Chapter 5

Conclusions and Recommendations

In this study, an adaptive harmonic analysis method has been developed. In this method, the astronomical tides are considered as the sum of several narrow band processes. It has been shown that narrow band process can be modelled as stochastic differential equation. The appearance of the stochastic term in the model makes it possible to use the Kalman filter that combines the information from the system model and measurement data to yield the estimates of the harmonic parameters. 


The Kalman filter based on such model has also been developed and evaluated using generated signal. The results of these experiments show that Kalman filter yields satisfactory performance in reconstructing the periodic signal both in a noise-free and noisy circumstance. The experiments also show that the filter performance is not sensitive to both the system and measurement noise. However, it is sensitive to the model dynamics parameter and the existence of missing components influences the estimates of the others. Nevertheless, the experiments also show that the deviation decays in time, so that we may expect that the error due to this incorrect model specification will vanish after some time.

The fourier analysis and energy estimation using real measurement data show that the components that give the most significant contribution to the tidal signal formation lie within the frequency band 0 – 200 deg/hour. The Kalman filter based on the model using the neap-spring tide components is also implemented in this real measurement. An experiment, aimed to compare the classical and adaptive harmonic analysis, shows that both methods yields similar estimates, but the adaptive analysis produces more accurate prediction. In fact, when the system noise is set to zero, both methods yield the same estimates for the same problem formulation.

In the rest of experiments, the surge data, which is the full tidal signal minus the astronomical tides obtained from the harmonic analysis, is used. The adaptive harmonic analysis is implemented using the surge data to extract the harmonic components that are still left within the data. In this way the adaptive harmonic analysis is expected just to give correction to the prediction using operational system. Fourier analysis and energy estimation on the surge data show that most of the energy lies in the low-frequency band, which correspond to the meteorological effects. Therefore, it is important incorporate model that represents the meteorological effect into the Kalman filter. The first approach is to consider the meteorological effect as noise and model it by using AR1 model. Using this model the filter shows satisfactory performance in the sense that it can extract almost all the periodic components from the surge data. The second approach is to make use of the wind measurement data and the wind set-up model developed by Schalkwijk in 1947 to predict the wind effect on the tides formation. By incorporating this predicting model, we may expect that the filter is aware when the meteorological effect is going to increase or decrease, so that it will be able to adapt the harmonic parameters in time. Hence, the filter is expected to yield more accurate estimates. However, the experiments show that the filter incorporating this model is not so successful. An investigation shows that the wind set-up model only predict reasonably well during high water period. In the overall, it causes more variation to the surge data instead of reducing it. The third approach is to combine the wind set-up and AR1 model to represent the meteorological effect. The experiments show that the filter with combination of these two models performs well in extracting the periodic component from the surge data.

Because the adaptive harmonic analysis method developed in this study is intended to give correction to the prediction using operational methods, it is therefore important to evaluate the ability of the filter in correcting the operational prediction. To perform this, we are going to use the data from the operational modelled surge. The error in the predicted surge is defined as the observed surge minus the modelled surge at each instant. Using the correction obtained from the adaptive harmonic analysis, we expect that the root mean square of the error will decrease.
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