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ABSTRACT 

For 173,477 epicenters of earthquakes with М ≥ 4.5, which occurred at the globe in 1973-2010, the geomagnetic Z- 
component in Geocentric Solar Magnetospheric (GSM) coordinate system were evaluated for the moment of earthquake 
occurrence on the base of the International Geomagnetic Reference Field model (IGRF-10). It is found that in the re-
gions, where the ZGSM reaches large positive value (low and middle latitudes), earthquake occurrence is higher than in 
the regions where ZGSM is mainly negative (high latitudes). In the area of strongest seismicity at the globe, which is lo-
cated in the longitudinal ranges of about 120˚E - 170˚W, the values of ZGSM are the most high at the globe. It is found 
that statistically significant dependence, with correlation coefficient R = 0.91, exists between the maximal possible 
magnitude of earthquake (Mmax) and the logarithm of absolute value of ZGSM. We suggest that earthquake occurrence is 
triggered by the perturbations, which in first occur at the magnetopause due to reconnection of the magnetic field of the 
solar wind with the Earth’s magnetic field, and then propagate into the solid earth via the GEC, which is considered at 
present as a main applicant for a physical mechanism of solar-terrestrial relationships. It is clear that much work re-
mains to further verify this speculative assertion and to find the physical processes linking seismicity with the main 
geomagnetic field structure. 
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1. Introduction 

From the beginning of the space age, the satellites ob- 
tained a lot of evidences on the electromagnetic effects in 
the near space plasma parameters prior major earth- 
quakes [1]. To explain that findings, an idea was ad- 
vanced [2] that the generation mechanism of electro- 
magnetic effects of earthquakes is a modification of the 
electric field in the Global Electric Circuit (GEC) due to 
earthquake preparation. The classical concept of GEC, 
firstly suggested in [3], presents a system of stationary 
electric currents between the ground and the ionosphere 
driven by the global thunderstorm activity [4]. Recently, 
the idea of electric coupling between the ionosphere and 
earthquake region was successfully used in [5] to explain 
the changes in the natural extremely low-frequency radio 
noise observed in the topside ionosphere aboard the 
DEMETER satellite at night, before major earthquakes. 
As in any electric circuit the electromagnetic perturbation 
in one region affects another regions, one may speculate 
that not only the state of near space plasma responds to  

electromagnetic perturbation in the lithosphere, as it is 
suggested in [2,5], but and vice versa, the lithosphere re- 
sponds to electromagnetic perturbation in the near space 
plasma up to the upper boundary of the GEC. At present, 
the GEC is considered as a main applicant for the me- 
chanism of solar-terrestrial coupling [4,6], and it is be-
lieved [7,8] that its upper boundary may be located at the 
magnetopause, where the reconnection of the solar wind 
magnetic field with the earth’s magnetic field occur. The 
effectiveness of magnetic reconnection [9] depends on 
value and orientation of Z- components in both the solar 
wind magnetic field and Earth’s magnetic field as esti-
mated in the Geocentric Solar Magnetospheric (GSM) 
coordinate system [10]. The most effective reconnection 
occur when the ZGSM-component for solar wind mag- 
netic field is large and negative, while the geomagnetic 
ZGSM-component is large and positive [9]. As the geo- 
magnetic ZGSM-component shows noticeable spatial and 
temporal variations, we check up in present paper if a 
pattern of spatial variation of seismicity shows any simi- 
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larity with a pattern of spatial variation of geomagnetic 
ZGSM-component. It is found that the largest amount of 
earthquakes occur in the regions where the geomagnetic 
ZGSM-component reaches large positive value. 

2. Data and Method 

In this study, we use the data on earthquakes with mag- 
nitude М ≥ 4.5 occurred at the globe in 1973-2010 years 
(173477 events) from the global seismological catalogue 
NEIC [11]. For the each of the epicenters, the compo- 
nents of the main geomagnetic field in Geocentric Solar 
Magnetospheric (GSM) coordinate system were calcu- 
lated with using the FORTRAN subroutines Geopack- 
2008 [12], which are based on the International Geo- 
magnetic Reference Field model (IGRF-10) [13]. Geo- 
magnetic field components (XGSM, YGSM, and ZGSM) were 
calculated exactly for point of the epicenter and exactly 
for the time of earthquake occurrence. In GSM coordi- 
nate system [10] the X-axis points from the Earth to- 
wards the Sun. The Z-axis (positive) is perpendicular to 
the X-axis and parallel to the projection of the negative 
dipole moment on a plane perpendicular to the X-axis 
(the northern magnetic pole is in the same hemisphere as 
the tail of the magnetic moment vector). The Y-axis 
completes a right-handed coordinate system. It is defined 
to be perpendicular to the Earth’s magnetic dipole so that 
the X-Z plane contains the dipole axis. Since the Y-axis 
is perpendicular to the dipole axis, it is always in the 
magnetic equator and since it is perpendicular to the 
Earth-Sun-line, it is in the dawn-dusk meridian (pointing 
towards dusk). The GSM coordinate system rocks about 
the solar direction with a 24 hour period in addition to a 
yearly period due to the motion of the Earth about the 
Sun. As a result, for any particular geographical point, 
the geomagnetic components in GSM coordinate system 
vary in the course of day and year.  

