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It is known by now that variation in solar activity
causes a set of interrelated phenomena in interplane�
tary space, the magnetosphere, ionosphere, neutral
atmosphere, and biosphere [1]. Analysis of publica�
tions on the relation of solar activity with seismic
activity has shown that, depending on the quality and
completeness of catalogues used and the duration of
measurements, the conclusions varies from statements
about the existence of the correlation between energy
of earthquakes and Wolf’s numbers to those about the
anticorrelation between these parameters [2, 3]. Thus,
one purpose of this study has been development of the
most complete and homogeneous catalogue of earth�
quakes over a long period of time to evaluate the cor�
relation between energy of earthquakes and solar
activity.

Along with seismic activity, volcanism is consid�
ered to be one of the main manifestations of endogenic
activity on the Earth. Many publications are devoted
to study of different aspects of volcanic activity. More�
over, the International Program “Global Volcanism”
is being carried out. Within�year synchronism of man�
ifestations of seismic activity and volcanism with a
maximum in June–July was described in [5]. How�
ever, as was noted in the monograph by N.P. Laverov
et al. [6], “the problem of the relation of volcanism
and seismic activity has no single�valued solution and
it especially concerns their cause–effect relations.”

In the present work, on the basis of statistics ovre a
long period of time, which spans a few solar cycles, the
correlation between volcanism and seismic activity,
the main manifestations of endogenic activity of the
Earth, as well as their connection with solar and geo�
magnetic activity, have been analyzed for the first time.

1

In works [1, 7] on the basis of statistical data it was
shown that, in general, there exists a significant nega�
tive correlation over a few solar cycles, which is vio�
lated only in the periods of powerful solar explosions,
when the intense flows of charged particles are gener�
ated in wide energetic diapason. During data analysis
of solar and seismic activity, three secular cycles of
seismic activity over the period of 1680–2002 were
revealed. Moreover, it was established that in the
beginning of each cycle the seismic activity increased.

For analysis catalogue [8] containing only data
about of volcanic eruptions over the period of 1890–
1977 was used. Because of the incompleteness of this
catalogue, the catalogue of volcanic eruptions for the
period from 1870 to 2007 of the Smithsonian Institu�
tion (Smithsonian Institution’s Global Volcanism
Program) has been used in the present work. Unfortu�
nately, there are no data of measurements concerning
eruption energetics. Based on both catalogues, a com�
mon international information database has been
developed, which includes the data of volumes of
extrusive lava and erupted volcanic ash. In order to
analyze seismic activity, the catalogue of earthquakes
with the magnitudes Ms ≥ 6 and mb ≥ 5.5 for the period
of 1898–2002 has been used, developed in [1] on the
basis of the National Earthquake Information Center,
the US Geological Survey (NEIC, USGS) [9], the
International Seismological Center (ISC) [10], the
Catalogue of Strong Earthquakes [11],
N.V. Golubeva’s catalogue [12], and catalogue [1]
updated for 2008. In order to characterize the solar
activity, the data of Wolf’s numbers [13] have been
used.

The results of comparative analysis of the main
components of endogenic activity on the Earth (seis�
mic and volcanic activities), characterizing the tec�
tonic and magmatic processes, depending on the solar
activity are shown in Figs. 1 and 2. As is seen in Fig. 1,
at the end of the nineteenth century, a high increase in
seismic activity took place and reached the maximal
value in the beginning of the twentieth century. After
that, a gradual decrease occurred. Before 1990, the
minimal values of seismic activity were registered; that
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Fig. 1. Time variations: a—annual average values of Wolf’s numbers (R) and annual seismic energy releases during earthquakes
on the Earth (E), smoothed on 11 values over the period of 1888–2007; b—total annual values of energy of volcanic eruptions on
the Earth, smoothed on five values over the period of 1888–1971; c, d—volume of erupted material: c—volcanic ash, d—lava
(total values for the period of 8 years) over the period of 1888–2007; e—energy of volcanic eruptions with the energy less than
1017 J; f—total number of annually erupted active volcanoes, smoothed on 11 values over the period of 1888–2007.

is, 100 years after the beginning of the increase. The
solar activity in the period of maximal energy release
during the earthquakes was characterized by minimal
values (Fig. 1a). Throughout the twentieth century, the
solar activity increased gradually. The highest values
were registered in 1954 and 1984. These solar activity
maximums correspond to relatively low seismic
energy. In general, the negative correlation with the
coefficient of r = – 0.8 between these two parameters
was established. It makes it possible to say that the
highest seismic activity corresponded to the solar
activity minimums and vice versa.

As was shown in [1], the 100�year cycle of solar and
seismic activity is divided into three periods, a prelim�
inary period of 33 years. That is the duration of every
period, which is divided into three 11�year cycles of

solar activity. It was also noted [1] that the strongest
earthquakes take place at the beginning of every
100�year cycle. Beginning from 1990 (Fig. 1a), the
essential increase of seismic energy release took place.
A similar trend of earthquake energetics (increase of
seismic energy from minimum (1990) to quite high
(2004–2007) was observed around 1890. It seems to be
indicative of the fact that in the beginning of the 1990s
a new 100�year cycle started. In the beginning of the
cycle there were observed solar cycles with relatively
small numbers of sun spots, which is characteristic for
the beginning of secular cycles, as well as strong seis�
mic activity, maintained for a long time. This conclu�
sion is confirmed by the earthquakes that took place
on December 26, 2004, with a magnitude of M = 9 and
on March 28, 2005, with M = 8.6 in Indonesia, the
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earthquakes in 2006 and 2007 (M > 8), as well as the
latest data on seismic activity for 2008.

