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Fig. 2 Distribution map of sub districts in Handan City
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Tab.3 Water allocation results of water users and allocation results of various water sources in Handan City at 2035(p =50%)
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Application of Ameliorative Butterfly Optimization Algorithm in

Multi-objective Optimal Allocation of Water Resources in Handan City
CHANG Yi-fan',SHA Jin-xia",LIU Bin"*,XU Zhi-heng"*,SUN Bo-lun®

(a. School of Water Conservancy and Hydroelectric Power; b. School of Earth Science and Engineering;
c. Hebei Key Laboratory of Intelligent Water Conservancy, Hebei University of Engineering, Handan 056038, China)

Abstract: Optimal allocation of water resources is an important method to effectively relieve the contradiction be-
tween the supply and demand of water resources in regions. The traditional butterfly optimization algorithm (BOA) has
some defects, such as low search accuracy, slow convergence speed, easy to fall into local optimization and can not be di-
rectly used to solve multi-objective optimal allocation of water resources problems. It was improved by introducing the
methods of fast non dominated sorting, congestion and elite strategy, and the superiority of the ameliorative butterfly op-
timization algorithm (ABOA) was verified by using ZTD function. Finally, the ABOA was applied to the optimal alloca-
tion model of water resources in Handan, and the scheme with the least water shortage was selected as the final scheme
from the Pareto front. The Handan water resources optimal allocation in 2035 (p =50%) yielded a total water demand of
2. 74 billion cubic meters, a total water distribution of 2. 44 billion cubic meters, and the water shortage was 298 million
cubic meters, and the water shortage rate was 10. 9%. Domestic and ecological water demand could be fully met. How-
ever, the primary, secondary and tertiary sectors were still facing water shortages in different regions, which need to be
alleviated by water conservation. The research results can provide a new reference for the solution of multi-objective opti-
mal allocation of water resources.

Key words: water resources; multi-objective; optimal allocation; ameliorative butterfly optimization algorithm; Han-
dan City
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Vulnerability Assessment of Heavy Rainfall and Waterlogging

in Subway Stations Based on IOWA-VAC
CHEN Jia"?,LIU Jing-yan"* ,DENG Xi'*

(1. Civil Engineering College, Institute of Disaster Prevention, Sanhe 065201, China; 2. Key Laboratory of

Building Collapse Mechanism and Disaster Prevention, China Earthquake Administration, Sanhe 065201, China)

Abstract: In order to scientifically evaluate vulnerability of heavy rainfall and waterlogging in subway Stations, deter-
mine the sensitivity index as well as improve the management level of the heavy rainfall and waterlogging in subway sta-
tions, an evaluation method based on IOWA-VAC was proposed. Firstly, an evaluation index system was constructed
based on Pressure-State-Response (PSR) theory. Then. the index data was reordered in ascending order by using the 10-
WA operator, and the final weight of the new data was obtained by introducing coefficients 0 to dynamically adjust the in-
terval boundary weights. The Vector Angle Cosine (VAC) was introduced to test the closeness of the consistency be-
tween the target score vector to be evaluated and the ideal target vector, so as to realize the transformation from algebraic
thinking to spatial geometry thinking, and the target grade to be evaluated was obtained. Single factor sensitivity analysis
was used to determine the sensitivity index. The practicability of the evaluation model was verified by taking the Yansi
station of Zhengzhou Metro Line 5 construction projects as examples. The results show that the vulnerability level of the
Yansi station of Zhengzhou Metro Line 5 is [V, with high risk. Thus, it provides feasible suggestion for vulnerability
management of heavy rainfall and waterlogging in subway stations.

Key words: subway station; heavy rainfall; waterlogging; vulnerability assessment; sensitivity analysis; induced or-
dered weighted average; vector angle cosine





