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Recognizing factors affecting decline in groundwater level
using wavelet-entropy measure (case study: Silakhor
plain aquifer)
Mehdi Komasi and Soroush Sharghi

ABSTRACT
The most important approach to identify the behavior of hydrological processes is time series
analysis of this process. Wavelet-entropy measure has been considered as a criterion for the degree
of time series ﬂuctuations and consequently uncertainty. Wavelet-entropy measure reduction
indicates the reduction in natural time series ﬂuctuations and thus, the occurrence of an unfavorable
trend in time series. In this way, to identify the main cause of declining aquifer water level in the
Silakhor plain, monthly time series of rainfall, temperature and output discharge were divided into
three different time periods. Then, these time series were decomposed to multiple frequent time
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series by wavelet transform and then, the wavelet energies were computed for these decomposed
time series. Finally, wavelet-entropy measure was computed for each different time period. Given
the entropy reduction of about 71, 13 and 10.5% for discharge, rainfall and temperature time series
respectively, it can be concluded that ﬂuctuation decrease of discharge time series has relatively
more effect on groundwater level oscillation patterns with respect to the rainfall and temperature
time series. In this regard, it could be concluded that the climate change factors are not facing
signiﬁcant changes; thus, human activities can be regarded as the main reason for the declining
groundwater level in this plain.
Key words

| climate change impacts, complexity decrease, groundwater level, human activities,
Silakhor plain, wavelet-entropy measure

INTRODUCTION
Water resources management can help to ensure the sus-

which may have a direct impact on groundwater levels. It

tainable use of water resources such as groundwater

has been shown that groundwater systems have undergone

for urban and rural water supply. Decline in groundwater

changes due to human activities including groundwater

levels not only limits groundwater exploitation but also

abstraction, recharge and reservoir construction (Xue et al.

causes land subsidence and human-ﬁnancial losses.

; Singh et al. ; Yang et al. ; Amaranto et al.

Several studies noted the signiﬁcant relationship between

; Deng et al. ).

climate change and the decline in groundwater level

Generally, discussions related to drought and water

(Zwolsman & van Bokhoven ; Waibel et al. ;

crisis have been in conﬂict with each other and achieve no

Chinnasamy & Ganapathy ). Hao et al. () investi-

consensus and a comprehensive and clear purpose as yet.

gated that climate change has resulted in increasing global

Several researchers have argued that the water crisis is the

atmospheric temperatures and a modiﬁed rainfall pattern,

result of extensive climate change (Rabbani & Alikhani
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; Vahidi ), and several studies have considered

physiological signals. They pointed out that multi-scale

the indiscriminate use and lack of proper management of

entropy robustly separates healthy and pathologic groups

water resources as the main factors of drought and water

and consistently yields higher values for simulated long-

crisis (Faskhodi & Mirzaie ; Nourani et al. a,

range correlated noise compared to uncorrelated noise.

b; Varouchakis et al. ).

Mishra et al. () applied the concept of entropy to inves-

Undoubtedly, studies on water level ﬂuctuations (or

tigate the spatial and temporal variability of rainfall time

groundwater level ﬂuctuations) are important for water

series for the state of Texas, USA. In their study, marginal

resources deterioration and testing the impacts of the

entropy was employed to clarify the variability associated

natural climate ﬂuctuation or human-induced climate

with monthly, seasonal, and annual time series. Ming Chou

changes on hydrology, and also in modeling water levels

() studied the application of multi-scale entropy for ana-

to use those for quantitative interpretation (Cimen & Kisi

lyzing complex rainfall time series and ﬁnding the number

; Kakahaji et al. ). Furthermore, various studies

of resolution levels in the wavelet decomposition. Their

have been carried out in modeling and statistical analysis

analysis revealed that the suggested number of resolution

of water level ﬂuctuations in different watersheds over the

levels can be obtained using multi-scale entropy analysis.

world (Kebede et al. ; Cimen & Kisi ; Kakahaji

Meanwhile Shannon entropy is the most commonly and

et al. ).

effectively used entropy. The conjunction of entropy and

In recent years, the groundwater level of Silakhor
plain in Iran has been substantially reduced. The ﬂuctuating

wavelet concepts has been used to develop a new complexity
measure of wavelet-entropy (Rosso et al. ).

