
Solar-Terrestrial Physics. 2021. Vol. 7. Iss. 1. P. 59–66. DOI: 10.12737/stp-71202108. © 2021 
O.D. Zotov, A.V. Guglielmi, A.S. Silina. Published by INFRA-M Academic Publishing House.  

Original Russian version: O.D. Zotov, A.V. Guglielmi, A.S. Silina, published in Solnechno-zemnaya fizika. 2021. Vol. 7. Iss. 1. P. 74–83.  

DOI: 10.12737/szf-71202108. © 2021 INFRA-M Academic Publishing House (Nauchno-Izdatelskii Tsentr INFRA-M) 

This is an open access article under the CC BY-NC-ND license 

ON POSSIBLE RELATION OF EARTHQUAKES WITH THE SIGN CHANGE 

OF THE INTERPLANETARY MAGNETIC FIELD RADIAL COMPONENT 
 

O.D. Zotov 
Borok Geophysical Observatory of IPhE RAS, 

Borok, Russia, ozotov@inbox.ru 

Schmidt Institute of Physics of the Earth RAS, 

Moscow, Russia, ozotov@inbox.ru 

 

A.V. Guglielmi 
Schmidt Institute of Physics of the Earth RAS, 

Moscow, Russia, guglielmi@mail.ru 

A.S. Silina 
Schmidt Institute of Physics of the Earth RAS, 

Moscow, Russia, silina@ifz.ru 
 

 

Abstract. This work is devoted to an experimental 

study of the possible relationship between earthquakes 

and interplanetary magnetic field (IMF) variations. For 

the analysis, we use world and regional catalogs of 

earthquakes and a catalog containing data on the IMF 

sector structure for several decades. The main methodo-

logical technique consists in a comparative analysis of 

the occurrence rate of earthquakes on the days when 

Earth crosses the boundary between IMF sectors with 

the days when Earth is inside the sector. The sign of the 

IMF radial component is utilized as an indicator of the 

events on which the oscillation mode of Earth’s magne-

tosphere depends. The sign reversal signals the probable 

crossing of the boundary between the IMF sectors by 

Earth, or, in other words, the crossing of the heliospher-

ic current sheet by Earth. The hypothesis about the rela-

tionship between IMF variations and seismic activity is 

that IMF fluctuations, penetrating into the magneto-

sphere, excite ULF electromagnetic oscillations in the 

magnetosphere, which, in principle, can affect the phys-

ical processes in upcoming earthquake sources. We 

have found a weak, but statistically significant relation-

ship between IMF variations and seismic activity. We 

also consider other IMF parameters that control ultra-

low-frequency oscillations of the geomagnetic field. 

Keywords: heliosphere, sector structure, magneto-

sphere, lithosphere, earthquakes, ultra-low-frequency 

oscillations, magnetoplasticity. 

 

 

 

 

 

INTRODUCTION 

Seismomagnetic phenomena can be conveniently di-

vided into two categories: phenomena accompanying 

seismic events as their consequences; phenomena trig-

gering the events (stimulating or suppressing them). The 

former category includes the phenomena in which me-

chanical processes in the earth’s crust can, with some 

degree of certainty, be regarded as the cause of geo-

magnetic variations. An example is quasi-periodic mag-

netic field variations accompanying propagation of elas-

tic waves at a distance away from an earthquake source, 

as well as magnetic pulses occurring at the source when 

the main rupture of rock continuity is formed (see the 

review [Guglielmi, 2007] and references therein). This 

category also includes observations of magnetic precur-

sors of earthquakes, generated in the earth’s crust at the 

stage of the main rupture formation. The references be-

low do not reflect the wealth of literature on magnetic 

earthquake precursors [Kalashnikov, 1954; Moore, 

1964; Fraser-Smith et al., 1990; Hayakawa, 2001; Hat-

tori, 2004; Dovbnya, 2009; Sobisevich et al., 2010; 

Masci, 2011; Guglielmi, Zotov, 2012a; Schekotov et al,. 

2012; Zotov et al., 2013]. 

