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The Application of Joint Probability Method to Predict
Water Levels for Different Return Periods in the
Danshuei River System
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ABSTRACT

Due to the steep topography and flash flood in Taiwan, massive flood events and
recurring overtopping flow occurred frequently. The interaction between storm surge in
coastal ocean and inland river flood displays a high correlation. However, storm surge
and river discharge exist uncertainties. In the present study, one-dimensional unsteady
The

astronomical tide, surge height, and river discharge were analyzed with historical data to

flow model is established for the Danshuei River system of northern Taiwan.
build the probability density functions of each parameter. The joint probability method
including Monte Carlo simulation (MCS) and Latin hypercube sampling (LHS) was
adopted to yield samples of each parameter. Then the sampling scenarios were served as
boundary conditions to drive the model simulations with one-dimensional unsteady flow
model. The model was validated with observational water level data of three typhoon
events. The overall model simulation results are in quantitative agreement with the
available measured data. The validated model was then applied to predict water levels
with different sampling scenarios obtained from joint probability method. The predicted
water levels using MCS 2000 samplings, LHS 200 samplings, and LHS 400 samplings
were analyzed and compared. The results revealed that the predicted water levels for
different return periods using MSC 2000 samplings and LHS 400 samplings were quite
similar. It means that the predicted water levels using LHS 400 samplings can save the
computational time comparing with using MCS 2000 samplings. Moreover, the
predicted water levels at different locations for different return periods using LHS and
traditional frequency analysis. We found that the predicted water levels for different
The

traditional frequency analysis used to predict water levels for different return period

return periods using LHS were less than using traditional frequency analysis.

would be overestimated.

Keywords: Danshuei River system, One-dimensional unsteady flow model, Joint

probability, Monte Carlo simulation, Latin hypercube sampling, Frequency
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