pattern of groundwater level time series of this plain has

In addition to the aforementioned studies, it should

changed. Changes in time series ﬂuctuations may be con-

be noted that in past decades several methods have been

sidered as the occurrence of an unfavorable trend. So, it is

proposed to measure the complexity and consequently

essential to determine the causes of these changes in

time series change detection and modeling. For example,

groundwater level. To demonstrate the impact of climate

Fathian et al. () used Seasonal Auto Regressive

change, temperature and rainfall time series are investigated

Integrated Moving Average (SARIMA) in order to study

and to monitor the impacts of human activities such as

Urmia Lake’s water level change. This article aims to ident-

digging illegal wells, and the unprecedented increase in agri-

ify the changes in the statistical characteristics in terms of

culture and industrial plants, the output discharge time

trend, stationarity, linearity/nonlinearity and change point

series of the basin is used. In this way, various indices

detection analyses. Meanwhile, based on research by

including the new wavelet-entropy measure can be used to

Fathian et al. (), the SARIMA model effectively detects

rank the impact of each factor.

and interprets ﬂuctuations in time series when composed

For the ﬁrst time, Shannon () introduced the

by other models such as Generalized Autoregressive Con-

concept of entropy as a tool to measure the information con-

ditional Heteroscedasticity (GARCH). This apparently is

tent of the signal. Many researchers have investigated the

an appropriate method but depends on too much compu-

concept of Shannon entropy in order to analyze signals

tational effort and highly precise determination of the

(Bercher & Vignat ; Shardt & Huang ; Chen & Li

SARIMA input parameters.

; Castillo et al. ; Singh & Cui ; Varanis &

Eliciting beneﬁcial information from hydrological time

Pederiva ). Pincus () demonstrated a model from

series and structural characteristics of annual precipitation

the concept of entropy, named approximate entropy, in

in Lake Urmia Basin, Vaheddoost & Aksoy () calculate

order to determine the complexity of short-term time

entropy in each proposed station with respect to the long-

series. Richman & Moorman () published a paper in

run mean precipitation of the basin. Several tests for consist-

which they deﬁned the sample entropy, which is a modiﬁ-

ency, randomness, trend and best-ﬁt probability distribution

cation of approximate entropy. Costa et al. () deﬁned

function are applied to investigate characteristics of the

and applied multi-scale entropy, which is based on sample

annual precipitation. Due to the north-south oriented

entropy and is effective in analyzing the complexity of

mountains, a relatively sharp decline in precipitation from
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west to east can be compared to the gradual decline in precipi-

transform and wavelet-entropy measure are brieﬂy reviewed,

tation from north-south due to the smooth change in terrain.

and then the study area is introduced. Human activities and

The aforementioned study aimed at identifying the structural

climate change impacts in the study basin are discussed

characteristics of annual precipitation but it did not sufﬁ-

and investigated using wavelet-entropy measure in the follow-

ciently address the effect of other hydrological time series

ing section. Concluding remarks are presented in the ﬁnal

on annual precipitation. Given that the uncertainty changes

section of the paper.

in a hydrological time series can inﬂuence the other time
series, it is extremely crucial to survey the mutual interdependency of a couple of time series with regard to an uncertainty

METHODS

analysis method such as wavelet-entropy.
According to the mentioned works, it can be concluded

Wavelet transform

that the wavelet-entropy measure is a new and efﬁcient
index to determine the complexity of time series, especially

The wavelet transform has increased in usage and popularity

hydrological time series. Therefore, the intention of the

in recent years since its inception in the early 1980s, yet it

present study is to investigate the impact of temperature,

still does not enjoy the widespread usage of the Fourier

rainfall and output discharge changes on the decline in

transform. Fourier analysis has a serious drawback. In

the groundwater level of Silakhor plain aquifer using the

transforming to the frequency domain, time information is

wavelet-entropy measure. Since the time series of the

lost. When looking at a Fourier transform of a signal, it is

hydrological processes are very complicated, using wavelet

impossible to tell when a particular event took place but

transform and decomposing time series into its sub-signals

wavelet analysis allows the use of long time intervals

can lead to an accurate understanding of short- and long-

where we want more precise low-frequency information,

term behavior of the time series (Nourani et al. ).

and shorter regions where we want high-frequency infor-

Wavelet transform provides useful decompositions of main

mation. Figure 1 compares Fourier transform and wavelet

time series so that wavelet-transformed data can improve

transform.

the ability to analyze time series by capturing useful infor-

In the ﬁeld of earth sciences, Goupillaud et al. (),

mation on various resolution levels (Rajaee et al. ;

who worked especially on geophysical seismic signals, intro-

Nourani et al. ; Komasi & Sharghi ).

