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Abstract. The article addresses the problem of the 
connection of earthquakes with geomagnetic phenome-

na. We have carried out an experimental study using a 

method based, firstly, on the separation of periods of 

geomagnetic activity into extremely quiet and disturbed, 

and, secondly, on the description of seismic activity 

with an index called the global daily magnitude (GDM). 

By analyzing the NEIC earthquake catalog of the US 

Geological Survey over a 20-year period from 1980 to 

1999, we have shown that the planetary activity of 

earthquakes under extremely quiet geomagnetic condi-

tions is noticeably higher than under disturbed condi-

tions. The detected tendency for seismic activity to in-
crease in extremely quiet periods of geomagnetic activi-

ty has indirectly been confirmed by the analysis of 35 

earthquakes with magnitude 8 and higher, which oc-
curred on Earth from 1980 to 2019. We have found that 

in extremely quiet geomagnetic conditions, the proba-

bility of the occurrence of strong earthquakes is notice-

ably higher. The result qualitatively confirms the as-

sumption of a change in the regime of seismic activity 

due to the influence of alternating magnetic fields on the 

ductility of rocks. 

Keywords: seismology, geomagnetism, Guten-
berg—Richter law, magnetic storms, magnetoplasticity, 

earthquake ensemble, statistical sum, entropy. 

 

 

 

 

 

INTRODUCTION 

Physics of earthquakes is a fairly new field of sci-

ence (about development of modern seismology, see 

[Davison, 1927; Guglielmi, 2017; Guglielmi, Zavyalov, 

2018]). Being originally a purely empirical science, over 

time it has been enriched with definitions, theoretical 

models, and conceptual views. Shortly after, a question 
arose about possible existence of external factors that 

affect the probability of rock discontinuity resulting in 

an earthquake. In the context of this paper, it is reasona-

ble to mention the pioneer work [Orlov, 1887]. The 

author put forward an idea about a connection between 

earthquakes and geomagnetic phenomena (see also 

[Mascart, 1887; Bauer, 1906]). The question as to how 

geomagnetic disturbances influence earthquake activity 

is still debated (see, e.g., [Buchachenko, 2019; Gug-

lielmi, 2019, 2020] and references therein). We will try 

to clarify to some extent this question, using results re-

ported in recently published papers [Guglielmi, Klain, 
2020; Kurazhkovskaya, 2020].  

Kurazhkovskaya [2020] has used the number of 
magnetically quiet (Nq) and magnetically disturbed (Nd) 
days to characterize extreme conditions of the global 
magnetospheric disturbance. The selected series of Nq 
and Nd days characterizing geomagnetic conditions will 
be called Q- and D-periods respectively (quiet (Q) and 
disturbed (D) periods). Kurazhkovskaya [2020] has 
found a number of interesting features in the dynamics 
of near-Earth space environment in a solar activity cy-
cle. We believe that the proposed method for identifying 
the Q- and D-periods can also be used to study subtle 
effects of the interaction of plasma sheaths of the planet 

(ionosphere and magnetosphere) with the atmosphere, 
lithosphere, and technosphere.  

In this paper, we focus on seismic activity of the 

lithosphere. To quantitatively describe seismic activity, 

we adopt the global daily magnitude (GDM) of earth-

quakes Mg introduced in [Guglielmi, Klain, 2020]: 
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Here, β = (3/2) ln10; j  = 1, 2, 3, ... numbers earthquakes 

recorded in the catalog during a calendar day; Mj is the 

catalog earthquake magnitude with number j. The Heav-

iside symbol Hj is 0 if Mj<M0, and it is 1 if Mj≥M0, 

where M0 is the lower boundary of the representative 

part of the earthquake catalog. 

In this paper, we try to answer the question of 

whether there is a statistically significant difference in 
the global seismicity between extremely quiet and dis-

turbed geomagnetic conditions. The results will be re-

viewed in the light of other studies on the subject. 

 

DATA AND ANALYSIS 

RESULTS 

To study experimentally the relationships between 

earthquakes and geomagnetic activity, we have used the 

databases created in [Guglielmi, Klain, 2019; Guglielmi, 

Klain, 2020; Kurazhkovskaya, 2020]. Information about 

earthquakes is presented as a series of 7300 GDM values 

calculated from Formula (1) for the 20-year period from 
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1980 to 1999, according to the Global Earthquake Cata-

log of The National Earthquake Information Center 

(NEIC) of the US Geological Survey 
[https://earthquake.usgs.gov/earthquakes]. We have 

found that the representative part of the Mg distribution of 

events satisfies the Gutenberg—Richter law [Kasahara, 

1985] as follows [Guglielmi, Klain, 2020]: 

glog ν .a bM   (2) 

Here, a=8.9, b=1.1, ν is the frequency of events (by an 

event is meant a calendar day with a given GDM value). 

