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Abstract 
This work presents a statistical study between satellite 

observed very low frequency (VLF) events and 

earthquakes. We have observed strong VLF turbulences 

under geomagnetic quiet conditions, but during cascading 

earthquakes, implying the possibility of a seismic – 

ionospheric connection, although the exact connection 

mechanism is yet to be identified.   

 

1 Introduction 
 

Earthquakes cause thousands of casualties and many 

millions of dollars worth of property damage every year. 

Therefore, there has been long interest in methods of 

predicting earthquakes. The first step in predicting 

earthquakes is finding the correct precursor signal. The 

scientific community has been working on identifying 

these seismic precursor signals in multiple frequency 

ranges including very low frequencies (3 kHz– 30 

kHz)[1,2] Despite years’ worth of studies, the topic of 

predicting earthquakes using VLF signals is still under 

debate.  

 

In this paper, we present statistical observations of VLF 

emissions (especially VLF turbulences and lower hybrid 

resonance) during cascading earthquakes. The VLF 

observations were observed by the radio receiver 

instrument (RRI) on the enhanced polar outflow probe (e-

POP)[3,4]. The earthquake data were extracted from the 

USGS Earthquake database [5].  

 

2 Data  
 

The steps involved in the data collection and data analysis 

process were as follows; 

Step 1: extract VLF events from the satellite database.  

Step 2: identify the earthquakes in the vicinity within 24 

hours, corresponding to each satellite event.  

Step 3: analyze spatial relationships. 

Step 4: analyze temporal relationships. 

 

The VLF signals were observed by the radio receiver 

instrument (RRI) on the enhanced polar outflow (e-POP) 

satellite. The RRI contains four 3m monopole antennas 

which can be configured in the monopole or dipole mode. 

While it is in the dipole mode, collects in-phase and 

quadrature data. All the observations used in this study 

were collected while RRI was operating in the dipole 

mode. From the satellite database hosted by University of 

Calgary [4], we extracted the VLF events which contains, 

VLF turbulences and lower hybrid resonance (LHR).  

Table 1 below records the number of VLF observations 

analyzed for seven years.   

 

Table 1: Number of VLF events extracted from the e-POP 

database from 2014 through 2020.  

 

 

 

 

 

 
 

 

 

 

 

 

Once the VLF data were extracted, we queried the USGS 

earthquake database, for earthquakes occurring within the 

same day (24 hours) as the VLF observation, in a circular 

region with a 1000km radius centered on the geographic 

location of the VLF observation, and with a minimum 

magnitude of 2.5 [5].  

 

3 Results  
Following figures summarize the results obtained for 2014.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Year Number of ELF/ VLF events

2014 79

2015 85

2016 63

2017 136

2018 237

2019 340

2020 211

 
Figure 1: A map showing the geographical locations 

of satellite observations of strong VLF signals in 2014. 

The map shows the locations of 61 events (blue) with 

no associated earthquakes and 18 events with 

earthquakes occurred on the same day (24 hours). 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures and Tables 

 

5.1 Figures 
 

Figures should include a caption beneath the figure (in 

Times Roman 10 pt.) and the caption should include the 

Figure number in bold. Figure 1 provides an example.  

 

5.2 Tables 

 
Likewise, tables should include a caption (in Times Roman  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 Conclusions 
Our results suggest a connection between VLF turbulences 

and lower hybrid resonance during cascading earthquakes. 

One factor considered here was the planetary Kp index, 

which gives a measure of geomagnetic conditions. On the 

majority of days VLF turbulences were observed under 

geomagnetic quiet conditions, indicating an aftereffect 

from the strong cascading earthquakes. Currently, we are 

in the process of identifying the connective plasma 

mechanism between seismic and VLF events.  
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Figure 2: Temporal relationship between strong VLF 

events and earthquakes for 2014. Red asterisk 

indicates the time of the strong VLF event from 

satellite observations. Blue vertical lines show the 

time-span between the first and last earthquake within 

24 hours. Number of earthquakes are indicated for 

each day in Black.  

   

 
Figure 3: Geomagnetic conditions corresponding to 

the 18 days of interest. The results are a mix of quiet 

days and disturbed geomagnetic conditions.  

   


