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identification of them against various factors. In this study, the effect of
wavelet based de-noising on the entropy of groundwater level time series
in Ardabil plain has been investigated. Also, the effective sub-series of the
groundwater level time series process were identified using three criteria:
Keywords: entropy, mutual information (MI) and linear correlation coefficient. The
Groundwater level, results showed that the entropy of the groundwater level time series
Wavelet based de- increased using wavelet based de-noising method. The increase of entropy
noising, Mutual | jngijcates an increase natural fluctuations in the groundwater level time
Inf(_)rmatlon, Ardabil | series and thus indicates the occurrence of a favorable trend in it. Also,
plain the results showed that MI and entropy criteria, due to nonlinear nature,
can accurately demonstrate the dominant sub-series in the groundwater
level process. A+D3 combination was considered as the dominant sub-
series in most piezometers.

1. Introduction

The wavelet-based de-noising pre-processing approach in the present study was used in the Entropy
determination of groundwater level time series. Furthermore, three Criteria such as Entropy, Mutual
Information (M) and linear correlation coefficient have been simultaneously investigated to calculate
dominant components in the groundwater level time series for in Ardabil plain.

2. Materials and Methods
2-1- Case of the Study

The study zone of this research placed in Ardabil plain (38°03'—38°27'N and 47°55'— 48°20'E) which
is located in north-western Iran, and covers an area of about 990 km2, as shown in Fig. 1. In this study,
the groundwater levels of 15 piezo metric stations (P1, P2, P3... P15) located in the Ardabil plain from
the period of 1993 to 2018 selected to perform the trend analysis. One-month interval at all of the
piezometers has been reported for data sampling.
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Fig.1. Case of the study and the position of piezometers.

2-2-Wavelet transform (WT)

In hydrological problems, the time series are usually in the discrete but continuous format; therefore,
the discrete WT was used in the following form (Mallat, 1998):

Inalt) = \/‘% g*(t_gﬂt;”a" )

2-3-Wavelet based de-noising

@)

Wavelet de-noising technique is operated as follows: (1) an applicable mother wavelet and several
resolution level methods are selected. An approximation subseries at the resolution level L and detailed
sub-series at different resolution levels are decomposed from main time series xi. (2) The absolute
amounts of detailed-sub-series, which exceed the values of the fixed threshold are changed by the
difference between the values of threshold and detailed sub-series (Donoho, 1995).
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2-4-Shannon entropy and Mutual Information (MI)

Shannon (Shannon, 1948) mathematically formulated entropy (H), now called the Shannon entropy or
information content, for a discrete random variable of X with sample size of N (bin number), which
takes values x1; x2;... ; XN with probabilities of pl, p2,..., pN, respectively, as (Singh, 2011):

H(X) = H(P) = - XL, p(x) log[p(x))] (2)
MI between two random variables X and Y is defined as (Yang et al., 2000):

MI(A,B) = H(A) + H(B) — H(A, B) (3)
With H(A) and H(B) being the entropy of A and B, respectively, and H(A,B) their joint entropy as:

H(A,B) = — Y.qea 2 Pap(a, b) logpsp(a, b)) (4)
3. Results

The entropy value of groundwater level time series has increased by applying the wavelet based de-
noising which shows the increase of natural fluctuations in groundwater level time series. Pizometer 3
has the highest and piezometer 12 has the lowest value in entropy. In the second stage, three criteria
such as correlation coefficient, mutual information and entropy were used to determine the effective
sub-series in groundwater level time series of Ardabil plain. The entropy and M criterion are non-linear
methods, On the other hand, MI criterion is one of the supervised criteria which considers the
relationship between inputs and outputs (Nourani et al. 2015), so it is predicted that MI could show best
performance in selecting dominant frequency in groundwater level time series. The results showed three
criteria demonstrated different sub-series as dominant frequency in some piezometers. The different
results of three criteria was examined by plotting three sub-series combinations (A+D1, A+D2, A+D3)
and original groundwater level time series in three plots. A+D3 combination showed closest diagram
to the original time series that approved the results of MI and entropy criteria due to being nonlinear
and supervised criteria.

4.  Discussion and Conclusion

In order to complete the current study, it is recommended to use the presented methodology to other
hydrological time series and variables (e.g. temperature and/or evapotranspiration). Moreover, other de-
noising methods should be used to de-noise the groundwater level time series and the effect of different
de-noising methods should be calculated on the entropy of time series. It is also suggested that the
results of entropy and MI methods for determining the effective sub-series in hydrological time series
time series were compared with other methods such as Mann-Kendall method to selecting proper
method.
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The Entropy Analysis of Groundwater Level Time Series in
Ardabil Plain
Farnaz Daneshvar Vousoughi'
Abstract

The hydrological and geomorphological changes in catchments is one of the most important challenges
today. Analysis of hydrological time series such as groundwater level plays an important role in the
behavior identification of them against various factors. In this study, the effect of wavelet based de-
noising on the entropy of groundwater level time series in Ardabil plain has been investigated. Also, the
effective sub-series of the groundwater level time series process were identified using three criteria:
entropy, mutual information (MI) and linear correlation coefficient. The results showed that the entropy
of the groundwater level time series increased using wavelet based de-noising method. The increase of
entropy indicates an increase natural fluctuations in the groundwater level time series and thus indicates
the occurrence of a favorable trend in it. Also, the results showed that MI and entropy criteria, due to
nonlinear nature, can accurately demonstrate the dominant sub-series in the groundwater level process.
A+D3 combination was considered as the dominant sub-series in most piezometers.

Keywords: Groundwater level, Wavelet based de-noising, Mutual Information, Ardabil plain
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