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Comparison of Fuzzy and Monte Carlo Methods in
Uncertainty Analysis of Salmonid Embryo Survival

Wu, Fu-Chun', Yin-Phan Tsang2

Abstract

Natural gravel-bed streams provide spawning habitats for salmonids. The female releases fertilized
eggs into the substrate where the intragravel flow maintains suitable environment for incubation. Fine
sediment intrusion into the spawning gravels can significantly reduce substrate permeability and
intragravel water velocities, thereby restricting the supply of oxygen and the removal of metabolic wastes,
which causes adverse effect to the embryo survival. A quantitative model has been developed for
predicting the embryo survival as a function of sediment deposition. This model integrates hydraulic
radius model, two-layer model, and an empirical relationship between apparent velocity and survival rate.
This study uses fuzzy a-cut method and Monte Carlo simulation to investigate the uncertainty of embryo
survival associated with the model parameters (i.e., sediment-gravel size ratio, dimensionless pressure
head, ratio of intragravel flow path, and specific sediment deposit). The results of these two methods are
compared. A modified fuzzy a-cut method is proposed by incorporating the sensitivity analysis and the
correlation between the parameters.
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