duced the wavelet transform application. A comprehensive

The other sections of this paper are organized as

literature survey of wavelet in geosciences can be found in

follows. In the next section, the concepts of wavelet

Labat (). As there are many good books and articles

Figure 1

|

Comparison of Fourier and wavelet transforms.
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(3)

scale wavelet transform of a continuous time signal, x(t), is
where m and n are integers that control the wavelet dilation

deﬁned as (Mallat ):

1
T(a, b) ¼ pﬃﬃﬃ
a

þ∞
ð

∞



tb
x(t):dt
g
a

and translation respectively; a0 is a speciﬁed ﬁned dilation
step greater than 1; and b0 is the location parameter and
(1)

must be greater than zero. The most common and simplest
choice for parameters are a0 ¼ 2 and b0 ¼ 1. This power-oftwo logarithmic scaling of the translation and dilation is

where * corresponds to the complex conjugate and g(t) is

known as the dyadic grid arrangement.

the wavelet function or mother wavelet. The parameter a
acts as a dilation factor, while b corresponds to a temporal

Wavelet-entropy measure

translation of the function g(t), which allows the study of
the signal around b. The main property of wavelet transform

As a complexity criterion, in this paper, wavelet-entropy is

is to provide a time-scale localization of processes, which

used to measure complexity, which is able to handle differ-

derives from the compact support of its basic function.

ent time scales at different resolutions in time series with

This is opposed to the classical trigonometric function

different spatiotemporal characteristics as a multi-scale

of Fourier analysis. The wavelet transform searches for

analysis. For computing wavelet-entropy, time series are

correlations between the signal and wavelet function. This

decomposed in the same level using wavelet transform;

calculation is carried out at different scales of a and

then, wavelet-entropy and related energies in each level

locally around the time of b. The result is a wavelet coefﬁ-

are obtained. Finally, the multi-scale entropy is measured.

cient (T(a,b)) contour map known as a scalogram. So

The energy at each resolution level as m ¼ 1, 2, 3, …, M,

the original signal may be reconstructed using the inverse

will be the energy of the detailed signal (Rosso et al. ):

wavelet transform as:
Em ¼ krm k2 ¼
x(t) ¼

1
cg

þ∞
ð ∞
ð

∞ 0

1
pﬃﬃﬃg
a




tb
da  db
T (a, b)
a
a2

X

jCm (n)j2

(4)

n

(2)

where Cm and n are current partial coefﬁcients and the
number of current coefﬁcients in scale m, respectively and
the total energy will be (Rosso et al. ):

For practical applications, the hydrologist does not have
at his or her disposal a continuous-time signal process but

Etotal ¼

XX
m

rather a discrete-time signal. A discretization of Equation

n

2

jCm (n)j ¼

X

Em

(5)

m

(2) based on the trapezoidal rule may be the simplest discretization of the continuous wavelet transform. This transform
2

produces N coefﬁcients from a data set of length N; hence

Wavelet energy can be normalized as below which represents the relative wavelet energy (Rosso et al. ):

redundant information is locked up within the coefﬁcients,
which may or may not be a desirable property. To overcome
the mentioned redundancy, logarithmic uniform spacing

ρm ¼

Em
Etotal

(6)

can be used for the a scale discretization with correspondingly coarser resolution of the b locations, which allows

Entropy has been considered as a criterion of the degree

for N transform coefﬁcients to completely describe a

of uncertainty, tranquility and redundancy. Ranging from

signal of length N. Such a discrete wavelet has the form

zero to one, the greater value of ρm indicates the high
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degree of ﬂuctuation of a variable (so-called uncertainty)

is high, resulting in extreme ﬂuctuation of the time series.

and vice versa. It is noteworthy to mention that the physical

On the other hand, the higher the entropy value of a time

meaning of different values of entropy measure is inter-

series is, the higher inﬂuence of the time series value to

preted as follows: when the occurrence probability

other related time series has. This concept can be derived

(historical frequency) of a phenomenon in a special period

from Equation (7).

is low, the uncertainty of the aforementioned phenomenon

In static signals, it is possible to use the entropy concept
for measuring the relative complexity. If the entropy of time
series is high and contains more random values and more
irregularity, they will have higher complexity. Entropy has
been used to deﬁne the wavelet-entropy (Rosso et al. ).
WE ¼ 

X

ρm  Ln[ρm ]

(7)

m

where ρm is deﬁned in Equation (6). Thus, the waveletentropy is considered as an indicator to measure the
degree of signal complexity and uncertainty of a phenomenon (Rosso & Mairal ). Figure 2 presents the ﬂow
chart to calculate the wavelet-entropy measure schematically. As shown in Figure 2, time series are decomposed
into sub-signals with various resolution levels by wavelet
transform; then, the normalized energy of each sub-signal
is calculated. Finally, wavelet-entropy measure is obtained
with respect to the normalized energies using Equation
(7). It is notable that there are different irregular mother
wavelets such as Haar, db2, sym3 and coif1 (Komasi &
Sharghi ) which are shown in Figure 3. In this study,
Figure 2

|

Schematic structure of calculating wavelet-entropy measure.

