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Abstract. Using the results of continuous long-term 

observations over 50 years (including solar cycles 20–

24), we study the relationship between Earth’s seismici-

ty and solar activity. An increase in the number of 

strong earthquakes on the planet occurs during the de-

cline phase of solar activity when charged particle flux-

es from high-latitude coronal holes increase, as well as 

during solar minimum when the intensity of galactic 

cosmic rays reaches a maximum. The change in the 

number of strong earthquakes (with magnitude 6) is 

considered in terms of variations in the intensity of ga-

lactic cosmic rays, Forbush decreases, and ground level 

enhancements in solar cosmic rays (GLE events). The 

number of strong earthquakes is shown to increase after 

Forbush decreases with a time lag from ~1 to ~6 days 

depending on the amplitude of Forbush decrease, and 

after ground level enhancements in solar cosmic rays 

(GLE events), the number of strong earthquakes in-

creases by ~8 day. In the number of strong earthquakes, 

a six-month variation is observed, which seems to fol-

low the six-month variation in cosmic rays with a delay 

of ~1–2 months. It is surmised that the relationship be-

tween solar activity and Earth’s seismicity seems to be 

mediated through the modulation of galactic cosmic 

rays and atmospheric processes that provoke the occur-

rence of earthquakes in regions where the situation has 

already been prepared by tectonic activity. 
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INTRODUCTION 

The presence of a link between Earth’s seismicity and 

11-year cycle of solar activity (SA) was indicated by Pierre 

Bernard as far back as 1938 [Russo, 1966]. Unfortunately, 

due to lack of long series of instrumental seismic observa-

tions, the relationship between the time of occurrence of 

earthquakes and solar processes was not explored. The 

results of research into processes occurring on the Sun and 

in the interplanetary medium, the massive amount of in-

strumental seismic observations, the use of an energy clas-

sification of earthquakes provided a more detailed study 

of the relationship between Earth’s seismicity and solar 

activity [Sytinsky, 1989]. The analysis of instrumental 

seismic observations for 1909–1926 and 1962–1977 has 

shown an increase in Earth’s seismicity near the maxi-

mum and minimum of the 11-year solar cycle. As a so-

lar activity index Wolf numbers (W) were utilized, and 

hence solar wind parameters and the interplanetary 

magnetic field (IMF) strength and direction were left 

out of account. Moreover, it also happens that there are 

no sunspots at all (for example, late 2008 — early 

2009), but this does not imply zero solar activity. 

 

DATA  

Variations in solar activity (Wolf numbers) 

[http://www.wdcb.ru/stp/solar/sunspots.ru.html; 

http://www.meteo-dv.ru/geospace/AverageMonthW; 

http://sidc.oma.be] and cosmic ray (CR) intensity, as 

derived from data obtained at the mid-latitude station 

Novosibirsk [http://cosm-rays.ipgg.sbras.ru] over a long 

observation period (more than half a century), are de-

picted in Figure 1. Until 1969, we used data from a cu-

bic-geometry neutron monitor with neutron counters 

SNM-8 [Yanchukovsky et al., 1971]. The data is nor-

malized to data from the neutron monitor NM-64 (with 

neutron counters SNM-15) [Hatton, Carmichael, 1964], 

which started continuous recording in 1969. 

The correlation coefficient of annual values of the 

count rate of the neutron monitor and Wolf numbers over 

the period is –0.87. This indicates sufficient data con-

sistency. The CR flux is a more objective characteristic of 

solar activity, albeit indirect. Cosmic rays as a flux of 

charged particles (mostly protons) are affected by solar 

wind and IMF. This explains the almost instantaneous 

response of CR to variations in IMF and solar wind pa-

rameters, caused, for example, by explosions on the Sun. 

So, information about processes on the Sun and in the 

interplanetary medium is passed on through modulation 

of background cosmic rays. In this regard, it is interesting 

to examine temporal regularities of global seismicity and 

CR intensity variations, using continuous high-precision 

observations over a long period (from solar cycle 20 to 

solar cycle 24). 