Since for the magnetic reconnection the most impor- 
tant is the value of ZGSM [9], in this study we analyze 
only the behavior of ZGSM-component (ZGSM here and 
after). To visualize the spatial and temporal ZGSM varia- 
tions, the test calculations have been performed. For this 
purpose, ZGSM values were calculated for each hour and 
each month of 2005 year at geographical latitudes: 90˚S, 
60˚S, 30˚S, 0˚, 30˚N, 60˚N, and 90˚N at four longitudes: 
0˚, 180˚, 90˚W and 90˚E. In Figure 1, we present, as an 
example, the ZGSM values for each hour and each month 
at geographical equator (latitude 0˚) for two longitudes: 
90˚W and 90˚E (a, b, respectively). 

It is seen from Figure 1 that at the geographical equa- 
tor, the ZGSM values are always positive but vary noticea- 
bly from hour to hour, and from month to month, and 
reach more high values in the eastern hemisphere (90˚E) 
in comparison with the western hemisphere (90˚W). 
Figure 2 presents latitudinal variation of the mean ZGSM  

 

Figure 1. Test calculations: the diurnal variations of geo- 
magnetic ZGSM-component for different months at earth’s 
surface at latitude 0˚, longitudes 90˚W and 90˚E (a, b, re-
spectively) for 2005 year, calculated with help of computer 
codes Geopack-2008 [12]. 
 

 

Figure 2. Test calculations: the latitudinal variation of the 
mean ZGSM values for 2005 year calculated with help of 
computer codes Geopack-2008 [12]. Vertical bars show 
standard deviations with percentile 95. 
 
value calculated for 2005 year. Vertical bars show stan- 
dard deviations with percentile 95. 

It is seen from Figure 2 that at low latitudes (30˚S - 
30˚N), the mean ZGSM values are positive, while they are 
negative at high latitudes. The ZGSM component has also 
secular variation (not shown) which is in agreement with 
the secular variation of the main geomagnetic field, 
which is included in the IGRF-10 model, but this varia- 
tion is not so appreciated as those ones presented in Fig- 
ures 1 and 2. 

3. Results 

3.1. Does the Earthquake Counts Depend on 
Geomagnetic ZGSM? 

Let us consider the composed Figure 3, where the panel  
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Figure 3. (a) The map of epicenters of earthquakes with 
magnitude М ≥ 4.5 occurred at the globe in 1973-2010 years 
(173477 events) from the global seismological catalogue 
NEIC [11], where the color corresponds to value of geomag- 
netic ZGSM-component in the point of epicenter in the mo- 
ment of earthquake occurrence, as calculated by Geopack- 
2008 [12]; (b) The histogram for longitudinal distribution of 
number of earthquakes presented in (a). 
 
(a) presents the map of epicenters of earthquakes with 
magnitude М ≥ 4.5 occurred at the globe in 1973-2010 
years (173477 events) from the global seismological 
catalogue NEIC [11], and the panel (b) shows the histo- 
gram for longitudinal variation of seismicity (number of 
earthquakes) obtained on the base of 173477 events pre- 
sented at the panel (a). 

Different colors of epicenters correspond to different 
values of the geomagnetic ZGSM-component in the point 
of epicenter in the moment of earthquake occurrence, as 
calculated with help of Geopack-2008 [12]. The scale for 
ZGSM values is given in right. One may conclude from 
(3a) that in agreement with the test calculations (Figures 
1 and 2), the ZGSM value is large positive in epicenters lo- 
cated at low and middle latitudes, while it is small posi- 
tive or negative in epicenters located at high latitudes. It 
is seen also, that ZGSM reach more high values (red color) 
in eastern hemisphere where the seismic activity is the 
most high. This is evident from the bottom panel (3b) 

where the histogram for number of earthquakes depend- 
ing on geographical longitude is presented. A compare- 
son between 3(b) and 3(a) allows one to suggest that in 
seismically active areas (where tectonic destructions take 
place), the earthquakes prefer occur in those regions, 
where the geomagnetic ZGSM component has the highest 
positive value. This suggestion may be supported by the 
results in Figure 4, which presents the histogram for 
earthquakes counts (EC) depending on the value of ZGSM 
in the epicenter in the moment of event occurrence. 

Black curve on Figure 4 is an exponential of order 2 
fit to data as follows: 

   0 1 1 2 2EC y A exp x t A exp x t        (1) 

where y0 = 0, A1 = 7112, t1 = –43827, A2 = –1859, and t2 
= –2011597 with correlation coefficient R = 0.99. It is 
seen that the largest number of earthquakes indeed occur 
in regions where geomagnetic ZGSM values are large posi- 
tive—reach more than 30000 nT. At the same time, the 
earthquake counts are decreased for ZGSM ≥ 40000 nT. 
Investigations in more details showed that this pheno- 
menon results from the geometry of the main geomag- 
netic field, which allows to reach the value of ZGSM ≥ 
40000 nT only for restricted time intervals. 