Figure 3

|

(a) Haar, (b) Db2, (c) Sym3, (d) Coif1, (e) Mexican hat, (f) Morlet.
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the signal ﬂuctuations of the hydrological process, particu-

by 2014, it was approximately 1,497.63 m. It is obvious

larly the groundwater level ﬂuctuations. Further details

that in recent years, the mean groundwater level of this

about the physical understanding of mother wavelet

plain faced an unprecedented decrease of about 3 m

functions are provided in Komasi & Sharghi ().

due to human activities and climate change impacts. The
signal ﬂuctuations of the hydrological process are highly
non-stationary and operate under a large range of scales

CASE STUDY

varying from one day to several decades; therefore, eliciting
information from the groundwater level ﬂuctuations based

Silakhor plain is the largest ﬂat land in Lorestan province,

on just investigating the initial, ﬁnal and mean values of

Iran, covering an area of 819 km2 (Figure 4). It is located in

the groundwater level time series does not make any sense

the northeast of Lorestan consisting most of the populated

in reality. Therefore, the objective of the present paper is

parts of Borujerd, Dorud and Azna counties. Silakhor plain

to investigate concepts and measures to achieve a clear

is a grassland plain expanding from northwest to southeast

and true interpretation regarding the groundwater level

along the elevated reliefs of Zagros Mountains. It is an

and other hydrologic time series. As mentioned before,

upper section of Karun River’s basin and its elevation

wavelet transform provides useful decompositions of

varies between 1,437 and 3,845 m above sea level. Silakhor

main time series. The wavelet-based decomposition of non-

plain plays a key role in agriculture and horticulture. The

stationary time series into different scales provides an

Silakhor plain is composed of two main substances: lime

interpretation of series structure and extracts considerable

and transformed-igneous. The main formations of the

knowledge about its history in time and frequency domains

region in its west and northwest are lime and carbonate

(Rajaee et al. ; Nourani et al. ). To accomplish this

formation with many cracks and slits, while on the eastern

aim, the mean groundwater level time series are divided

and southeastern of this aquifer, more granite and gneiss

into 68-month three sub-series and each time sub-series

and transformed, igneous formation could be found. The

is decomposed to multiple frequent time series by the

dominant land use in Silakhor plain is agriculture.

db2 mother wavelet with decomposition levels 1 to 5. It

The statistical characteristics of Silakhor plain are

is worth noting that after decomposition level of 5, the

categorized in Table 1. The monthly rainfall, groundwater

normalized energies (i.e. ρm) tend to 1 and as a result, the

level changes, temperature and watershed output discharge

expressions of Ln[ρm] become zero. Meanwhile, as illus-

time series used in this study for 1997–1998 to 2013–2014

trated in Figure 9 the reason for using the db2 wavelet

(204 months) are presented in Figures 5–7.

function is the comparative similarity between this wavelet

It is worth noting that the aquifer of Silakhor plain is

function signal shape and the ﬂuctuations of the rainfall

a semi-conﬁned aquifer surrounded by an aquitard. There

and discharge time series compared to Haar, Coif1 and

are 11 different regions in this plain. Each region includes

Sym3 wavelet functions (Figure 3). Figure 9 shows the

one piezometer measuring the piezometric level of the

random part of the ﬂuctuations in these time series.

groundwater (Figure 8). As a result, the groundwater level

To analyze the complexity of groundwater level time

changes time series of Silakhor plain is calculated from

series, wavelet-entropy measure is employed. In this way,

the average of the water level in these piezometers.

the normalized energy (ρn) was calculated for each decomposed time series (levels 1 to 5). Finally, a wavelet-entropy
measure was obtained for each three sub-series using

RESULTS AND DISCUSSION

MATLAB programming. The results are presented in
Table 2. Figure 10 illustrates the wavelet-entropy measure