Study of Earth’s total seismicity usually relies on the 

energy characteristic of earthquakes — magnitude (M) 

[Gutenberg, Richter, 1954]. The spectrum of earthquakes 

in magnitudes N=f(M) is steeply-falling. The energy of 

earthquakes is related to magnitude by the empirical rela-

tion lgE=11.8+1.5 M, therefore the total energy of earth-

quakes ΣE is determined by the energy of strong earth-

quakes. Contribution of weak earthquakes (M≤6) in ΣE is 

a fraction of one percent [Sytinsky, 1989], therefore an 

increase in statistics (number N) at the cost of weak earth-

quakes leads to gross errors [Sytinsky, 1989]. Accordingly, 

when considering time characteristics of global seismic-

ity, we use information about strong earthquakes (M ≥6). 

Along with data from the global network of CR stations 

http://www.wdcb.ru/stp/solar/sunspots.ru.html
http://www.meteo-dv.ru/geospace/AverageMonthW
http://cosm-rays.ipgg.sbras.ru/
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Figure 1. Annual average values of Wolff numbers (curve 1) and count rate of the neutron monitor 24NM-64 at the CR sta-

tion Novosibirsk (curve 2) 

 

[http://www.nmdb.eu], we have utilized results of CR 

continuous observations (from 1970) obtained at the sta-

tion Novosibirsk with a neutron monitor 24NM-64 (with 

an effective area of 24 m
2
) [Yanchukovsky 2010; 

http://193.232.24.200/nvbk/ main.htm] and results of 

statistical processing of earthquake data 

[https://earthquake.usgs.gov/earthquakes] for 1970–

2019. Statistics on strong earthquakes for the same period 

is presented in Table 1. The total number of severe earth-

quakes over the said period is 4306. 

