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A study to find ionospheric Total Electron Content (TEC) anomaly around various earthquake days that occurred 
during January, 2016 to March, 2017 in the South East Asian region has been undertaken. Large magnitude shallow 
earthquakes have only been considered. In the study, VTEC data from IGS network has been analyzed with the help of 
IONOLABTEC software tool. The analysis has been done based on IGS stations that fall within Dobrovolsky Radius of 
each earthquake. The analysis has included geo magnetically quiet days only to take out all non-seismic effects in the 
ionosphere. The analysis has shown TEC irregularity few days around almost all earthquake events. 
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1 Introduction 
Sensing of seismic-origin electromagnetic waves in 

the ionosphere through coupling via atmospheric 
layers and resulting anomaly in the ionization state of 
ionospheric region has a long history and goes back to 
as early as the 1920s and has been progressively 
established through multitude of evidences gathered 
over a long time and across many earthquake events1-3. 
Though initially, the reasons for such perturbations of 
the Ionosphere has not been clear, now many such 
mechanisms for propagation of seismically generated 
effects into the Upper Atmospheric Region has been 
proposed4-6. As mentioned frequently in literature, the 
electromagnetic phenomena have been distributed 
from ULF to VHF frequency region. The ionosphere, 
or plasma sphere, as called by many, is a layer of the 
atmosphere dominated by the presence of ionized 
particles that affect signal propagation through them 
by causing dispersion, delay, depolarization or 
amplitude and phase scintillation of the signal. 
Ionosphere is also influenced by various external 
disturbances i.e, solar activities like solar wind, 
coronal mass ejection, solar flares as well as 
geomagnetic activities7,8. After satellite remote 
sensing came into picture, many researchers have 
used this technique to validate such precursory 
signatures. The satellite-based observation of thermal 
anomaly, TEC values and other parameters gives a 

unique chance to observe earthquake precursory 
effects without disturbances and periodically9. 

2 Methodology 
 

2.1 Earthquake, Observation area, Observation period and 
IGS station selection 

For getting earthquake information, interactive 
portal of USGS Earthquake Browser10 was used. In 
this exercise, earthquakes were chosen in three steps, 
first their Magnitude and Depth, only those 
earthquakes were chosen which were in magnitude 
more than 6.0 in Richter Scale and Shallow i.e, Those 
whose depth is maximum of 250 Km. Then, the 
period of observation was chosen. Earthquakes were 
chosen from 1 January 2016 to 14 March 2017. Then, 
the area of observation was chosen. For this study, the 
area around the South Eastern Asian Island region, 
especially the landmass covering South China Sea 
(Peninsular Malaysia, Indonesia, Mayanmar, 
Thailand, Vietnam, Combodia, Laos) and Andaman 
Sea (Singapore).  

The whole Indian sub continental region was also 
considered. In latitude and Longitude extents, the area 
is from -11.492 °S to 35.889 °N and 67.148 °E to 
122.695 °E. This region is quite earthquake prone as 
there are many active faults in the region. Also, the 
earthquakes in this region have been found to be of 
higher magnitude11 (More than 6.0 Richter Scale) and 
Shallow (Depth less than 50 Km). Total 14 
earthquakes were found meeting all given criteria 
during the observation period. Their Map is as shown 
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Table 1

Sr. No. Station 
Code 

01 LCK4 
02 HYDE 
03 IISC 
04 SGOC 
05 DGAR 
06 LHAZ 
07 KUNM
08 XIAN 
09 JNAV 
10 CMUM
11 PBRI 

Table 2 — De

Sr. No. 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 

EBNATH: ANA

In the Map,
d Magnitude 
been mention

the selected
ap of Interna
 obtained. Th

worldwide 
vers’ data. Th
tained from I

mporal multi-st
ed. The GPS 
as been docu
Table 1 lists th

on Area determ
Quiet days selec
ext step, Do
was computed
ெ 
dius of earth

by R and 

1 — List of IGS 

 Sr. No. S
C

12 C
13 E
14 A
15 S
16 B
17 J

M 18 D
19 X
20 T

M 21 C
22 K

escription of Eac

Earthquake L
Long & Mag

6.15,92.3, 6.0
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station that gives a base for statistical comparison. For 
this purpose, at least 5 quiet days has been taken in an 
interval starting one month before and ending 10 days 
after each earthquake. Standard deviation (σ) of these 
days has also been calculated and two plots giving m±2σ 
has been obtained. The days around earthquake have 
been compared with these three plots. Any day’s VTEC 
values, if found beyond the m±2σ margin, has been 
considered to be abnormal and anomalous16. Table 3 
summarizes these things. 
 