The groundwater level time series analysis

changes in three 68-month periods.
As illustrated in Table 2, wavelet-entropy measure faces

As can be seen in Figure 5, the mean groundwater level of

a reduction of about 11/73% in the third time period. The

Silakhor plain was approximately 1,500.64 m in 1997 and

decrease in wavelet-entropy measure in a period of time is
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trends have accrued in the groundwater level of Silakhor

Statistical characteristics for case study

plain and the main aim is to assess the causes of this unfa-

Monthly time series

Max

Min

Mean

Variance

Mean groundwater level (m)

1503.2

1496.3

1499.7

5995

change factors. It is noteworthy that the normalized

Rainfall (mm)

255.2

0

42.8

184

Temperature ( C)

6

energy in the decomposition level 5 is increasing suddenly

29.9

15.1

63

Output discharge (m3/s)

482.2

6.4

57.4

249

vorable event through human activities and climate

for each sub-series.

Effects of human activities and climate change factors
considered as an unfavorable trend in time series. On the
other hand, the aforementioned reduction indicates the

In recent years, different human activities such as dam con-

complexity decrease or the decrease in ﬂuctuations time

structions and agricultural irrigation, changes in cropping

series of the third time period. As a result, unfavorable

pattern and cropping products such as rice that were not

Figure 5

|

Rainfall and groundwater level changes time series of Silakhor plain.

Figure 6

|

Temperature time series of Silakhor plain.
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Output discharge time series of Silakhor plain.

Figure 8

|

The GIS map of piezometers in Silakhor plain.
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compatible with the regional climate conditions, have led

indirectly, respectively. Figure 11 illustrates the high density

to high water requirements. As a result, over-exploitation

of drilled wells in this plain. According to this GIS map,

of groundwater and surface water has resulted in the

1679 wells have been drilled in Silakhor plain. As a result,

groundwater level reduction of Silakhor plain directly and

the aquifer is excessively being mined, which directly
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The comparison between db2 wavelet function and rainfall, temperature and
discharge time series.

Table 2

|

Wavelet-entropy measure calculation for groundwater level time series

68-month three sub-series
Figure 11

|

Location of drilled wells in Silakhor plain.

Normalized energy of

First

Second

Third

decomposed time series

sub-series

sub-series

sub-series

ρ1

0.000125

0.000319

0.000217

This section aims to classify human and climatic reasons

ρ2

0.000722

0.002441

0.001165

that have indirectly affected the declining groundwater level.

ρ3

0.003428

0.008336

0.009348

As mentioned above, different human activities result in

ρ4

0.003751

0.010765

0.009489

the output discharge ﬂow reduction of Silakhor plain. To

ρ5

0.99197

0.97814

0.97978

accomplish this aim, output discharge time series represent-

Wavelet-entropy measure (WE)

0.09983

0.12756

0.11259

ing human activities factors (Nourani et al. a, b) and

Percentage changes

–

27.77%

11.73%

rainfall and temperature time series of Silakhor plain repre-

Note: The wavelet-entropy measure is a dimensionless parameter.

senting climate change factors (Nourani et al. a, b)
are divided into three 68-month sub-series and each time
sub-series was decomposed to multiple frequent time series
by the db2 mother wavelet with decomposition levels 1
to 5 as in the previous section. Finally, wavelet-entropy
measure was calculated for three sub-series of rainfall,
temperature and output discharge signals. The results are
presented in Tables 3–5. Figure 12 exhibits the waveletentropy measure changes in three 68-month periods for
rainfall, temperature and output discharge signals.
As mentioned above under ‘Wavelet-entropy measure’,
to decompose each sub-series, the db2 mother wavelet was

Figure 10

|

Wavelet-entropy measure changes in three different periods for groundwater
level time series.

used due to its resemblance to the signal ﬂuctuations of
the hydrological processes such as rainfall, temperature
and output discharge time series. It appears from Table 3

contributes to the water level decline. It is obvious that

that the wavelet-entropy measure for the plain rainfall time

groundwater exploitation plays a direct role in the decline

series has a reduction of about 13% in the third time

of groundwater level.

period. Hence, a 13% reduction of ﬂuctuations occurred in
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Wavelet-entropy measure calculation for rainfall time series

68-month three sub-series
Normalized energy of

First

Second

Third

decomposed time series

sub-series

sub-series

sub-series

ρ1

0.023803

0.024031

0.01974

ρ2

0.013089

0.045677

0.036965

ρ3

0.056131

0.098165

0.072813

ρ4

0.015506

0.028087

0.028483

ρ5

0.89147

0.80404

0.842

Wavelet-entropy measure (WE)

