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Abstract

In the work we present results of  observation of the mid-scale vertical ionospheric irregularities  caused by Tohoku 
earthquake (11/03/2011, 05:47UT) at distance 3400km from epicenter with 1 minute temporary resolution. Their spatial and 
temporary dynamics is also investigated.  As showed the analysis of the experimental data, the main response of the 
ionosphere was observed at Irkutsk from 06:10UT to 07:00UT. Short-term variations of the electron density profile were 
also observed from 06:00UT. This corresponds to the main horizontal speed of disturbances about  4, 2-2.5 and 1.2-1.3 
km/s. The vertical scale of the irregularities was 10-20 km. Irregularities practically weren't observed at heights above 180-
200km.

1. Introduction

The Tohoku earthquake (11/03/2011, 05:47UT) is considered one of the most destructive earthquakes in XXI 
century. Mid-scale ionospheric disturbances after Tohoku earthquake have been widely studied by the dense network of 
GPS-receivers, located in Japan[1-3] and by using Hokkaido SuperDARN radar[4-5]. By using vertical ionospheric 
sounders, in the vertical profile of electron density there were observed short-lived vertical structures above Japan and 
Taiwan with a vertical scale 10-20 kilometers[6-7]. 

In this work we present similar ionospheric effects observed at distance 3400km from epicenter of an earthquake, 
in Irkutsk, Russia (52N,104E). The main instrument used in the analysis was bistatic CHIRP-sounder of own development 
of ISTP SB RAS. The CHIRP-sounder provides frequency change speed up to 1000 kHz/sec, and provides 1 minute 
temporal resolution, comparable with SuperDARN radars and GPS receivers network. The receiver and the transmitter of 
the sounder are located close to Irkutsk at distance 120 km between each other. Synchronization of time and frequency is 
provided by GPS. 

2. Observations summary

After Tohoku earthquake over the Irkutsk there were observed unusual disturbances in the ionogrames  that was 
corresponded to the presence of mid-scale vertical irregularities (Fig.1a-b). Fig.1b shows earthquake effects at ionograme 
(06:13UT), Fig.1a shows undisturbed ionosphere (05:59UT).  These observations is looking similar to the observations 
above Japan[7] and Taiwan[6]. In the electron density profile this effect corresponds to the presence of the vertical 
irregularities with spatial periods 5-20km (Fig.1c).

Fig.1. Ionospheric effects caused by Tohoku earthquake near Irkutsk March 11, 2013. A) – undisturbed ionogrames 
at 05:59UT; B) - disturbed ionogrames at 06:13UT; C) - electron density variations for these ionogrames. Arrows 
shows positions of the maximal gradients of electron density.
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At Fig.2 there is shown the dynamics of these spatial irregularities with 1 minute resolution. Fig.2a,c show absence 
of the irregularities before (March 10, 2011) and after (March 12, 2011) earthquake. As one can see, the irregularities 
dynamics is too fast and there are almost no correlation between consequent sounding results. 

Fig.2. Ionospheric irregularities (variations of true height at fixed plasma frequency) during March 10-12, 2011. 

To estimate horizontal velocity of the irregularities we can calculate equivalent velocity as delay between 
earthquake moment and observation time for each sounding. At Fig.3 we show amplitude of the irregularity as a function of 
the time (Fig.3A) and as a function of such equivalent horizontal velocity (Fig.3B). 

As one can see from Fig.3A the main response of the ionosphere was observed at Irkutsk from 06:10UT to 
07:00UT. Weak variations of the electron density profile were observed from 06:00UT. At the days before and after the 
earthquake such strong and long-lived irregularities were not observed.  

As one can see from Fig.3B there are 3 strong modes present in the equivalent velocities distribution: 3.8-4 km/s, 
2-2.5 km/s and 1.2-1.3 km/s. The last two modes are the most intensive ones. The obtained velocities corresponds to the 
seismic waves and don't contradict the data obtained by other researchers at GPS network[3] and Hokkaido SuperDARN 
radar[5]. 

3. Conclusion.

In the work we present results of  observation of the mid-scale vertical ionospheric irregularities caused by Tohoku 
earthquake with 1 minute temporary resolution. Their spatial and temporary dynamics is also investigated.  As showed the 
analysis of the experimental data, the main response of the ionosphere was observed at Irkutsk from 06:10UT to 07:00UT. 
Weak variations of the electron density profile were also observed from 06:00UT. This corresponds to the main horizontal 
speed of disturbances about  3.8-4, 2-2.5, 1.2-1.3 km/s and below. The average vertical scale of the irregularities was 5-20 
km. Irregularities practically weren't observed at heights above 200km. The obtained data don't contradict the data obtained 



by other researchers. The one minute time resolution was not enough to estimate vertical velocities of these irregularities.

Fig.3. A) - amplitude of the vertical ionospheric irregularities as a function of the time for March 10-12, 2011. B) – 
amplitude of the vertical ionospheric irregularities as a function of equivalent velocity.
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