Table 1 

Monthly number of strong earthquakes 

over the period 1970–2019 

Y 

    M 
1 2 3 4 5 6 7 8 9 10 11 12 

In 

total 

1970 8 4 6 9 5 10 7 8 7 6 4 8 82 

1971 4 6 4 4 7 4 16 9 9 9 3 5 81 

1972 12 3 7 10 7 3 2 6 9 5 4 5 73 

1973 2 4 3 6 0 5 5 4 4 6 2 6 47 

1974 4 2 3 0 4 2 5 4 3 7 3 3 41 

1975 3 4 5 4 3 2 7 3 3 13 2 3 53 

1976 6 1 3 3 9 6 7 7 1 2 9 2 56 

1977 4 2 4 5 0 1 3 5 4 4 4 3 39 

1978 3 3 11 2 4 6 2 3 2 0 4 5 45 

1979 4 4 1 3 2 2 2 4 2 7 6 3 40 

1980 1 5 5 1 1 4 9 3 1 8 9 3 43 

1981 7 3 2 2 3 2 4 0 4 4 5 6 41 

1982 7 2 3 1 4 6 4 5 6 0 4 8 50 

1983 9 5 7 8 5 7 6 5 5 14 6 10 87 

1984 5 4 5 7 6 4 4 5 5 7 11 5 68 

1985 3 1 17 7 8 7 8 7 8 8 6 9 89 

1986 2 1 6 5 11 9 6 9 5 9 3 6 72 

1987 9 9 8 8 8 8 5 3 9 11 7 4 88 

1988 5 10 4 5 4 5 10 7 1 3 9 3 67 

1989 4 6 1 7 8 3 4 8 5 6 3 7 62 

1990 2 6 9 11 14 8 8 6 6 4 5 6 85 

1991 7 4 4 8 8 8 5 4 4 6 7 14 80 

1992 1 4 8 6 10 5 6 12 7 12 6 5 82 

1993 6 2 9 7 9 8 4 10 12 7 2 5 82 

1994 5 9 5 6 6 8 7 4 4 11 4 7 76 

1995 8 8 2 11 15 5 6 13 3 12 8 11 103 

1996 3 13 8 3 2 12 6 4 7 8 6 5 77 

1997 3 3 4 5 10 4 4 6 3 7 6 6 61 

1998 11 5 5 4 8 5 6 6 5 2 6 2 65 

1999 5 3 5 6 4 4 4 8 10 4 10 12 75 

2000 6 3 6 2 6 15 6 10 4 7 13 7 85 

2001 13 9 3 5 8 6 8 6 5 7 5 7 82 

2002 8 4 8 5 2 12 1 6 9 9 11 4 79 

2003 7 8 7 7 13 8 7 4 11 7 7 12 98 

2004 5 8 2 5 6 8 8 2 11 9 16 8 88 

2005 11 15 9 11 10 9 6 2 8 8 6 8 105 

2006 6 5 2 8 9 6 7 8 9 12 8 8 88 

2007 8 6 8 12 4 7 9 14 21 9 13 7 118 

2008 7 19 7 19 12 7 9 9 6 10 10 11 126 

2009 11 3 9 13 10 7 7 13 11 18 7 7 117 

2010 14 16 20 22 19 13 18 13 11 8 6 11 171 

2011 9 13 35 13 6 11 13 13 19 11 11 6 160 

2012 15 11 11 12 12 12 8 14 8 14 8 6 131 

2013 4 17 6 15 15 7 10 11 9 13 9 4 120 

2014 7 6 19 18 20 14 10 12 3 6 13 8 136 

2015 8 8 6 11 20 7 13 4 18 6 17 10 128 

2016 13 10 6 12 6 9 7 11 15 9 14 20 132 

2017 10 9 4 11 14 8 10 11 14 9 14 11 125 

2018 10 8 6 2 4 2 4 21 12 14 10 13 106 

2019 7 4 7 11 9 15 9 7 9 6 13 5 102 

  
333 328 345 378 390 346 342 369 365 399 369 34

9 

4306 

 

DISTRIBUTION OF THE NUMBER 

OF EARTHQUAKES  

AND COSMIC RAY INTENSITY 

OVER A LONG PERIOD 

The relationship between the total annual energy of 

earthquakes and the CR intensity (from data acquired 

with the high-latitude neutron monitor Apatity) has been 

considered before [Sobolev et al., 1998] for the period 

from 1975 to 1987, i.e. only for one solar cycle (21). 

The correlation coefficient in the period of interest is –

0.82, but a question arises as to whether such a suffi-

http://www.nmdb.eu/
http://193.232.24.200/nvbk/main.htm
https://earthquake.usgs.gov/earthquakes
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ciently close relationship is observed in a larger time 

interval, for example, for several solar cycles.  

Figure 2, a shows CR intensity variations, presented as 

a count rate of the neutron monitor, and the number of 

earthquakes per year with M≥6 over a long observation 

period. When comparing the number of strong earthquakes 

per year N(t) and CR intensity I(t) for nearly five SA cy-

cles, it is difficult to conclude about very high regularity of 

the relationship between SA and global seismicity, as is 

done in [Sytinsky, 1989] by the example of only two solar 

cycles (15 and 20) and in [Sobolev et al., 1998] by the ex-

ample of one solar cycle (21). In the temporal distribution 

of the number of strong earthquakes N(t) with M≥6 in the 

period of interest there is a significant linear trend 

N(t)=a+bt(a=40.905; b=1.575), shown in Figure 2, a 

(orange line). We singly smoothed raw data (Figure 2, 

a), using a moving average with a step equal to 3, and 

took the linear trend into account. The results are pre-

sented in Figure 2, b. 

Continuous series of data for the last five SA cycles 

and the epoch overlay method were used to obtain dis-

tributions of Wolf numbers W, CR intensity, and the 

number of strong earthquakes in terms of the SA phase. 

The CR intensity is represented as the count rate of the 

neutron monitor of the station Novosibirsk. As a refer-

ence year, the year with a maximum Wolf number is 

taken. The resulting distributions are shown in Figure 3.  