3.2. Does the Magnitude of Earthquake Depend 
on the Geomagnetic ZGSM? 

Figures 5 is a scatter plot of the magnitude of earthquake 
versus the geomagnetic ZGSM value. Visually, cloud of 
points is fairly stretched and, to a first approximation, 
can be characterized by a linear dependence. 

Black solid line in Figure 5 is an envelope of maximal 
magnitude in the sequential ZGSM bins of 3000 nT size, 
and red solid line is the linear fit to envelope with a cor- 
 

 

Figure 4. The histogram for number of earthquakes with 
magnitude М ≥ 4.5 (173477 events from the global NEIC 
catalogue for 1973-2010) in dependence on the value of 
geomagnetic ZGSM-component in the epicenter in the mo-
ment of earthquake occurrence. 
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Figures 5. Distribution of the magnitude of earthquake 
versus the value of geomagnetic ZGSM component in the 
epicenter in the moment of earthquake occurrence. 
 
relation coefficient R = 0.62. The correlation coefficient 
is not high because it is seen from figure that the maxi- 
mal possible magnitude (Mmax) may reach high values 
(more than 8.0) for both the large positive ZGSM values, 
and large negative ZGSM as well. The analysis in more 
details showed dependence between Mmax and the loga- 
rithm of the absolute value of geomagnetic ZGSM com- 
ponent. Therefore, in Figure 6 we present a scatter plot 
of the magnitude of earthquake versus  abs Z 

 Z 

GSM  . 
Black solid line in Figure 6 is an envelope of maximal 
magnitude (Mmax) in sequential GSM   bins 
of 0.15 size, and red solid line is the linear fit to envelope 

log

log abs

as follows: 

ma xM a bx              (2)  

where a = 5.22 ± 0.17, b = 0.78 ± 0.06, with correlation 
coefficient R = 0.91, standard deviation SD = 0.56, and 
probability 0.95. Rather high value of correlation coeffi- 
cient between GSM   and Mmax supports sug- 
gestion that the magnitude of earthquake depends not 
only on the geometry of the geomagnetic field, but on its 
intensity as well. 

 log abs Z 

4. Discussion and Conclusion 

It is documented at present that earthquake epicenters are 
located mainly along the boundaries of lithospheric 
plates, at the same time, the forces that trigger earth- 
quakes are not well known yet. Thanks to the satellite 
measurements, the electromagnetic disturbances in the 
near space plasma parameters prior major earthquakes 
were observed, that allowed to advance an idea that 
earthquake is an element of Global Electric Circuit 
(GEC). In a modern concept of GEC, it is a vertical elec- 
trical loop electrodynamically coupling all geospheres 
from the magnetopause to the Earth’s core. As in any 
electric circuit the electromagnetic disturbances in one  

 

Figures 6. Distribution of the magnitude of earthquake 
versus the logarithm of the absolute value of the geomag- 
netic ZGSM component in the epicenter in the moment of 
earthquake occurrence 
 
region affect almost simultaneously other regions, one 
may suggest that electromagnetic perturbation in the up- 
per part of GEC (magnetopause) may propagate to its 
lower part located into solid earth, and then trigger 
earthquake. Electromagnetic perturbation at the magneto- 
pause results from magnetic reconnection between the 
solar wind magnetic field and the Earth’s magnetic field. 
The effectiveness of such reconnection depends on value 
and orientation of Z-components for both the solar wind 
magnetic field and the geomagnetic field, measured in 
the Geocentric Solar Magnetospheric (GSM) coordinate 
system The more negative ZGSM for solar wind magnetic 
field, and the more positive ZGSM for geomagnetic field, 
the more effective reconnection is expected. Since the 
value of geomagnetic ZGSM component shows noticeable 
spatial variations, one may suggest that similar spatial 
variations may exist in seismicity as well, if earthquake 
indeed is triggering due to magnetic reconnection. Our 
study was directed to check up this suggestion. For this 
purpose, geomagnetic ZGSM values were calculated for 
epicenters of 173477 earthquakes with magnitude М ≥ 
4.5 for the moment of event occurrence. The results in 
Figure 3 showed that in the regions, where the geomag-
netic ZGSM-component reaches large positive value (low 
and middle latitudes), earthquake occurrence is higher 
than in the regions, where ZGSM value is mainly negative 
(high latitudes). Also, the results in Figure 3 showed that 
in the area of the strongest seismicity at the globe, which 
is located in the longitudinal ranges of about 120˚E - 
170˚W, the values of ZGSM are the most high at the globe. 
The histogram for distribution of earthquake counts ver- 
sus the geomagnetic ZGSM (Figure 4) proved that earth- 
quakes occur more often in the regions where geomag- 
netic ZGSM reaches large positive value. Figures 5 and 6  
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