0.47441

0.73412

0.6363

Percentage changes

–

55%

13%

Figure 12

|

Wavelet-entropy measure changes in three different periods of rainfall,
temperature and output discharge time series.

increase and 10.5% decrease in the second and third time
period respectively), it may not have a signiﬁcant impact
Table 4

|

Wavelet-entropy measure calculation for temperature time series

on the groundwater declining as compared to other factors.
Data from Tables 3 and 4 can be compared with the data in

68-month three sub-series

Table 5 which shows the remarkable reduction (71%) in the
Normalized energy of

First

Second

Third

decomposed time series

sub-series

sub-series

sub-series

ρ1

0.000497

0.000762

0.000419

ρ2

0.006138

0.00628

0.006006

ρ3

0.05269

0.039564

0.038022

ρ4

0.010216

0.02633

0.019382

ρ5

0.93046

0.92706

0.93617

Wavelet-entropy measure (WE)

0.30402

0.33107

0.29648

Percentage changes

–

9%

10.5%

wavelet-entropy measure in the third time period of output
discharge time series as compared to rainfall and temperature time series. Figure 12 provides a better understanding
of wavelet-entropy changes in the current time series.
The differences between wavelet-entropy measure
reductions in the third time period are highlighted in
Figure 12. According to this ﬁgure, the wavelet-entropy
measure reduction, which indicates the reduction of
ﬂuctuations or complexity for the output discharge time
series of Silakhor plain, is much more than the other time

Table 5

|

Wavelet-entropy measure calculation for output discharge time series

hydrological series in the third time period (since 2008–
2014). As shown in Figure 10, in this period of time, an

68-month three sub-series

unfavorable trend occurred in the groundwater level due
Third
sub-series

to the decreased complexity. Therefore, with respect to the

Normalized energy of
decomposed time series

First
sub-series

Second
sub-series

ρ1

0.014705

0.013552

0.002705

discharge in the third time period, runoff discharge changes

ρ2

0.022404

0.04281

0.011389

and therefore water penetration changes could be con-

ρ3

0.044648

0.10664

0.015655

sidered as the dominant reason for the groundwater

ρ4

0.012512

0.087381

0.017352

elevation decrease in Silakhor plain aquifer. On the other

ρ5

0.90573

0.74962

0.9529

hand, human activities (e.g. dam constructions and agricul-

Wavelet-entropy measure (WE)

0.49946

0.8609

0.24836

tural irrigation, changes in cropping pattern, industrial

Percentage changes

–

72%

71%

development, indiscriminate digging of wells, etc.) play a

signiﬁcant decrease in wavelet-entropy measure for output

more striking role in output discharge manipulation than
the climate change factors such as rainfall and temperature
the third time period of the rainfall time series. Also, Table 4

changes. Another proof of this claim is the absence of signiﬁ-

indicates that due to the slight changes of the wavelet-

cant changes in the average rainfall of this plain according

entropy measure for the temperature time series (9%

to the dotted line in Figure 5.
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CONCLUSIONS
Groundwater level reduction due to lack of water resources
management is considered as a serious threat to human
society and the environment. As a result, detecting the most
dominant reasons in exacerbating the effects of groundwater
level reduction needs to be addressed urgently. In this study, a
multi-scale wavelet-entropy method is applied to groundwater
level, rainfall, temperature and output discharge time series of
Silakhor plain in order to detect the relationship between
groundwater level decline and human and climatic changes.
In this case, output discharge represents the factor of
human activities and rainfall and temperature represent the
factors of climate changes. In this way, these time series of
Silakhor plain are divided into three 68-month sub-series
and each time sub-series was decomposed to multiple frequent time series by the db2 mother wavelet with
decomposition levels 1 to 5. Finally, wavelet-entropy measure
was calculated for each sub-series. The results show that the
wavelet-entropy measure for mean groundwater level time
series faces a reduction in the third time period and this
event is the sign of the occurrence of an unfavorable event
in the groundwater time series. In this period of time, the
wavelet-entropy measure for rainfall, temperature and
output discharge time series faces a decrease but the major
ﬁnding was that the wavelet-entropy reduction for output discharge time series is more signiﬁcant than the other time
series in the third time period (since 2008–2014). As a
result, the most striking observation to emerge from the
data comparison was the preference of the human activities
factors as compared to the climate change factors in the
groundwater level decline of Silakhor plain.
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