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Abstract

To address the dual fuzzy uncertainties in demand at disaster-affected sites and road network con-
nectivity during the early response phase of urban flood disasters, this paper develops a triangular
fuzzy multi-objective chance-constrained programming model on the basis of credibility measure.
Triangular fuzzy numbers are employed to quantify material requirements, while road connectivity
reliability constraints are formulated to capture the risk of road network disruption. Subject to in-
ventory and connectivity reliability constraints, a fuzzy multi-objective chance-constrained optimi-
zation framework is established, with distribution timeliness, transportation cost and road disrup-
tion risk defined as objective functions. By virtue of credibility measure and its equivalent transfor-
mation, the fuzzy chance constraints are converted into their deterministic counterparts. To rem-
edy the inherent limitations of the conventional genetic algorithm, including premature conver-
gence and uneven distribution of the Pareto solution set, adaptive crossover and mutation opera-
tors are devised, and an external archive strategy is incorporated to preserve the diversity of non-
dominated solutions. On this basis, an improved non-dominated sorting genetic algorithm is put
forward. Numerical experiments are implemented using emergency allocation data from a prefec-
ture-level city. The hypervolume (HV) metric and iterative convergence profiles are adopted to as-
sess the convergence and diversity of the Pareto solution set, and a two-parameter sensitivity anal-
ysis is conducted with respect to the demand confidence level and road reliability. Computational
results demonstrate that the proposed model is capable of characterizing the coupled impacts of
fuzzy uncertainty and road network disruption on emergency scheduling strategies. Moreover, the
developed algorithm achieves superior performance over benchmark algorithms in both conver-
gence and solution diversity.
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