtze-Yellow River inter-basin network
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Table 4 Characteristics of long chains in the Yangtze-Yellow River inter-basin network

5=} KHE4

B 1 B2(10)—A1(10)—C3(10)

Bk 2 D4(10)/B5(10)/A2(10)—A5(10)—C6(11)/B3(11)—A5(11)—C4(12)—A5(12)—DI1(12)
B4 3 C13(7)/B3(7)/C11(7)/C2(7)/D5(7)—A5(7)—A5(6)—A3(6)

Bk 4 C13(5)/C12(5)—A5(5)—D5(5)

%S C10(14)/C2(14)—A5(14)—C2(14)

%6 C7(19)—E5(19)—C12(19)/C9(19)

BT E1(8)—E12(18)/D2(17)/D3(18)/A3(17)/C1(18)/B4(17)—A5(17)—B3(18)/B1(17)
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Table 5 Topological metrics under water network interconnection scenarios

Yt SRR PR REL EEY &S MERBRE  CPERHMERAR R MER R BESY A S
T+ AR 4.1444 0.0742 0.0192 0.00373 10. 5477 20. 063 8 0.1187
WG 4.0659 0.0752 0.0261 0.003 74 11.6239 17.6570 0.0934
IRk 4.0766 0.0755 0.0203 0.00373 15.6105 13.7454 0.1106
g+ AR 2k 4.1302 0.0738 0.0329 0.00375 10. 7645 19.0107 0.0802
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different scenarios
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