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Introduction

Our comprehension of the hydrological cycle at the land-ocean boundary 
as well as the production of energy in coastal areas can only be improved by 
anticipating tidal waves. The prediction of tidal waves in estuaries remains 
uncertain due to the fact that astronomical, meteorological, and hydrological 
effects all have an impact on tidal waves. Using a fixed-lag smoother based 
on sequential data assimilation (DA), we present a novel approach to improve 
short-term tidal wave prediction in this study. The River estuary tidal wave 
predictions were made using the proposed approach. DA and regression-
based calibration resulted in an improvement of 63.9% in prediction accuracy. 
Even though the accuracy of the DA decreased as the forecast lead times 
increased, the DA-based 1 h lead forecast still outperformed the open loop 
forecast by 44.4%. In addition, the length of the assimilation window and 
forecast leads time, as well as the order of the smoothing function, were 
examined to determine the ideal fixed-lag smoother conditions. 

Description

Using past and future DA assimilation windows that were assimilated 
for at least 6 hours, it was suggested that the 8th-order polynomial could 
be used as the smoothing function to obtain the ideal DA configuration. 
The precise expectation of tsunamis is significant not just for working on 
how we might interpret the hydrological cycle at the limit between the land 
and sea yet in addition for further developing energy creation in beach front 
regions. One of the customary procedures for flowing level expectation is 
the symphonies investigation strategy in view of least squares assessment. 
The superposition of sinusoidal functions is used in least square regression-
based harmonic analysis to describe the amplitude, phase, and frequency of 
oscillatory components like sound and tides. Harmonic analysis was further 
developed by a number of researchers following Darwin's pioneering work, 
which was completed in the latter part of the 19th century. Likewise, different 
methodologies, including fake brain organizations, back propagation brain 
organizations, wavelet change, inaction techniques, and cross breed 
models, have been proposed to further develop tsunami forecast. However, 
the fact that conventional tide level prediction does not take into account 
hydrological and meteorological factors is one of its drawbacks. The 
river discharge and storm surge, in particular in an estuary, can have a 
significant impact on the water level, which may make it harder to predict 
tidal waves accurately. One of the strategies used to fill the hole in model 
expectation is information osmosis (DA), which refreshes the model states 
or boundaries utilizing recently got perceptions. Tidal wave prediction using 
DA techniques like Kaman filtering has also advanced. However, because 
the modelling procedure must be reorganized or reformulated in order to 

adjust the model states or parameters when new observations become 
available, implementing DA methods for particular models and applications 
is costly. Another approach that can be taken to lessen model biases is post-
processing. Post-processing adjusts the simulation results with an additional 
statistical treatment without altering the prediction model, whereas DA 
dynamically alters the model's states or parameters. Post-processing, on the 
other hand, has rarely been used to predict tidal waves.

Using a smoother fixed-lag, we present a novel approach to short-term 
tidal wave prediction in this study. Even though this approach is derived 
from DA, we produced the optimal solution within the assimilation window 
without altering the model states by employing the proposed smoother as 
a post-processor. A regression equation was used to adjust the tidal wave 
simulation prior to applying the smoother to take into account the effects 
of river discharge and atmospheric pressure. The   River estuary tidal 
wave predictions were made using the proposed approach. In addition, the 
optimal conditions for the fixed-lag smoother were examined in terms of 
the assimilation window's length, forecast lead time, and order of function. 
It is essential to be able to predict tidal waves in order to improve energy 
production in coastal areas and learn more about the hydrological cycle 
at the land-ocean boundary. To improve short-term tidal wave prediction, 
the fixed-lag smoother method was proposed, implemented, and evaluated 
in this study. The model structure need not be altered in order to use the 
proposed fixed-lag smoother, which is based on sequential DA. This 
study dissected the ideal circumstances for DA concerning the polynomial 
request, DA window length, and lead time length. DA and regression-based 
calibration resulted in an improvement of 63.9% in prediction accuracy. Even 
though the accuracy of DA decreased as forecast lead times increased, 
the 1 h lead forecast by DA still outperformed the open-loop method 
without data assimilation by 44.4%. The relative improvements achieved 
by the regression. DA analysis (DA), and 1 h lead DA forecast (DA_1 h) 
for the extreme ranges of the tidal wave were 40.3%, 68.2%, and 49.6%, 
respectively, indicating that the benefits gained from data assimilation were 
more apparent. In addition to the regression-based calibration, an additional 
improvement of approximately 10% can be anticipated for the one-hour lead 
forecast. In addition, the assimilation window length, forecast lead time, and 
order of the smoothing function were examined to determine the ideal fixed-
lag smoother conditions. It was suggested that the 8th-order polynomial 
could be used to find the best DA configuration. In addition, the DA window 
length of at least 6 hours was appropriate. When attempting to increase the 
accuracy of short-term wave prediction, decisions regarding the appropriate 
lead time should be given careful consideration [1-5].

Conclusion

The optimal observation interval length for past and future DA windows 
is also determined by the empirical findings of this study, which provide 
a new understanding of the polynomial order determination and optimal 
lead time proposal. The fixed-lag smoother was applied to three months of 
observation data from June to August 2021 for this study. However, additional 
tidal observation data must be used to confirm the findings in subsequent 
research. Additionally, considering the application of such links to a variety 
of models that have the potential to optimally enhance the accuracy of tidal 
predictions should be taken into consideration because DA techniques can 
be linked to both physical and data-based models. This will be examined 
in subsequent studies because it would be useful for utilizing the optimal 
parameter extraction method to determine the ideal DA window length.
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