There is a positive correlation between a change in 

the number of strong earthquakes and the CR intensity, 

with the greatest changes in the number of earthquakes 

occurring during periods when the rate of CR intensity 

variation in the SA cycle is maximum. The number of 

strong earthquakes increases during the decline phase of 

solar activity, when charged particle fluxes from high-

latitude coronal holes enhance, and also during the SA 

minimum, when the CR intensity is maximum. 

DISTRIBUTION OF THE 

NUMBER OF STRONG 

EARTHQUAKES DURING 

SPORADIC COSMIC RAY 

INTENSITY VARIATIONS 

In the first place among sporadic SR intensity varia-
tions are Forbush effects (Forbush decreases, FD), 
which are usually caused by powerful solar flares. A 
Forbush decrease is a sharp, for several hours, decrease 
in the CR intensity, followed by its slower (sometimes 
for 15 days) recovery. For the period from 1968 to 
2018, 185 FD have been examined, 90 of the events 
with an amplitude from 2.5 to 4 %; 65, with an amplitude 
from 5 to 7 %; and 30, with an amplitude of at least 8 %. 
The number of FD drops with increasing amplitude of the 
effect. Also small is statistics of strong earthquakes. 

The relationship of strong earthquakes (M≥6) with 

FD was examined using the epoch overlay method. As a 

reference day, the day of the beginning of FD (FD front) 

is taken. The results are presented in Figure 4. 

Distribution of the number N of strong earthquakes 

(M  ≥6) with respect to the FD front  (Figure 4) is shown 

for different amplitudes of CR intensity decreases. A 

slight increase in N during FD with an amplitude of ≥8 

% occurs one day after the beginning of the CR intensi-

ty decrease; for FD by 5–7 %, on the first and fourth 

day; and for FD by 2.5–4 %, on the first and sixth day. 

Therefore, in the distribution of the number of strong 

earthquakes, illustrated in Figure 5, for all 185 events 

considered there are three maxima, the highest occur-

ring on the sixth day. 

 

 

 

Figure 2. Eleven-year CR variations (curve 1) and variations in the number of strong earthquakes (curve 2): a — raw data; b 

— smoothed data with linear trends taken into account  
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Figure 3. Distribution of Wolff numbers (curve 1), count rate of a neutron monitor (curve 2), and the number of strong earth-

quakes (curve 3) in a solar cycle 

 

Figure 4. Distribution of the number of strong earthquakes with respect to the front of Forbush decreases with amplitudes of 

≥8 % (curve 1, right scale), 5–7 % (curve 2, right scale), 2.5–4 % (curve 3, left scale) 

 

 
Figure 5. Distribution of the number N of strong earthquakes with respect to the FD front for 185 FD over the period 

from 1968 to 2018. Thin lines are confidence limits 3σN   

 
Sporadic CR intensity variations also include solar 

CR flares caused by solar proton events (SPE), recorded 
on Earth as so-called ground level enhancements (GLE) 
of the solar CR intensity. The CR variations observed 
during GLE with neutron monitors may sometimes ex-
ceed the 11-year variation and the largest CR  Forbush 
decreases by more than an order of magnitude. GLE of 
the solar CR intensity are fairly rare events — less than 
5 % of all solar proton events. On the average, one GLE 
event occurs per year. The last GLE was recorded on 

December 13, 2006. In total, 18 events have been rec-
orded with the neutron monitor 24NM-64 at the mid-
latitude CR station Novosibirsk over 50 years, which 
then have been used to study the relationship between 
GLE and strong earthquakes. Distribution of the number 
of strong earthquakes with respect to the date of GLE, 
obtained by the epoch overlay method, is shown in Fig-
ure 6. As a reference day, the day when a CR flare oc-
curred is taken. The maximum number of strong earth-
quakes is observed on the eighth day after the CR flare. 
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COSMIC RAY VARIATIONS 

DURING STRONG EARTHQUAKES 

Let us consider CR variations with respect to the 

date of the beginning of the severest earthquakes (M≥7) 

for the period of interest [https://earthquake.usgs. 

gov/earthquakes/browse/significant.php; http://www. rus-

stat.ru/index.php?vid=1&year=2001&id=49 & page=2]. 