It is interesting that the features of volcanic energy
release for the period of 1890–1971 are close to those
of seismic activity that can be seen by comparison of
the curves in Figs. 1a and 1b. Moreover, by comparison
of these curves, the fact comes under notice that in
some cases a short delay time in manifestation of the
maximums of volcanic activity with regard to the seis�
mic activity is observed. The positive correlation (r =
0.71) between energy released during earthquakes and
energy of volcanic eruptions has been established,
which is direct confirmation of the united nature of
tectonic and magmatic processes. The short time delay
of the volcanism maximums with regard to the corre�
sponding maximums of seismic activity can probably
point to the fact that the seismic process in compari�
son to volcanism is more an “operative response” of
the geological matter to processes occurring in deep
layers of the Earth.

It would be interesting to analyze on the basis of
catalogue [4] (Figs. 1c, 1d) the volumes of erupted
material (volcanic ash and lava) throughout the
period, spanning few solar cycles, along with the
energy of volcanic eruptions. As is seen from Figs. 1c
and 1d, the variations of volumes of volcanic ash and
lava were different. The time variations of volcanic ash
volume have a positive correlation with the energy of
eruptions. The correlation coefficient (r) is 0.8. The
time variations of the lava volume have a positive cor�
relation (r = 0.72) only with the energy of volcanic
eruptions with energy of less 1017] J. These peculiari�
ties can be associated with the fact that the volumes of
erupted volcanic ash are the most energetic explosive

component during the volcanic activity, whereas lava
eruptions occur under conditions of low energy
release. In general, the level of manifestation of effu�
sive activity is seen to be increased. The number of
active volcanoes (Fig. 1f) has a tendency to increase.

By analyzing seismic activity, it is interesting to
consider the time variations of the number of earth�
quakes in general (N) and the number of high�magni�
tude ones (Figs. 2a, 2b). As results from Fig. 2a, the
number of strong earthquakes with magnitude of M ≥ 8 at
the end of the nineteenth century increased, reaching
the maximum in the beginning of the twentieth cen�
tury and it was unchanged throughout the twentieth
century. Later on, the number of earthquakes
decreased, and at the end of the twentieth century, a
minimum number of earthquakes was registered, that
is, 100 years after the beginning of the increase. It is
remarkable that, in general, all earthquakes with mag�
nitude M ≥ 5.5 were increasing in number throughout
the twentieth century (Fig. 2b). The general number of
volcanic eruptions (Fig. 1f) increased as well. It should
also be noted that the curve of variation of the number
of earthquakes with the magnitude M ≥ 8 (Fig. 2a) is
similar to the curve of energy release during earth�
quakes (Fig. 1a). It is clear that seismic energy is deter�
mined mainly by strong earthquakes.

The possible connection of seismic activity and
volcanism on the Earth with geomagnetic activity is
discussed further. For the analysis of the latter, the aa�
index was used. It is the average daily equivalent
amplitude, measured in two antipodal observatories
(Greenwich and Melbourne) since 1867 [14].
Smoothed annual average values of Wolf’s numbers
over the period of 1878–2007 are presented in Fig. 1a;
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Fig. 2. Time variations of the number of earthquakes in ten�year periods (N) of different magnitudes on the Earth: a—the stron�
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smoothed annual average values of the aa�index are in
Fig. 2. It is seen that over the period under review an
increase of aa�index values and Wolf’s numbers took
place. Between these two parameters, a positive corre�
lation (r = 0.8) has been established. The annual time
variations of the number of active volcanoes (Fig. 1f) is
also characterized by a positive correlation (r = 0.9)
with the aa�index. Moreover, the similar character of
curves of the aa�index and the volume of lava erup�
tions testifies to a close connection between seismic
activity, volcanism, and geomagnetic activity.

In conclusion we wish to call attention to the fol�
lowing:

(1) In general, throughout the period under review,
a highly significant negative correlation of seismic and
volcanic activity with solar activity and geomagnetic
disturbances has been revealed.

(2) Peculiarities of variations of seismic activity and
volcanism allow proposing the existence of the overall
secular cycle of endogenic activity on the Earth, man�
ifested in seismic, volcanic, solar, and geomagnetic
activity.

(3) A positive correlation of energy release during
the volcanic eruptions with the volume of erupted vol�
canic ash has been revealed. The character of varia�
tions in the lava volume is positively correlated with
weak earthquakes and low�energy volcanic eruptions.
The total number of earthquakes (M ≥ 5.5) and the
number of active volcanoes are positively correlated
with each other and have a tendency to increase.

(4) One can suggest that solar activity, determining
the character of geomagnetic variations, is actually a
trigger mechanism inducing “seismic noise,” that is,
the appearance of relatively weak earthquakes with the
magnitudes M ≥ 5.5 and activation of volcanoes with

energy that does not exceed 1017 J. For strong earth�
quakes and high�energy volcanic eruptions, such a
connection is not observed.

(5) Similar variations of seismic and volcanic activ�
ity, as well as the presence of correlation dependencies
between them, are indicative of an inner singleness of
the endogenic activity on the Earth; that is, in general,
it can be connected with the general geophysical pro�
cess in the system of “Sun–Earth.”
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