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ABSTRACT

This work models rainfall-runoff processes using a novel framework based on

wavelet analysis and the linear perturbation response model (LPRM). Wavelet transforms
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are substituted for the Fourier series to acquire smooth seasonal means and perturbation
terms from rainfall-runoff data in the LPRM. The observed rainfall and runoff time series
are decomposed using wavelet transforms to obtain the approximation and detailed
signals of rainfall and runoff, respectively, at M resolution levels. In the first application,
the detailed signal at each resolution level is considered the perturbation term utilized in
the LPRM. We assume the relationship between the input detailed signal and output
detailed signal at each resolution level is linear. Moreover, the approximation at resolu-
tion level M corresponds to the smooth seasonal mean employed in the LPRM. The
estimated runoff can be derived from the approximation of runoff at resolution level M
and estimated detailed signals of runoff at all resolution levels using wavelet reconstruc-
tion. In the second application, the values of a detailed signal below a certain threshold
are set to zero at each resolution level, meaning denoise. The denoisy rainfall and runoff
time series can be obtained from the approximation and denoisy detailed signals at all
resolution levels of rainfall and runoff, respectively, using wavelet reconstruction. The
denoisy rainfall and runoff time series are then regarded as the smooth seasonal mean
employed in the LPRM. The noise, i.e., original time series minus denoisy time series, is
considered the perturbation term employed in the LPRM. Moreover, we assume the
relationship between input noise and output noise is linear. The summation of the denoisy
runoff and estimated noise of runoff yields the overall estimated runoff in the LPRM. To
verify the accuracy of the proposed model, this work chose daily rainfall-runoff data for
upstream of the Kee-Lung River as a case study. Analytical results demonstrate that
wavelet transform and denoise can accurately estimate the smooth seasonal mean and
perturbation terms, thereby enhancing the accuracy of modeling of rainfall-runoff

processes.

Keywords: Wavelet transform, Wavelet denoise, Linear perturbation response model,

Rainfall-runoff processes.
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