Information about these earthquakes is given in Table 2. 

The result received by the epoch overlay method is 

shown in Figure 7. As a reference day the day of the 

beginning of an earthquake is taken. 

In the period from 18 to 4 days prior to the begin-

ning of an earthquake there are CR intensity variations 

with an amplitude of ~1.5 % (Figure 7). The CR intensi-

ty variation in this period appears as a strong (long) 

bipolar pulse with a high positive amplitude. 

 

SEMIANNUAL VARIATION 

IN THE COSMIC RAY INTENSITY 

AND SEASONAL DISTRIBUTION 

OF THE NUMBER OF STRONG 

EARTHQUAKES 

The extra-atmospheric nature of seasonal CR inten-
sity variations with peaks during equinoxes was first 
mentioned in [Dorman et al., 1967]. Results of subse-
quent theoretical and experimental studies of the nature 
of annual and semiannual CR intensity variations are 
reported in [Krymsky et al., 1981, 2007, 2009, 2012; 
Belov et al., 2015], etc. The following facts have been 
found. The semiannual and annual CR intensity varia-

tions are caused, on the one hand, by the presence of the 
heliolatitude gradient of the CR density, which is due to 
the north-south asymmetry in the low-latitude helio-
sphere; and, on the other hand, by the position and 
opening of the IMF neutral layer, as well as by the 
asymmetry in  activity of solar hemispheres [Krymsky 
et al., 2007, 2009, 2012; Belov et al., 2015]. 

The seasonal CR flux distribution in the atmosphere 
has been assessed using neutron monitor data. Monthly 
averages of the count rate of neutron monitors of the 
global network for 1970–2019, corrected for meteoro-
logical effects, were used [http://www.nmdb.eu]. A sea-
sonal CR intensity variation at CR stations of the North-
ern (a) and Southern (b) hemispheres is shown in Figure 8. 
Coordinates of the CR stations, altitude, neutron moni-
tor type, as well as references to websites of the stations 
are given in Table 3. 

When determining the monthly averages, all data 
was consumed regardless of the solar cycle phase, in-
cluding periods of strong FD and CR flares. It is easy to 
observe that the results received from data acquired at 
CR stations of the Northern Hemisphere are more con-
sistent (Figure 8, a). This is accounted for the higher 
quality of the data: they are continuous, amassed with 
instruments of the same type, from a large effective 
area, which provides high statistical accuracy of record-
ing. Among CR stations in the Southern Hemisphere, 
only the station Tsumeb has a device that is on a level 
with devices of CR stations in the Northern Hemi-
sphere. 

 

 

Figure 6. Distribution of the number of strong earthquakes relative to the date of GLE. Thin lines are confidence limits 
 

Table 2 
The strongest earthquakes over the past 50 years 

 

No. Earthquake date Event location Magnitude  

on the Richter scale 

1 1966, April 26 USSR, Uzbekistan, Tashkent 5.2 

2 1970, May 31 Peru 7.9 

3 1971, September 6 USSR, Sakhalin Island, Moneron 7.3 

4 1972, February 4 Guatemala, Honduras 7.5 

5 1976, February 4 Guatemala  7.5 

6 1976, April 8 USSR, Uzbekistan, Gazly 7.0 

7 1976, July 28 China, Tanshan 7.4 

8 1977, March 4 Romania, Bucharest 7.5 

9 1978, September 16 Iran, Thebes 7.4 

10 1980, October 10 Algeria, Al Asnam 7.3 

11 1985, September 18 and 

19  

Mexico, Mexico City 8.0 
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12 1988, December 7 Armenia, Spitak 6.8 