In this paper, we focus on the seismomagnetic phe-

nomena that fall into the latter category. This category 

includes phenomena in which the effect of alternating 

magnetic field on rocks would, presumably, be a direct 

or indirect cause of earthquakes. Many independent 

studies argue for the presence of such phenomena. The 

papers [Zakrzhevskaya, Sobolev, 2002, 2004; Duma, 

Ruzhin, 2003; Balasis et al., 2011; Adushkin et al., 

2012; Zotov et al., 2013; Guglielmi et al., 2015a, Tara-

sov, 2017] describe a weak, but statistically significant 

correlation between seismic activity and natural geo-

magnetic disturbances, which occur during the interac-

tion between Earth's magnetosphere and the solar wind. 

The papers [Velikhov, Volkov, 1981; Tarasov, 1997; 

Tarasov et al., 2000, 2001; Savin, Smagin, 2004] observe 

a correlation between seismic activity and artificial field 

pulses, produced by powerful MHD generators.  
The impetus for our work was the idea about the role 

of magnetoplasticity in rock mechanics [Buchachenko 
2014, 2019]. It is based on the fundamental magneto-
chemistry concepts of the nontrivial mechanism behind 
solid strength modification due to magnetic interaction 
in electron-spin pairs on the dislocations. Physicists and 
geophysicists have discussed power and thermal effects 
of electromagnetic field on rocks in a seismic focus 
(see, e.g., [Guglielmi, 1992; Fainberg et al., 2004]). 
According to the estimates, however, neither pondero-
motive forces nor heating by eddy currents can provide 
a convincing explanation for the correlation of seismic 
activity with natural and artificial magnetic field pulses. 
The third mechanism behind the electromagnetic field 
effect on rocks in a seismic focus (it can be called mag-
netoplastic or magnetochemical), proposed by 
Buchachenko, opens up new prospects for seismo-
electromagnetic studies and stimulates further search for 
possible manifestations of the alternating magnetic field 
effect on the earth’s solid mantle. 

The paradoxical formulation of the problem, as re-
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flected in the title of our article, lies in the fact that the 

interplanetary magnetic field B (IMF) is not in contact 

with the earth’s solid mantle and hence has no direct 

effect on seismic activity. Our hypothesis is that IMF 

fluctuations, penetrating from a foreshock region into 

the magnetosphere, excite ultra-low frequency (ULF) 

electromagnetic oscillations in the magnetosphere, 

which can, in principle, have an effect on physical pro-

cesses in earthquake sources. 

Formulating the problem in such an unusual way, we 

are guided by the idea that B vector components and 

their quite certain combinations play a key role in the 

formation of geomagnetic activity [Guglielmi et al., 

2015b]. The IMF vector in the geocentric solar-

magnetospheric coordinate system, used in this article, 

is shown schematically in Figure 1. 

For example, it has long been known that the change 

of sign of the Bz component from positive to negative 

stimulates sharp intensification of the magnetosphere, 

the ionosphere and, by and large, the atmosphere, which 

is manifested in the form of geomagnetic storms, auro-

ral flashes, radio communication failures, excitation of 

powerful infrasonic waves, etc. [Nishida, 1980]. No less 

interesting, though not so dramatic changes in geo-

spheres occur when the radial component Bx changes 

sign. It is changes of Bx sign that we focus our attention 

on. Thus formulated, the problem has been previously 

considered in [Zotov, Lavrov, 2017]. We briefly de-

scribe other possible formulations of the problem in 

order to verify the IMF effect on seismicity in the sec-

tion «Discussion». 

Let us explain our choice of the radial component Bx 

as a driving parameter, on which the state of the geo-

magnetic field depends. IMF is known to have a sector 

structure [Parker, 1965]. Crossing the boundary between 

adjacent sectors, the Bx sign is reversed. If Bx<0, the 

sector is called positive; if Bx>0, negative. The IMF 

sector structure reflects the existence of the so-called 

heliospheric current sheet (HCS) in interplanetary 

space, which separates fields of mutually opposite direc-

tions. HCS passes through the solar system — from the 

Sun to the stagnation region on the boundary with the 

interstellar medium. This permanent structural feature 

has a folded shape and is located in the vicinity of the 

ecliptic plane. 

