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Abstract 

 
The Ultra Low Frequency (ULF) magnetic field observations and Total Electron Content (TEC) 

measurements have been carried out at Bichpuri, Agra station in India since 20 April, 2007. The seven months of 
nighttime data corresponding to the period 01 May-30 November, 2007 have been analysed. Six cases of unusual 
occurrence of ULF bursts in wide frequency range and corresponding depletion in TEC data have been found. Four 
cases of ULF burst satisfy the polarization parameter criteria (Z/X>1) and are believed to be caused by earthquakes 
(M>4.5) that occurred within 600 Km from the observing station.  

 
1. Introduction 

 
 It is now widely expected that the earthquake preparation processes consist of not only seismic but also 
electromagnetic events. Such electromagnetic phenomena could appear in wide frequency range, from DC upto 
MHz frequencies. However, the frequency band in Ultra Low Frequency (ULF) range (0.01-10Hz) has been found 
to yield more reliable precursors because of large skin depth, low attenuation rate, and relatively less contamination 
from other sources[1]. Keeping in view the relative importance of ULF range over others, several workers have 
studied ULF precursors of earthquakes thoroughly [2-4 and references therein]. 
 The electromagnetic coupling between lithosphere and ionosphere has attracted considerable attention in 
recent times and several workers have shown ionospheric precursors of earthquakes from ground and satellite based 
observations [4-6]. Considerable emphasis has been placed on Total Electron Content (TEC) measurements using 
Global Positioning System (GPS) [7-8]. It has been shown that smooth variation in TEC may be replaced by rapid 
fluctuation during various geophysical phenomena like solar flares and magnetic storms which may also appear as 
precursors to large magnitude earthquakes [9-10]. 
 The Agra station in India is equipped with four different types of experiments to study the electromagnetic 
precursors of earthquakes. These are measurement of vertical electric field emission with borehole antenna, ULF 
magnetic field observation with a search coil magnetometer, phase and amplitude monitoring of fixed frequency 
VLF transmitter signals, and TEC measurements with a GPS receiver. In this paper, we present the results of 
analysis of ULF and TEC data for a period of seven months from 01 May, 2007-30 November, 2007 and show 
simultaneous ULF and TEC anomalies related to some regional earthquakes which occurred within 600km from 
Agra station. 
 

2. Experimental Setup 
 

  The experimental setup for monitoring of ULF magnetic field emissions consists of three- component 
search coil magnetometer (f= 0.01-30Hz) procured from Lviv Centre of  Space Research, Ukraine. The three sensors 
of the magnetometer are buried 1m deep under ground in orthogonal directions and the data from each sensor are 
digitized at a sampling rate of 60 Hz and recorded for offline analysis. 
 The equipments related to TEC measurements are imported from USA which include L1/L2 GPS antenna 
(NOVATEL Model GPS702), a GPS receiver and relevant software. The receiver can locate upto 11 GPS signals at 
a time and the obtained values of TEC are slant TEC which are converted to vertical TEC using suitable mapping 



function at different Ionosphere Pierce Point(IPP) locations. The mean ionospheric height of 350km is used for the 
determination of IPP locations, which is found to validate for elevation angle>500 in a low latitude sector. 
 

3. Results and discussion 
 

 The ULF data have been analysed for nighttime (1800-0230h, LT) only in view of the fact that local 
electric and electromagnetic disturbances are low during this time. The analysis of the data for the period of seven 
months between 01 May, 2007-30 November, 2007 yield ULF anomalies on six occasions where the ULF 
amplitudes appear as bursts of duration ranging from few minutes to an hour. The frequency time spectrograms of 
these bursts show that they occur in wide frequency range upto 15Hz. Similar bursts have been reported by earlier 
workers also [1, 11, 12]. An example of the ULF burst recorded at 28 July, 2007 corresponding to the earthquake of 
01 August, 2007 is shown in Fig. 1. In order to determine the sources of these bursts we have carried out polarization 
analysis of the data [1] which shows that in four of the six cases the sources of the bursts are underground (Z/X>1) 
whereas in one case the source lies in the ionosphere and magnetosphere (Z/X<1). There is no data corresponding to 
remaining one case. It is interesting to mention here that in three of the four cases the bursts appear as precursors to 
earthquakes.  

 
Fig. 1 X - Component of the ULF burst recorded on 28 July, 2007 at Agra 

 
We then analyse the TEC data for the same period of seven months as above. The analysis shows that the TEC 
values are depleted in all the days during which ULF anomalies are recorded. The TEC analysis is carried out with 
statistical help in which mean and standard deviation around the mean are calculated and the results are examined 
graphically. An example of the TEC anomalies corresponding to the earthquake of 01 August, 2007 is shown in 
Fig.2.  
 
 
 
 
 
 
  
 
 
 
 
 
 
 

Fig.2 Variation of TEC corresponding to the earthquake of 01 August, 2007 observed at Agra 

 
Since there are no prolonged magnetic storm cases in the months considered above the question arises how did the 
ULF and TEC anomalies occur? One possibility which is known to cause such anomalies is the occurrence of 



earthquake and to examine this possibility we look into the earthquake data obtained from USGS for the period 
under consideration. We find that there are moderate to major earthquakes around all the days of ULF and TEC 
anomalies. In table 1 we give the details of these earthquakes along with the ULF and TEC anomalies. The table 
includes the dates of earthquakes and days of ULF and TEC anomalies. 
 

Table-1 Details of the ULF and TEC anomalies in relation to earthquakes 
 

 
ULF anomalies 

 
TEC anomalies 

 

Date of 
earthquakes 

 
 
 

Magnitude 
of 

earthquake 
and (depth, 

km) 
 

Distance 
from 

observing 
station 

       (km) 
Days 

before EQ 
Days after 

EQ 
Days before EQ Days after 

EQ 

05 May, 07 
22 July, 07 
01 Aug, 07 
09 Aug, 07 
04 Oct, 07 
25Nov, 07 

6.0 (9) 
5.1 (19) 
4.5 (10) 
4.5 (10) 
4.6 (10) 
4.7 (10) 

867 
408 
467 
504 
628 
172 

- 
- 
4 

No data 
3 
1 

 

3 
1 
- 

No data 
- 
- 

 

4(enhancement) 
5 (depletion) 
2 (depletion) 

.05(depletion) 
3(depletion) 
7 (depletion) 

 

- 
1-3 
2 
 

1-2 
- 

 
 

 
 
 
 
From table 1 it is seen that the precursory periods for the ULF anomalies are between 1 and 4 days whereas the same 
for TEC anomalies are between 2 and 7 days. In one of the cases the TEC values are found to be enhanced in 
contract to other days when the values are depleted. This case is on 05 May, 2007, the same on which ULF anomaly 
appears to have it source in the ionosphere and magnetosphere. Further, all the four cases in which ULF anomalies 
are observed correspond to the earthquakes whose epicenters are less then 628km and some of them have clear 
precursors to earthquakes. The TEC measurements also cover the same zone in the ionosphere as these of ULF 
measurements on the show, and hence there is a great possibility that both the observed anomalies are caused by the 
same source. The ULF anomalies associated with earthquakes have been discussed by many workers earlier [1,13] 
and microfracturing of earth crust is  attributed to be a possible mechanism for the generation of ULF emissions [14]. 
The electric field generated during earthquake preparation processes either due to radon emission are due to other 
reasons including internal gravity waves may penetrate the ionosphere and bring out the TEC anomalies [9,10].  
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