2.3 Calculation of VTEC at IGS Site that are close to 
Earthquake Epicentre with IONOLABTEC V1.25 

The major work in the study has been anaysis of 
VTEC values against mean values. For this, daily 
VTEC files for each station has been obtained with 
the IONOLAB TEC tool. It is an open-source 
software freely downloadable from the official webite 
of Ionolab group17. The IONOLAB is a group of 
electrical engineers and scientists of various study 
areas, mainly from from Hacettepe University, Bilkent 
University of Turkey, getting together to do research in 
the challenging area of the earth’s ionosphere. Mainly, 
they give space weather services related to the 
Ionosphere at their comprehensive web portal 
http://www.Ionolab.org for the research community. 
They provide various tools for helping researchers with 
value added outputs and easy coputational analysis to 
aid their work related to ionosphere, like IONOLAB 
TEC, IRI-Plas, IRI-Plas HmF2, FoF2, TEC/W-Index 
Maps, IRI Plas STEC Service17. With the IONOLAB-
TEC tool17, we computed the VTEC files for each IGS 
Station for all the days mentioned in Table 3. These 

VTEC values against time has been plotted using 
MATLAB software. These plots are then analyzed to 
capture irregularities in the VTEC values of stations 
following the procedure mentioned in literature19,20. 
 

3 Results 
With the analysis, different varieties of results were 

obtained. Some results show strong anomaly in VTEC 
values few days prior to Earthquake events while for 
some earthquake, not much anomaly was found. It 
was, in general, observed that VTEC anomaly was 
found for larger magnitude earthquakes in general 
(6.5 magnitude and above) and in stations which are 
close to the earthquake epicentre. Figure 2 show one 
such anomalous VTEC trend obtained.  
 

4 Discussion 
As it is clear from the table above, VTEC anomaly 

is not seen uniformly for all incidents, however, for 
some incidents, it is marked. Also, anomaly has been 
seen in many forms. Sometimes, the VTEC value has 
peaked above normal limits a few days before the 
earthquake, sometimes an oscillatory nature of VTEC 
variation have been found where alternate days have 
shown increasing and decreasing trend. In some cases, 
multiple peaks have been observed. Also, sometimes, 
the timing of peaking of VTEC has shifted to an earlier 
or later time in a day. However, it is worth noting that 
the anomalous effect has not been seen for stations 
which were a long way outside dobrovolsky radius for 
each earthquake epicentre which shows a spatial limit 
of propagation of such effects. This may be used to 
identify  the  epicentre  of  earthquakes  by  continuosly 

Table 3 — List of IGS Sites analyzed for each earthquake based on Dobrovolsky Radius , Geomagnetic Quiet days considered for each 
earthquake and Quiet days considered for calculation of mean and standard deviation of VTEC value 

Sr. No. Eq. Day(T) Days (T-10 Days, T+5 Days) Site(s) Analyzed Q-Days (T-10 to T+5) Days taken for calculating mean 
(T-30 to T-10) 

01 2017-03-14 2017-03-05 to 2017-03-19 PBRI 13,14,16,17,18,19 2017-02-14,15,21,25,26 
02 2016-12-29 2016-12-20 to 2017-01-03 JOG2 30,2 2016-11-29, 2016-12-

1,2,3,4,5,13,14 
03 2016-12-06 2016-11-28 to 2016-12-11 PBRI 28,5,6,7,8 2016-11-6,7,16,17,18,19,20 
04 2016-08-24 2016-08-15 to 2016-08-29 CUSV 15,16,19,20,22,27,28 2016-07-26,27,30,31, 2016-08-01 
05 2016-06-09 2016-05-30 to 2016-06-14 JOG2 1,2,3,4,9 2016-05-11,12,13,20,22,24 
06 2016-06-01 2016-05-21 to 2016-06-06 JOG2 23,24,25,26,1,2,3,4 2016-05-04,05,11,12,13 
07 2016-05-31 2016-05-21 to 2016-06-05 JOG2 23,24,25,26,1,2,3,4 2016-05-04,05,11,12,13 
08 2016-04-13 2016-04-04 to 2016-04-18 PPPC 9,11,18 2016-03-13,22,24,25,26 
09 2016-04-13 2016-04-04 to 2016-04-18 JOG2  9,11,18 2016-03-13,22,24,25,26 
10 2016-04-06 2016-03-28 to 2016-04-11 JOG2, XMIS 31,1,9,11 2016-03-09,13,22,24,25,26 
11 2016-03-02 2016-02-20 to 2016-03-07 CUSV, JOG2, XMIS 20,21,22,25,27,28,29,3,4,5 2016-02-02,04,10,20 
12 2016-12-29 2016-12-19 to 2017-01-03 JOG2, XMIS 30,2 2016-11-29, 2016-12-1, 2, 3, 4, 5, 

13,14 
13 2016-02-05 2016-01-27 to 2016-02-10 TCMS 27,29,30,2,4,10 2016-01-15,16,17,18,25,26 
14 2016-01-03 2015-12-25 to 2016-01-08 LHAZ 28,29,30,4 2015-12-03,04,13,16,17,18 
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monitoring the stations in which anomaly is being seen 
and connecting them to get a circular region and 
reverse calculating from the Dobrovolsky equation. But 
for this method, the magnitude of the earthquake is also 
required. For this, further study has to be done whether 
the anomaly magnitude is related to magnitude of 
earthquake in any way. Also, for many earthquakes, no 
anomaly has been found though they were both large in 
magnitude (6.9). This may be due to their high depth 
(136KM) and place of generation. Generally, 
earthquakes generated on the sea surface have been 
found to be more promising to leave a signature in the 
ionospheric region. Also, it has to be mentioned that 
due to non-availability of data from many IGS stations, 
a comparative analysis could not be done. 
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