Our interest in HCS was generated by two factors. 

First, the interaction of Earth with HCS leads to a spe-

cific variation in magnetospheric ULF oscillations 

[Guglielmi, Pokhotelov, 1996], which is of concern 

from the viewpoint of seismomagnetism. Second, the 

moment when HCS is crossed is convenient to utilize 

as a reference in the statistical processing of a large 

amount of numerical information on earthquakes. 

 

INITIAL DATA 

AND ANALYSIS METHOD 

We call specific days, about which we know the 

position of Earth in the IMF sector structure and the 

number of earthquakes with any given magnitude in a 

preselected region or on Earth as a whole, an event. 

Information about the IMF sector structure was taken from  

 

Figure1. IMF vector in the geocentric solar-

magnetospheric coordinate system 

 

the IZMIRAN catalog [http: //www.izmiran.ru/stp/polar/ 

SSIMF/?ASCII], compiled using Mansurov’s method. 

Initial data includes semidiurnal values of sector sign. 

Recall that the sector is called positive (+) or nega-

tive (–) depending on whether the field is antisun-

ward or sunward. If the IZMIRAN catalog contains 

++ or – –, we assume that Earth is in the positive or 

negative sector; if + – or – +, we hold that during this 

event Earth crosses HCS. In the former case, an event 

is called regular; and in the latter, significant. These 

names are, of course, conventional, but have a quite 

clear meaning. Statistics of regular and significant 

days in the IZMIRAN catalog from 1958 to 2015 is 

as follows: 15771 regular days (7351 ++ and 8420 – 

–), 5145 significant days (2990 + – and 2155 – + ); 

268 days were omitted (IMF sign was not deter-

mined).  

In such a relatively rough selection of regular and 

significant events, errors associated both with errors in 

determining IMF polarity and with erroneous judgment 

that Earth crossed precisely the heliospheric current 

sheet are inevitable — in fact the IMF loops frozen in 

flare-induced solar plasma stream passed Earth. 

We decided to adopt this very simplified method for 

processing large volumes of numerical information be-

fore performing a more refined analysis, using satellite 

data on IMF. 

To gain information about seismicity for each event, 

we have used the following catalogs: 

1. Earthquake catalog of the International Seismologi-

cal Centre (ISC), 1964–2010 [http://www.isc.ac.uk]; 

2. Catalog of the National Earthquake Information 

Center of U.S. Geological Survey USGS/NEIC, 1973–

2014 [http://neic.usgs.gov/neis/epic/epic_global.html]; 

3.  Catalog of the Northern California Earthquake 

Data Center, 1968–2007 [http://www.ncedc.org]; 

4. Catalog of the Southern California Earthquake 

Data Center, 1983–2008 [http://www.data.scec.org]; 

5. Catalog of earthquakes in Greece, 1964–2009 

[http://www.gein.noa.gr]. 

The total number of events we have analyzed is 

quite large — it varies approximately from 10 000 to 15 

000, depending on the catalog. We have divided the 

events into groups differing in IMF polarity and earth-

quake magnitude. The main methodological technique 

consists in a comparative analysis of the occurrence rate 

of earthquakes in different groups of events.  

http://www.isc.ac.uk/
http://neic.usgs.gov/neis/epic/epic_global.html
http://www.ncedc.org/
http://www.data.scec.org/
http://www.gein.noa.gr/
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Let us emphasize that we did not rule out after-

shock sequences from the analysis. We did it for the 

following reasons. First, aftershocks, from the physical 

point of view, do not differ fundamentally from main 

shocks, despite somewhat different causes of their oc-

currence. Second, aftershock sequences are equally 

likely to occur both on regular and on significant days. 

Third, in our study, the characteristic interval of the 

analysis is 24 hours; the duration of the aftershock 

sequences is substantially longer, sometimes to 2–3 

years. Thus, without excluding aftershock sequences 

from the analysis, we actually study the relationship 

between IMF and earthquakes. 

