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ABSTRACT 

 

In this study, we illustrate artificial signal tests and sea-level records 

analyses with improved empirical model decomposition (EMD) and 

artificial neural network (ANN) for predicting the non-linear process of 

sea-level in terms of predicting a non-linear intrinsic mode for missed 

data and a non-linear trend. The EMD is intuitive, direct, and adaptive 

method for decomposing a signal into intrinsic modes, and does not 

require any predetermined parametric functions for analyzing a non-

linear and non-stationary data. The ANN is one of machine learning 

methods to estimate stationary or non-stationary patterns/values. In our 

analyses, an artificial signal and sea-levels are decomposed into 

intrinsic modes, and then mainly low frequency modes are tested with 

ANN for predicting missing parts and for estimating future variabilities. 

Our results show that the combination of improved EMD and ANN is 

highly capable of predicting non-linear processes of sea-levels and can 

be applicable not only for predicting a missing data but also for 

estimating long-term natural variabilities and a trend. 
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INTRODUCTION 

 

A common goal of most time-series analysis is to separate deterministic 

periodic oscillations in the data from random and aperiodic fluctuations 

associated with unresolved background noise (unwanted geophysical 

variability) or with instrument error. For many applications, the sea 

level records are treated as linear combinations of periodic or quasi-

periodic components that are superimposed on a long-term trend and 

random high-frequency noise. The periodic components are assumed to 

have fixed or slowly varying amplitudes and phases over the length of 

the record. Fourier analysis is one of the most commonly used methods 

for identifying periodic components in near-stationary sea-level data. If 

the sea-level data are strongly non-stationary, then more localized 

transforms like Wavelet transform can be used. However, the sea-level 

is a naturally non-linear process and data with the non-linear 

interactions among the physical processes with different time scales 

causing sea-level changes. In this study, we illustrate artificial signal 

tests and sea-level records analyses with improved empirical model 

decomposition (EMD) and artificial neural network (ANN) for 

predicting the non-linear process of sea-level in terms of predicting a 

non-linear intrinsic mode for missed data and a non-linear trend. 

 

METHODS 

 

In coastal zone management and adaptation strategies, the sea-level rise 

is the key factor to be considered because of its large impacts. 

Therefore, the estimation of long-term trends and changing rate (in 

mm/yr) is of eminent importance. Recently, Visser et al (2015) pointed 

that misunderstanding/controversies on acceleration or deceleration of 

sea-level records are due to mathematical or statistical characteristics of 

the models applied. Moreover, they reviewed 30 methods in use for 

sea-level records analysis and made recommendations for good 

modelling practices. However, EMD is not directly dealt with in their 

model evaluation for its applicability to sea-level records. In the 

meantime, Chambers (2015) investigated the EMD method thoroughly 

for quantifying multi-decadal variations and acceleration of sea-level 

records, and concluded that careful caution is necessary when applying 

EMD in sea-level records analysis to identify multi-decadal variability 

and accelerations because lowest-frequency modes are significantly 

distorted with incorrect amplitudes and phases due to residual noises. In 

this study, we used EMD and ensemble EMD (EEMD), and recent 

improved EEMD methods, which are complete EEMD with adaptive 

noise (CEEMDAN) and improved CEEMDAN, for predicting the non-

linear process of sea-level. 

 

Empirical Mode Decomposition (EMD) 
 

The EMD technique decomposes a signal into a usually small number 

of intrinsic mode functions (IMFs). To be considered as an IMF, a 

signal must fulfill two conditions: (i) the number of local extrema 

(maxima and minima) and the number of zero-crossings must be equal 

or differ at most by one; and (ii) the local mean, defined as the mean of 

the upper and lower envelopes, must be zero. The algorithm can be 

described as follows (Huang et al., 1998): 

 

Step 1. Set k = 0 and find all extrema of r0 = x. 

Step 2. Interpolate between minima (maxima) of rk to obtain the lower 

(upper) envelope emin (emax). 

Step 3. Compute the mean envelope m = (emin + emax)/2. 
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