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Risk evolution and response analysis of urban flood disaster chains based on tunnel inundation event//Wang Jia'"*
Liu Jiahong'?, Mei Chao'?, Wang Hao', Du Wei’, Yang Zixin' (1. State Key Laboratory of Water Cycle and Water
Security, China Institute of Water Resources and Hydropower Research; 2. Key Laboratory of River Basin Digital Twinning,
Ministry of Water Resources; 3. Faculty of Architecture, Civil and Transportation Engineering, Beijing University of
Technology; 4. College of New Energy and Environment, Jilin University)

Abstract: Aiming at the problem of insufficient research on the transmission mechanism and blocking measures of urban
flood disaster chain, this paper systematically identifies the disaster causing factors, disaster pregnant environment, disaster
bearing body, response measures and other elements of urban flood disaster, explores the key elements of the flood disaster
chain and their interactions, analyzes the occurrence and development process of the disaster chain, constructs a Bayesian
network model of the key elements of the disaster chain, and conducts a case study in combination with the inundation event
of the Beijing Guangzhou Expressway North Tunnel in the “7 + 20” rainstorm in Zhengzhou. The marginal probability
analysis results show that the probability of serious ponding in the north tunnel of Beijing Guangzhou Expressway under the
“7 « 20" rainstorm in Zhengzhou is 0. 482, and the probability of causing serious casualties and vehicle losses is 0. 434 and
0. 558 respectively. The joint probability analysis of response measures shows that if the emergency plan, traffic dispatch,
and professional rescue are not implemented in a timely manner, the probability of serious losses is the highest, which is
0.494. Timely response measures can significantly reduce the probability of serious losses, among which the comprehensive
disaster reduction capabilities of the implementation level of contingency plans, rescue efficiency, and traffic dispatch speed
decrease in sequence. Timely implementation of three disaster relief measures reduces the probability of the most serious
casualties and vehicle losses to 0. 152.

Key words: urban flood; disaster chain; Bayesian network; emergency response; “7 + 20” rainstorm in Zhengzhou
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Fig.1 Causal relationship of Zhengzhou Jingguang Expressway North Tunnel flooding incident
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Fig.2 Development process of flood disaster chain
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Fig.3 Directed acyclic graph of tunnel flood disaster chain
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Table 1 State descriptions and prior probabilities for part of nodes
A PR 1 Ak PR 2 ik RZS 1 iRt RES 2 Seso iR
I TCRETN e ity B2 T 0. 000 1. 000
E, FREIE HEAK L EEAR FEREE R ALK 0.200 0. 800
E, [T T 5 K PR A1 IFi 38 A TR AR R 7K 0.325 0. 675
D HeKBE ) 22 HEKRE S R AF 0.233 0.767
P T 28 St A B Bisf 48 B i 52 it 0.333 0.667
R, ZC 3 I FEAS K S A B B 0. 400 0. 600
R, P A e PapELeis 0.200 0. 800
F2 RBEFRKEELSH@HE
Table 2 Conditional probability of tunnel water accumulation severity
}Hi‘é\* E11E21D] E11E2]DZ EI]EZZD] E11E22D2 EIZEZIDI E12E2]D2 E12E22D1 E12E22D2
1 0. 475 0. 900 0.317 0.767 0.261 0. 655 0. 100 0.525
2 0.525 0. 100 0. 683 0.233 0.739 0. 345 0.900 0.475
F3 ARGTEESHHE
Table 3 Conditional probability of casualty severity
}U(?S PIRZIESI P1R21E32 P1R22E3I P1R22E32 PZRZIESI P2R21E32 P2R22E31 P2R22E32
1 0.551 0. 100 0.767 0.345 0. 655 0.233 0.900 0. 449
2 0.449 0.900 0.233 0. 655 0.345 0.767 0. 100 0.551
x4 FEFERERREEHEHTE
Table 4 Conditional probability of vehicle damage status
}{jtgi_\: P]RHE}] P1R11E32 P1R12E3] P1R12E32 P2R11E31 P2R11E32 P’ZR]ZESI P2R12E32
1 0.551 0. 100 0.767 0. 345 0. 655 0.233 0. 900 0. 449
2 0.449 0.900 0.233 0. 655 0.345 0.767 0. 100 0.551
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