 

ANALYSIS RESULT 

Table 1 presents the result of calculation of the mean 

occurrence rate of earth shocks derived from the afore-

mentioned earthquake catalogs. We did not select events 

by earthquake magnitude. This means that Table 1 re-

flects mainly the occurrence rate of relatively minor 

earthquake shocks. We can see that the days when the 

IMF polarity was stable the occurrence rate of earth-

quakes was much lower than the days when the polarity 

changed. This consistent trend is observed in four of the 

five catalogs. The exception is the result of calculation 

from the catalog of the Southern California Earthquake 

Data Center: in this case, regular and significant events 

differ little in the average number of earthquakes per day. 

To assess the statistical significance of differences in 

the numbers listed in the two right-hand columns of 

Table 1, we have built five pairs of event distributions 

according to the occurrence rate of earthquakes. The 

empirical distributions appeared to differ greatly from 

normal distributions. This is associated with heterogene-

ity of each catalog, which is caused by the incremental 

improvement of the earthquake recording technique and 

instrumental base, expansion of the network of seismic 

stations, etc. Therefore, instead of the standard criteria 

of estimated mean, to compare the distributions we ap-

plied the non-parametric Kolmogorov-Smirnov criterion 

[Smirnov, Dunin-Borkovsky, 1965]. 

Figure 2 gives an example of such an analysis from 

the data collected in the catalog of the Northern Califor-

nia Earthquake Data Center. Figure 2, a illustrates dis-

tributions of regular (black curve) and significant (gray 

curve) events by the occurrence rate of earthquakes. 

Difference between the distributions is statistically sig-

nificant at the level of p<0.01. To verify this, we have 

violated the separation of events into regular and signif-

icant and have performed two control tests. Figure 2, b 

shows distributions of events by the occurrence rate of 

earthquakes with – – and – + (black curve) and with ++ 

and + – (gray curve). Figure 2, c depicts distributions of 

regular even (black curve) and odd (gray curve) events 

(i.e. corresponding to odd and even days of the month). 

The distributions shown in Figure 2, b and c are statisti-

cally identical. 

The result of the analysis from the earthquake cata-

log data suggests that the difference in the occurrence 

rate of earthquakes is statistically significant at p<0.01 

in rows 1, 2, 3, and 5 of Table 1. As for row 4 (South 

California), the difference in the occurrence rate is sta-

tistically insignificant (p  = 0.4).  

To check the stability of this trend, we have divided 

the catalogs according to three features. First, all the 

events analyzed were subdivided into four groups ac-

cording to combination of IMF polarity signs. 

 

Table 1 

Occurrence rate of earthquakes 

No

. 

Catalog 
Number of 

earthquakes 

Mean occurrence rate of earthquakes, day
–1

 

Regular events Significant events 

1 ISC 1 489 169 84.51 99.63 

2 USGS 716 405 44.26 55.78 

3 North California 631 116 40.73 50.82 

4 South California 405 428 44.17 41.99 

5 Greece 88 165 4.66 6.85 

 

Figure 2. Distribution of regular (black curve) and significant (gray curve) events according to the occurrence rate of earth-

quakes (a); results of control tests (see the text) (b, c) 
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The trend continued for the global catalogs ISC and 

USGS, as well as for regional catalogs of North Califor-

nia and Greece. As an example, Figure 3 shows distri-

bution of the occurrence rate of earthquakes according 

to North California catalog data. At the same time, data 

from the regional catalog of South California still does 

not show a significant dependence of seismic activity on 

combination of IMF polarity signs. We could not figure 

out the reason for this difference. 

Then, using data from two global catalogs, we ana-

lyzed the dependence of seismicity on IMF polarity 

separately for the Northern and Southern hemispheres. 

The result obtained from ISC catalog data is shown in 

Figure 4. A similar result was received from USGS 

catalog data. 

Figure 5 shows how the trend we observe depends 

on earthquake magnitude M. The regular and significant 

events were further subdivided into three groups differ-

ing in magnitude range. We can see that the trend con-

tinues for minor (M<4.5, 23 % difference between 

means) and moderately strong earthquakes (4.5M<6.0, 

12 % difference between means), whereas for severe 

earthquakes (M6.0, 0.3 % difference between means), 

it is not found. 

