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Modeling and research of stochastic differential equations for hydraulic geometry relationship

SONG Xiaolong" *, ZHONG Deyu', WANG Guangqian'

(1. State Key Laboratory of Hydro—science and Engineering, Tsinghua University, Beijing 100084, China;
2. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China)

Abstract: Uncertainty in flow-sediment input and channel boundary of restriction caused by environmental
change (such as clclimatic events) pose difficulties for the accurate acquisition of information on river mor-
phology dynamics. In this study, a set of stable stochastic differential equations (SDEs) are developed to
simulate the dynamic probability distributions of typical hydraulic geometry variables represented by slope,
width, depth and velocity with varying bankfull discharge at certain moment in river system. The random
parts of each equation are modeled based on single Gaussian white noise and further on compound Gauss-
ian/ Fractional white noise plus Poisson noise. Consistent estimate of the SDEs parameters are conducted us-
ing a composite nonparametric MLE method. The stochastic models are examined with Monte Carlo simula-
tion in a lower Yellow River case, and results successfully reveal the potential responses of hydraulic geom-
etries to stochastic disturbance, and especially, the average trends mainly run to synchronize with the mea-
sured values. Comparisons among the three models confirm the advantage of Fractional jump-diffusion mod-
el, and through further discussion, stream power on the basis of such model is concluded as the better sys-
tematic measure of river dynamics. The proposed stochastic approach is new to the field of fluvial relation-
ships, and its application could help to design and monitor river system with the specified accuracy require-
ments.

Keywords: hydraulic geometry; stochastic differential equation; environmental change; river management
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