13 1990, June 21 Iran, the Caspian Sea area 7.4 

14 1993, September 30 India, Maharashtra 7 

15 1995, May 27 Russia, Sakhalin Island, Neftegorsk 7.1 

16 1998, May 30 Afghanistan 6.6 

17 1999, August 17 Turkey 7.6 

18 1999, September 21 Taiwan 6.4 

19 2000, June 17 Iceland 6.5 

20 2000, August 5 Russia, Sakhalin Island 6.8 

21 2000, December 6 Caspian region, Turkmenistan 7.0 

22 2001, January 26 India, Gujarat 7.7 

23 2002, March 3 Northern Afghanistan 7.4 

24 2002, March 25 Afghanistan 7 

25 2003, December 26 Southeast Iran  6.6 

26 2004, December 26 Indian Ocean, to the north of the Indonesian 

island of Sumatra 

9.1 

27 2005, January 12 Haiti 6.8 

28 2005, October 8 Pakistan 7.6 

29 2008, May 12 China, Sichuan Province 7.9 

30 2010, January 12 Haiti 7.0 

31 2010, February 27 Chile 8.8 

32 2011, March 11 Japan, Honshu 9.1 

33 2015, April 25 and 26 Nepal 7.8 
 

 

Figure 7. CR intensity distribution with respect to the beginning of an earthquake 
 

 
 

Figure 8. Seasonal CR intensity variation derived from neutron monitor data: a — in the Northern Hemisphere (1 — Novosi-

birsk; 2 — Irkutsk; 3 — Ouly; 4 — Moscow); b — in the Southern Hemisphere (1 — Hermanus; 2 — Potchefstroom; 3 — 

Sanae; 4 — Tsumeb) 
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Table 3 

 
CR stations of the World network 

 

World network 
cosmic ray station 

Coordinates Altitude 
Type 

Instrument 
Link 

Novosibirsk,  
Russia 

54.48° N 
83.0° E 

163 m 24-NM-64 http://193.232.24.200/nvbk/main.htm 

Irkutsk,  
Russia 

52.28° N  
104.02° E  

475 m 18-NM-64 http://cgm.iszf.irk.ru 

Oulu,  
Finland 

67.05° N, 
25.47° E 

15 m 18-NM-64 http://cosmicrays.oulu.fi 

Moscow,  
Russia 

55.47° N 
37.32° E  

200 m 24-NM-64 http://cr0.izmiran.ru/mosc 

Hermanus,  
South Africa  

34.43° S 
19.23° E 

26 m 12-NM-64 
http://www.puk.ac.za/fakulteite/natuur/n
m_data/data/nmd_e.html  

Potchefstroom,  
South Africa 

26.68° S, 
27.09° E 

 

1351 m IGY NM 
http://www.puk.ac.za/fakulteite/natuur/n
m_data/data/nmd_e.html 

Sanae, 
Antarctica 

71.66°S,  
02.85° W 

856 m 3-NM-64 
http://www.puk.ac.za/fakulteite/natuur/n
m_data/data/nmd_e.html 

Tsumeb, 
Namibia 

19.20° S, 
17.58° E 

 

1240 m 18-NM-64 
http://www.puk.ac.za/fakulteite/natuur/n
m_data/data/static-content/tsumeb.dat 

 

 

Despite this, the semiannual CR intensity variation with 
almost equal amplitude is observed simultaneously at all 
the stations, regardless of coordinates and altitude of the 
stations above sea level (Figure 8). It can be concluded 
that the semiannual CR intensity variation is mainly due 
to the position and opening of the IMF neutral layer at the 
intersection of which ground level enhancements of the 
galactic cosmic ray intensity are observed twice a year. 