It is known that in the representative part of catalog 

the distribution of earthquakes by magnitudes obeys the 

Gutenberg—Richter law lgN=a–bM. Where N is the 

number of earthquakes, a and b are Gutenberg—Richter 

parameters [Kasahara, 1985]. Referring to Figure 5, we 

can expect that b for significant events will be slightly 

higher than for regular events. 

Indeed, it is the case in the analysis of four of the 

five catalogs we have studied (rows 2–5), as is evident 

from the comparison between the fifth and sixth col-

umns in Table 2. 

 

Figure 3. Occurrence rate of earthquakes in North Cali-

fornia as function of IMF polarity 

 

 

 

Figure 4. Occurrence rate of earthquakes in the Northern and Southern hemispheres (left and right panels respectively) as func-

tion of IMF polarity from ISC catalog data 

 

Figure 5. Occurrence rate of earthquakes for regular and significant events for three different ranges of earthquake magni-

tudes from USGS catalog data 

Table 2 
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Gutenberg—Richter parameter b for representative parts of catalogs 

No. Catalog 
Number of 

earthquakes N  
M 

b  

Regular events Significant events 

1 ISC 54 231 5.0–7.5 1.16 1.06 

2 USGS 65 947 5.0–7.5 1.04 1.06 

3 
North 

California 
40 303 2.0–5.0 0.94 0.98 

4 South 

California 
76 848 2.0–5.0 1.01 1.04 

5 Greece 14 819 3.7–5.3 1.29 1.33 

 

The hypothesis that is qualitatively confirmed by Figure 5 

and Table 2 consists in the fact that the magnetic field 

pulses occurring when Earth crosses the boundaries be-

tween IMF sectors generally affect relatively minor 

earthquakes. Nonetheless, the difference between b pa-

rameters for significant and regular events in Table 2 is 

still insignificant. To make the hypothesis more plausible, 

we applied a non-standard technique: first, we construct-

ed distributions of earthquakes by M from the groups of 

significant and regular events according to USGS catalog 

data (Figure 6, a); second, we worked out the ratio of 

these distributions (Figure 6, b). The straight line repre-

sents a regression line approximating experimental 

points. It is clearly noticeable that the percent of signifi-

cant events decreases with increasing magnitude, as our 

hypothesis predicts.  

For further verification, we (as in Figure 2) artifi-

cially violated the separation of the events into regu-

lar and significant and performed two control tests. 

Figure 6, c shows the ratio between magnitude distri-

butions of earthquakes with – – and – + and with ++ 

and + –. Figure 6, d presents the ratio between magni-

tude distributions of regular odd and even events. We see a 

complete absence of any dependence on magnitude. 

To make the result, shown in Figure 6, and the fact 

that the effect of the relationship between earthquakes 

and IMF is also repeated at the regional level more con-

vincing, we present Figure 7, in which is the result of a 

similar analysis from regional catalog data. 

 

 

Figure 6. Distribution of earthquakes by magnitude for regular and significant events (black and gray curves respectively) 

from USGS catalog data (a); ratio of earthquake distributions by magnitudes for regular events to those for significant events (b); 

results of control tests (see the text) (c, d). Black straight lines are regression lines approximating experimental points 
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Figure 7. Distribution of earthquakes by magnitude for regular and significant events (black and gray curves respectively) 

from Greece catalog data (a); ratio of earthquake distributions by magnitudes for regular events to those for significant events (b); 

results of control tests (see the comment to Figure 6, c and d) (c, d). Black straight lines are regression lines approximating experi-

mental points 

 

DISCUSSION 

In terms of strength, IMF has no particular effect on 

the dynamics of the magnetosphere, but it plays a key 

role in transferring momentum and energy from the solar 

wind into the magnetosphere. In particular, IMF deter-

mines the variety of spatio-temporal modes of magneto-

spheric ULF oscillations [Guglielmi, Pokhotelov, 1996], 

on which, in turn, physical processes in the lithosphere 

might depend. 

The sign of the field x-component B we have chosen 

in this study as a dichotomous variable is included in the 

set of eight control parameters introduced in [Guglielmi 

et al., 2015b] to explore the response of geospheres to 

IMF variations. The eight-dimensional space of control 

parameters is formed from three B vector components in 

terms of B orientation with respect to the Sun–Earth line 

and the geomagnetic equator and noon meridian planes.  

