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Abstract: A number of papers have reported on anomalous variation in ionospheric foF2 parameter and/or 

ionospheric total electron content (ITEC) in the vicinity of earthquake’s epicenter few days prior to the 

earthquake. In this work empirical dependency for the seismo-ionospheric disturbances relating the earthquake 

magnitude and the epicenter distance are obtained. They have been shown to be similar to those obtained 

earlier earthquakes. The dependences indicate the process of spreading the disturbance from the epicenter 

towards periphery during the earthquake preparation process. Large lead times for the precursor occurrence 

(up to 34 days for M=5.8–5.9) tells about a prolong preparation period. It is shown that different analyses of 

observed foF2 values lead to different conclusions regarding possible ionospheric precursors. Here we analyze 

the foF2 and ITEC observations over Greece prior to the three very large earthquakes of January 08, 2006, 

February 14, 2008 and June 08, 2008, using the wavelet based techniques. 
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I. Introduction 
 Earthquake is still an unpredictable natural disaster up to now, although there have been increasing 

interests in studying the ionospheric anomalies prior to earthquakes during the last three decades. Observation of 

ionospheric anomalies related to earthquake by ground-based equipment is a beneficial attempt to explore the 

impending earthquake prediction. The book of Ionospheric Precursors of Earthquakes, written by Pulinets and 

Boyarchuk [1], summarizes a large number obvious disturbance of the critical frequency observed by the 

ground-based ionospheric vertical sounding a few days before the quake.   

 Scientists observed anomalies appearing in electron densities of the ionospheric F-region few days 

before the strong earthquakes [2-3]. Liu et al. examined the ionospheric plasma frequency (or electron density) 

recorded by a local ionosonde and found that the critical frequency of the F2-peak (foF2), significantly 

decreased few days prior to       earthquakes in the Taiwan area between 1994 -1999 [3]. Ionosondes have 

been the most popular instrument probing the ionospheric electron density for more than seven decades [4]. 

Many results show anomalous behavior of ionospheric foF2 parameter few days before earthquake [5-12]. Xu et 

al. briefly present the observations of the giant perturbations in the ionosphere foF2 parameter prior to the 

Wenchuan earthquake and introduce the network of ground-based high-resolution ionospheric observation 

(GBHIO), using vertical and oblique ionosondes for monitoring seismo-ionospheric anomaly [13]. 

 The goal of this work is not to explain the possible connection between ionospheric anomalies and 

earthquakes, since this is still under debate in the scientific community. Our first goal is to demonstrate the 

variation of ionospheric foF2 parameter and Ionospheric Total Electron Content (ITEC) during earthquake 

occurred at Greece. Secondly, we shows some new results from the unpublished data and increase the reliability 

of the results of the farfield sites in the previous studies using Wavelet based techniques. The result shows some 

unusual perturbations foF2 and ITEC some days before the main shock. This anomalous behavior of 

perturbations may be used as earthquake precursor. 

 

II. Wavelet Analysis 
General overview of Wavelet analysis may be found in [14-16]. Wavelet analysis uses a time localized 

oscillatory function as the Mother Wavelet. Using the Mother Wavelet function )(t  the continuous wavelet 

transform of ionosphric parameter )(tf  is defined as:- 
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Where, 

a =dilation parameter 

 b = translation parameter 
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 = complex conjugate of )(t  

To ensure the existence of inverse wavelet transform mother wavelet satisfy the condition of admissibility given 

by- 
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Where )(F = Fourier transform of )(t  

The signal )(tf may be synthesized or reconstructed by an inverse wavelet transform of ),)(( bawf as defined 

by  
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 In practice discrete wavelet transform is used in which the dilation parameter a and the translation 

parameter b  are discrete. These procedures become much more efficient, if dyadic values of parameters a and 

b are used.  

                       
kba jj 2,2  Zkj ,                          …………………… (4) 

Where Z = set of positive integer  

For a special cases of )(t , corresponding discretized wavelets )(tjk is used, which is given by 

                          
)2(2)( 2 ktt j

j

jk                            ……………………. (5) 

Which constitute an orthogonal basis for )(2 RL [15], [17-18] 

 In discrete wavelet transform a signal can be represented by its approximations and details. The details 

at level j are defined as: 
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and approximation at this level  
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Its become obvious that  

       jjj DAA 1  

        And 



Jj

jj DAtf )(                               …………..………... (8) 

These equations provide a tree structure of a signal and also a reconstruction process for the signal. 

 

 

III. Data Selection 
 In this study data of ionospheric foF2 parameter and ionospheric total electron content (ITEC) were 

taken from NOAA’s National Geophysical Data Center (NGDC) available online at www.ngdc.noaa.gov. For 

the proper selection of Ionosnde station famous Dobrovolsky equation was used in this work. Analytically 

written as [19]: 

                                                                                  ρ =10
0.43M 

km                                         …………………. (9) 

              

 Where ρ is the radius of the earthquake preparation zone and M is the magnitude. The validity of the 

Dobrovolsky’s formula for estimating the size of a modified area in the ionosphere before earthquakes used [20] 

and [21]. 