The Q- and D-periods were identified using the 

method proposed in [Kurazhkovskaya, 2020]. The 
source material in the form of sums ΣKp of the daily Kp 

index is taken from the website [http://wdc.kugi.kyoto-

u.ac.jp/index.html] of the World Data Center for Geo-

magnetism, Kyoto. The Q-period is represented by an 

ordered series of days with ΣKp<5; and the D-period, by 

an ordered series of days with ΣKp >25. Over the period 

from 1980 to 1999, 263 Q-days and 1918 D-days were 

amassed. To each day corresponds a certain value of the 

global daily magnitude Mg. 

In the course of this study, the database was supple-

mented: Mg series for Q- and D-days were continued to 
2019. Nonetheless, here we confine our analysis to the 

period 1980–1999 since the data array selected for the 

statistical study should not only be as large as possible 

but also be sufficiently homogeneous. We have noticed 

that during the 40-year period the second condition is 

violated, namely after 2000 long-term trends in seismic 

and geomagnetic activity begin to emerge. The general 

tendency, which seems to be related to nonuniformity of 

the 11-year solar cyclicity, is that a slight decrease in ge-

omagnetic activity is accompanied by a marked increase 

in earthquake activity. 

We need to answer two questions: whether the Mg 
distribution of events during the Q-period differs from 

the distribution during the D-period, and, if there is a 

difference, how it manifests itself. By an event is meant 

a calendar day with a given Mg value.  

Thus, we have to find out the relationship between 

two different objects, one of which is shown quantita-

tively (Mg); and the other, only qualitatively (Q, D). The 

probability theory and the mathematical statistics pro-

vide a broad set of tools to quantify the relationship be-

tween objects of this kind. At first, we assessed the em-

pirical correlation ratio [Van der Waerden, 1960]. This 
ratio does not exceed 0.2, which does not allow us to 

draw a conclusion about the existence of the desired 

relationship at a statistically significant level. Then, we 

adopted the Kolmogorov–Smirnov test [Chetyrkin, 

Kalikhman, 1982]. This is a non-parametric test, so it 

can be applied to the abnormal distributions we have 

found. It turned out that the hypothesis that our two sam-

ple distributions belong to the same general population 

should be rejected with an error probability of at most 0.05. 

So, the difference is likely to exist, but it is unclear 

in what exactly it manifests itself. Look at Figure 1. It 

shows densities of Mg distributions of events for the D-
period (left panel) and for the Q-period (right panel). 

Straight lines fit representative parts of the distributions 

by Formula (2): for the D-period a=4.28, b=1.0; for the 

Q-period a=3.17, b=0.8. 

Of particular interest to us are the slopes b of the 

straight lines. The standard error in the estimated slope 

of the straight lines σ=±0.04. The difference between 

the slopes is Δb=0.2, which is much greater than 3σ. 

The well-known three sigma rule is satisfied, we can 

therefore quite confidently assert that the planetary 

earthquake activity, characterized by Mg, under ex-
tremely quiet geomagnetic conditions is significantly 

higher than under disturbed conditions. Note that a sig-

nificant decrease in b with time is sometimes considered 

as one of the predictors of a strong earthquake [Mogi, 

1985; Sobolev, 1993]. 

The tendency for higher seismic activity under ex-

tremely quiet geomagnetic conditions we found is indi-

rectly confirmed by the analysis of 35 earthquakes with 

M=8 and higher, which occurred in 1980–2019. The 

empirical probability of earthquakes with M≥8 on a Q-

day appeared to be ~2 times higher than on any other 

day. The respective values are (4±0.6)·10–3 and 
(2±0.2)·10–3. The difference between mean values ex-

ceeds 2σ. The difference can be considered significant 

with a probability of 95 %. 

 

 

Figure 1. Density of event distribution by Mg under disturbed (left panel) and quiet (right panel) geomagnetic conditions  

https://earthquake.usgs.gov/earthquakes
http://wdc.kugi.kyoto-u.ac.jp/index.html
http://wdc.kugi.kyoto-u.ac.jp/index.html
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DISCUSSION 

In seismoelectrodynamics, two lines of research have 

formed, which can be called theoretical and empirical. 