The choice of the Bx sign as a control parameter 

turned out a success. We managed to detect a specific 

response of the lithosphere that occurred when Earth 

crossed HCS. It was natural to try to use other elements 

of the space of control parameters for the statistical 

analysis of earthquakes. Particularly interesting in the 

context of the problem addressed seems to be the pa-

rameter σ=sign(BxBz). Using σ, we have carried out an 

appropriate pilot analysis of the earthquake catalogs.  

The choice of σ was motivated by the following 

considerations. Ahead of the magnetospheric front is the 
so-called foreshock region. Outside, it is bounded by 
IMF lines, which are tangent to the front. At σ=–1, the 
IMF lines are skewed to the south; and at σ=+1, to the 
north. Accordingly, the asymmetry in the foreshock 
position relative to the equatorial plane changes qualita-
tively when the sing of σ changes. The foreshock region 
is known to feature powerful electromagnetic fluctua-
tions in a wide frequency range [Russell, Hoppe, 1983]. 
The hypothesis is that the fluctuations penetrating into 
the magnetosphere from the foreshock region excite 
electromagnetic ULF oscillations, which, in principle, 
can affect physical processes in earthquake sources.  

The method of verification involves determining ex-
perimentally whether the north-south asymmetry of 
geomagnetic and seismic activity depending on the sign 
of σ exists or not. In terms of ULF oscillations, our hy-
pothesis has been confirmed [Guglielmi, Potapov, 2017; 
Guglielmi et al., 2017]. We have not yet, however, found  
the north-south asymmetry in global seismicity, which 

would depend on the sign of σ. 

We drew attention to another control parameter, 

namely |B| (see [Tobolzhina, 2016]). The mode of exci-

tation of daytime permanent magnetospheric oscilla-

tions is known to depend on |B| [Guglielmi, 2007]. The 

annual average |B| deviates little from the typical value 

of 5 nT. It is interesting that the distribution of extreme 

values of |B| over years changes significantly. So, from 
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2001 to 2005, the extreme values are in the range 60–80 

nT; and from 2006 to 2010, they differ little from 20 nT 

(for more information about dynamics of the extreme 

values of |B| see [Tobolzhina, 2016]). We have made a 

preliminary estimate and have found out that in the lat-

ter range the number of severe earthquakes (with magni-

tudes 8 or higher) is 1.5 times larger than in the former. 

In this regard, it is interesting that according to 

Buchachenko’s idea (which provided the impetus for 

our study, see Introduction), the reverse should be true 

for activity of relatively minor earthquakes: in the latter 

range their number should be much smaller than in the 

former. We plan to test this prediction in future. 

Concluding the discussion, let us delve into such a 
phenomenon as synchronism of seismic events [Guglielmi, 
Zotov, 2012b]. Synchronism is manifested in the form of 
so-called effects of hour marks and weekends. The effect 
of hour marks occurs at the 24th, 48th, and 96th harmon-
ics; and the effect of weekends, at the 7th subharmonic of 
circadian rhythm. Both effects indicate a nontrivial effect 
of the technosphere on the lithosphere. Guglielmi, Zotov 
[2012b] describe in detail the morphology of the phenom-
enon and underline the difficulty in its physical interpreta-
tion. In light of the above, we can assume that the nature of 
synchronism may be associated with the global quasi-
periodic modulation of electromagnetic fields of industrial 
origin, which affect rocks in situ. 

 

CONCLUSION 

We seem to have found a small but statistically signifi-

cant increase in global seismicity when the B vector x 

component changes sign, which suggests that Earth crosses 

the boundary between IMF sectors, or, in other words, the 

heliospheric current sheet. The result, however, needs, first, 

to be independently verified and, second, to be interpreted. 

We hope that it will be interpreted due to the original idea 

about the role of magnetoplasticity in rock mechanics 

[Buchachenko, 2014, 2019]. It should be recognized, how-

ever, that the actual realization of the idea for the case we 

considered is currently unknown. 
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