 We have select three earthquakes near Athens ionosnde station for the study.The characteristics of 

these earthquakes were summarized in Table -1. 

 

 

 

 

http://www.ngdc.noaa.gov/
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Table-1 

Characteristics of Earthquakes 

SN Earthquake Date Epicenter Time M 
Depth 

(km) 

Name of nearest 

Ionosonde station 

Distance between 

epicenter and 

Ionosonde station 

1 

 

Greece-

southern 
08/01/2006 36.30°N,23.36°E 11:34:55 6.8 66 

Athens 

38°N,24°E 
197 km 

2 
Greece- 

southern 
14/02/2008 36.64°N,21.83°E 10:09:23 6.9 29 

Athens 

38°N, 24°E 
200 km 

3 

 

Greece-

peloponnese 
08/06/2008 38.02°N,21.46°E 13:25:00 6.4 16 

Athens 

38°N, 24°E 
222 km 

 

 In order to classify the effect of geomagnetic activity on considered parameter during the earthquake 

geomagnetic Dst index should be checked. It is collected from WDC Kyoto, Japan and OMINI web data server. 

According to international classification the geomagnetic disturbance classified as a magnetic storm if the Dst 

index exceeds the value of -51 nT [22]. The variation of Dst index for the month of January 2006, February 

2008 and May 2008 are shown in Fig. 1. It was noticed that for all earthquake Dst values were below the 

threshold level. 

 
(a) 

 
(b) 
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(c) 

Fig. 1 Daily variation geomagnetic Dst Index for the moth (a) January, 2006 (b) February, 2008 and (c) 

June, 2008 

 

IV. Case Study And Results 
 Analysis of ionospheric parameters revealed some anomalous common feature of ionospheric 

variability few days before main shock. These anomalies are expressed in terms of variation in ionospheric foF2 

parameter and Ionospheric Total Electron Content (ITEC). We present three cases of earthquakes in which 

ionospheric perturbations were observed. Results related to these earthquakes are described below. 

 

1.1 Greece – Southern Greece Earthquake occurred on January 08, 2006 

 The earthquake discussed took place on January 9, 2006, at 1:34 pm local time in Southern Greece 

(36.30°N, 23.36°E). Its depth was 66 km and the magnitude was M = 6.8.  Variation in foF2 (upper panel) 

parameter and ITEC (lower panel) was illustrated in Fig. 2. Discrete Wavelet Transform (DWT) of foF2 

parameter and ITEC were given in Fig. 3 (a) and Fig. 3 (b) respectively. In figure upper panel shows the 

variation in parameter middle and lower panel shows the variation in wavelet detail coefficient and values of 

selected wavelet coefficient on 2D graph. It gives abrupt change in ionospheric parameter six day (i.e. January 

04, 2006) before the earthquake. The Continuous Wavelet Transform (CWT) displays the scale-dependent 

structure, so that the CWT provides a view of the frequency versus time behavior of the signal and therefore has 

great potential as a preliminary tool for investigating wideband, non-stationary or other types of signals having 

time-dependent spectral characteristics. Fig. 4 (a) and 4 (b) shows the step by step mode of continuous wavelet 

1-D of foF2 and ITEC parameter. It is found that both parameters exhibit highly non-stationary nature before the 

earthquake. 
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Fig. 2 Variation of ionospheric foF2 parameter and ionospheric Total Electron Content (ITEC) during 

Southern Greece Earthquake occurred on January 08, 2006 

EQ  

EQ  
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Fig. 3 (a) Discrete Wavelet Transform of Ionospheric foF2 parameter during Southern Greece 

Earthquake occurred on January 08, 2006 

EQ Precursor 

EQ Precursor 

EQ Precursor 
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Fig. 3 (b) Discrete Wavelet Transform of Ionospheric Total Electron Content (ITEC) during Southern 

Greece Earthquake occurred on January 08, 2006 

EQ Precursor 

EQ Precursor 

EQ Precursor 



Detection of Seismo-ionospheric Anomalies using Wavelet based techniques 

www.iosrjournals.org                                                    81 | Page 

 
Fig. 4 (a) Continuous wavelet transform of Ionospheric foF2 parameter during Southern Greece 

Earthquake occurred on January 08, 2006

 
 

Fig. 4 (b) Continuous wavelet transform of ionospheric Total Electron Content (ITEC) during Southern 

Greece Earthquake occurred on January 08, 2006 

 

1.2 Greece-Southern Earthquake occurred on February 14, 2008 

 Strong and dangerous earthquake with recorded magnitude of 6.9 struck Southern Greece (36.646°N, 

21.833°E) on February 14, 2008 at 10:09:23 UTC. It was depth 29 km. Anomalous variation in foF2 and ITEC 

observed before six days from the main shock. Fig. 5 shows the variation of ionospheric foF2 parameter and 

EQ Precursor 

EQ Precursor 

EQ Precursor 

EQ Precursor 
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ITEC. Fig. 6 to 7 shows the wavelet analysis variation pattern for foF2 parameter and ITEC. Its was noticed that 

these parameters shows highly abnormal behavior at February 07, 2008 seven day before the main shock and it 

was also noticed that the signal shows non-stationary behavior during this time. 