The theoretical line involves studying the conversion of 

the mechanical energy of rocks into the energy of the 

electromagnetic field through various physical mecha-

nisms such as piezomagnetic [Kalashnikov, Kapitsa, 

1952; Nagata, 1970], inductive [Eleman, 1966], and iner-

tial [Guglielmi, 1992a]. The theory predicts the excite-
ment of rather weak seismomagnetic signals, which are 

quite difficult to detect against instrumental, cosmic, and 

man-made interference. Methods of interference suppres-

sion are discussed in detail in [Guglielmi, 2007]. 

The empirical approach we use involves searching 

experimentally for dynamic effects of electromagnetic 

fields on rocks in situ. Generally speaking, strong phys-

ical and mathematical bases for this research are not yet 

available, but there is a wealth of experience of observa-

tion of correlations between earthquakes and accompa-

nying geomagnetic and solar phenomena (see recent 
research into correlations of this kind [Atmospheric and 

ionospheric electromagnetic phenomena ..., 1999;. Sobo-

lev et al., 2001; Hattori, 2004; Sobisevich et al., 2010; 

Tarasov, 2010; Strakhov, Savin, 2013; Guglielmi, 

Klain, 2020; Sobolev et al., 2020]). 

Two approaches to searching for mechanisms of im-

pact of the electromagnetic field on the dynamics of 

rocks were previously known. One of them is based on 

the concept of force effect [Guglielmi, 1992b]; the oth-

er, on the concept of thermal effect [Fainberg et al., 

2004] of the alternating electromagnetic field. The cal-

culation results give no reason to believe that the force 
and thermal effects of the electromagnetic field plays a 

role in the dynamics of the lithosphere. Recently, it has 

been hypothesized that the alternating magnetic field 

alters the ductility of rocks, and this leads to a noticea-

ble change in seismic activity [Buchachenko, 2019]. 

The theory [Buchachenko, 2019] also predicts activa-

tion of strong earthquakes at low geomagnetic activity. 

Our results qualitatively confirm this prediction. 

In concluding this section, we present Figure 2. Pan-

els depict the long-term evolution of the following pa-

rameters (top to bottom): the annual number of extreme-
ly quiet days NQ [Kurazhkovskaya, 2020], the annual 

number Neq of earthquakes with M≥5, the annual value 

of GDM (Mg), and the annual entropy S: 

ln η ,S Z M     (3) 

where  exp ηj j

j

Z H M   is the statistical sum in 

the earthquake ensemble  ln / ηM Z     [Gug-

lielmi, Klain, 2020]. 

Evolution of these parameters is quite interesting. 

The significant increase in NQ in the second half of the 

40-year period is unequivocally related to the nonuni-
formity of Schwabe—Wolf solar cycles, as we have 

mentioned in the previous section of this paper. 

Particularly noteworthy is the variation in Neq:   

the significant increase in the number of extremely quiet  

 

Figure 2. Long-term variation in geophysical parameters 
characterizing geomagnetic and seismic activity: NQ is the 
annual number of extremely quiet days [Kurazhkovskaya, 

2020] (a); Neq is the annual number of earthquakes with M≥5 (b); 
Mg is the annual value of GDM (c); S is the annual entropy (d) 

days since 2004 is seen to occur with a marked increase 

in seismic activity. This is consistent both with the pre-

diction made in [Buchachenko, 2019] and with the 
analysis result reported in the previous section of this 

paper. Comparing variations of these parameters calls 

for additional analysis. Sometimes, in such cases, pair 

correlation coefficients R are shown. The cross-

correlation analysis has revealed that, for example, for 

the pair (NQ, Neq) R=0.75; for the pairs of parameters 

(NQ, Mg) and (NQ, S) R=0.70. The value R seems to 

quantitatively confirm the visual impression about the 

relationship between these parameter pairs, but the cor-

relation coefficient itself does not matter much. We do 

not think that R sufficiently accurately reflects the rela-

tionship between the parameters. In fact, the GDM vari-
ation is caused not only by exogenous triggers, but also 

by powerful endogenous processes leading to earth-

quakes. 

 

CONCLUSION 

We have adopted the method of identifying extremely 
quiet and disturbed periods in magnetospheric conditions, 

which has been put forward in [Kurazhkovskaya, 2020], to 

comparative analysis of earthquake distribution by the 

global daily magnitude in the periods under study. We 

have found that under extremely quiet geomagnetic condi-

tions the probability of occurrence of strong earthquakes is 

noticeably higher. The result qualitatively confirms the 

prediction made in [Buchachenko, 2019] on the basis of 

physico-chemical interpretations of change in ductility of 

solids under the action of alternating magnetic fields. 
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