 

 
Fig. (5) Variation of ionospheric foF2 parameter and ionospheric Total Electron Content (ITEC) 

using Southern Greece Earthquake occurred on February 14, 2008 

EQ 

EQ 
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Fig. 6 (a) Discrete Wavelet Transform of Ionospheric foF2 parameter during Southern Greece 

Earthquake occurred on February 14, 2008 

 

EQ Precursor 
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Fig. 6 (a) Discrete Wavelet Transform of Ionospheric total electron content (ITEC) parameter 

during Southern Greece Earthquake occurred on February 14, 2008 
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Fig. 7 (a) Continuous wavelet transform of Ionospheric foF2 parameter during Southern Greece 

Earthquake occurred on February 14, 2008 

 
Fig. 7 (b) Continuous wavelet transform of Ionospheric total electron content (ITEC) parameter during 

Southern Greece Earthquake occurred on February 14, 2008 
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V. Greece-Peloponnese Earthquake Occurred On June 08, 2008: 
A strong earthquake measuring 6.4 magnitudes on the Richter scale took place on June 08, 2008, at 

13:25 UT in Peloponnese Greece (38.029°N, 21.464°E). Its depth was 10.5 km.Variation of ionospheric foF2 

and ITEC parameters are shown in Fig. 8. The result of analysis was illustrated in Fig. 9 for discrete wavelet 

transform and Fig. 10 for continuous wavelet transform. Its shows highly abnormal behavior at June 01, 2008 

seven day before the earthquake and it is also noticed that the signal shows non-stationary behavior during this 

time. 

 

 
Fig. 8 Variation of ionospheric foF2 parameter and ionospheric Total Electron Content (ITEC) during 

Peloponnese Greece Earthquake occurred on June 08, 2008 

EQ 

EQ 
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Fig. 9 (a) Discrete Wavelet Transform of Ionospheric foF2 parameter during Peloponnese Greece 

Earthquake occurred on June 08, 2008 

EQ Precursor 

EQ Precursor 

EQ Precursor 



Detection of Seismo-ionospheric Anomalies using Wavelet based techniques 

www.iosrjournals.org                                                    88 | Page 

 
 

Fig. 9 (b) Discrete Wavelet Transform of ionospheric Total Electron Content (ITEC) during Peloponnese 

Greece Earthquake occurred on June 08, 2008 
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Fig. 10 (a) Continuous wavelet transform of Ionospheric foF2 parameter during Peloponnese Greece 

Earthquake occurred on June 08, 2008 

 
 

Fig. 10 (b) Continuous wavelet transform of Ionospheric foF2 parameter during Peloponnese Greece 

Earthquake occurred on June 08, 2008 
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VI. Discussion And Conclusions: 
 In this work the features of seismo-ionospheric variations registered by ground - based techniques that 

appear before the earthquakes have been demonstrated. These variations include the variation in ionospheric 

foF2 and ITEC parameters. The ionosonde measurements show ionospheric perturbations after the occurrence 

of the main shock. Also, these variations were independent of geomagnetic storm as the Dst values were quiet or 

moderate during these days with no geomagnetic storm during this period. The ITEC and foF2 measurements 

confirm that the ionosphetere was disturbed some days before the earthquake at greater distance from the 

epicenter. The ionospheric variations have been observed during the earthquakes using different parameters 

ITEC and foF2 obtained from different techniques. The area of the variations of ionospheric parameters is of the 

same order of magnitude as size of the earthquake preparation zone on the ground surface [19]. Thus the present 

detection of anomalies during the earthquakes leads us to believe that coordinate measurements of ground based 

observations of ionospheric parameters can help in reliable detection of ionospheric precursors with more 

observations obtained from several stations. 

 The ionospheric perturbations observed in the F-layer are the most important ones as it is the most 

dense and most dynamical layer of the ionosphere. Pulinets used the data of Alouette-1 and Intercoms -19 

satellites to study the variation in the critical frequency of F2 layer during earthquake [2]. They reported the 

formation of large - scale irregularities of electron concentrations in F2 region of the ionosphere during the 

preparatory phase of destructive earthquakes. The ground based ionospheric measurements using ionosonde 

shows strong anomalous disturbances in the ionosphere near the earthquake epicenter. The anomaly in the foF2 

data was found before three to nine days from the main shock. Chen et al. analyzed the foF2 data associated 

with M > 5 earthquakes and found the chance of observing the precursor within five days prior to the 

earthquakes [23]. The ionospheric precursors of earthquake and reported observed precursors some days prior to 

the main shock [1], [3]. The main cause of above observed ionospheric anomalies might be due to the upward 

propagation of seismogenic electric fields, which are initially generated near the surface of the earth during the 

earthquake preparation period [24]. This dynamical process modified the height distribution of electric 

conductivity and induced the additional electromotive force in the lower ionosphere by the closed global electric 

circuit in the earth ionosphere system. This modification leads to perturbation in the F- region ionosphere; so as 

to change in ITEC and foF2 values. This anomalous behavior may be used as earthquake precursors. 
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