The seasonal variability of the number of earthquakes 

has been found in [Kropotkin, Lust 1974] only for weak 

and moderate earthquakes. For earthquakes with M≥5.5, 

everything is not cut and dried. Figure 9 shows the season-

al distribution of the number of strong earthquakes and the 

semiannual variation in the galactic cosmic ray intensity, 

averaged separately for stations of the Northern and South-

ern hemispheres (Table 3). The seasonal distribution of 

seismic activity has been assessed using data 

[https://earthquake.usgs.gov/earthquakes] on strong 

earthquakes with M≥6 over 50 years (Table 1).  

We can see (Figure 9) that the seasonal distribution of 

the number of strong earthquakes seems to follow the sem-

iannual CR intensity variation. Thus, the seasonal variabil-

ity is characteristic not only of weak and moderate earth-

quakes, but of severe ones as well. In terms of seismology, 

it is very difficult to explain the presence of seasonal varia-

bility of earthquakes.  

 

IMPACT 

OF COSMIC RAYS 

ON ATMOSPHERIC PROCESSES 

Cosmic rays are the main source of the atmosphere 

ionization up to heights of ~100 km [Usoskin, Ko-

valtsov, 2006;  Usoskin et al., 2010], which leads to 

substantial physical changes in atmospheric air [Dor-

man, 2004; Harrison, Tammet, 2008]. Resulting ions are 

involved in many atmospheric processes: in the for-

mation of the cloud cover [Pudovkin, Veretenenko, 

1995; Svensmark, 1998; Marsh, Svensmark, 2000; Pallé 

et al., 2004; Usoskin et al., 2004; Usoskin, Kovaltsov, 

2006;  Voiculescu et al., 2006], in the formation of pre-

cipitation [Kniveton, 2004] and aerosols [Lee et al., 

2003; Mironova et al., 2008;  Lushnikov et al., 2014], 

and affect the atmosphere transparency [Kudryavtsev, 

Jungner, 2008, 2011; Roldugin, Tinsley, 2004], the 

global electric circuit [Harrison, 2004; Tinsley, 2000; 

Ermakov, Stozhkov, 2004; Tinsley, Zhou, 2006], and 

cyclogenesis in the middle and high latitudes [Tinsley et 

al., 1989; Tinsley, 2012; Veretenenko, Thejll, 2004].  

Considerable variations have been found in the gen-

eral cloud cover, which are associated with CR intensity 

variations during FD of galactic CR and solar CR flares 

[Veretenenko, Pudovkin, 1994; Pudovkin, Veretenenko, 

1995]. It has been established [Svensmark, 2000] that 

the cloud cover S and CR intensity I variations are relat-

ed by δS/S=kδI/I, where k≈0.2 up to 10 %. The correla-

tion analysis has shown the presence of a high positive 

correlation (the correlation coefficient of 0.80) [Chukin, 

2007] between the CR intensity and the amount of low-

level clouds (680 hPa and more [Hahn et al., 2001]). 

For medium-level (440–680 hPa) and high-level (440 

hPa or less) clouds there is a faint insignificant negative 

correlation with the CR intensity (–0.54 and –0.48 re-

spectively). The 11-year CR intensity variations by ±10 

% are shown to cause changes in the cloud cover by 

over ±1 %, and the 11-year variation in the global cloud 

cover causes changes in solar energy flux near  Earth's 

surface with an amplitude of 10 W/m
2
 [Chukin, 2007]. 

To explain the CR effect on weather events, mecha-
nisms have been proposed [Krymsky, 2006; Kudryavtsev, 
Jungner, 2011] where the atmosphere ionization by CR 
whose intensity is modulated by solar activity is considered 
to be the main process. Laboratory experiments at EONR 
[Duplissy et al., 2010] and in Copenhagen [Enghoff et al., 
2011] confirm the existence of the proposed mechanisms. 

 

http://193.232.24.200/nvbk/main.htm
http://cgm.iszf.irk.ru/
http://cosmicrays.oulu.fi/
http://cr0.izmiran.ru/mosc/
http://www.puk.ac.za/fakulteite/natuur/nm_data/data/nmd_e.html
http://www.puk.ac.za/fakulteite/natuur/nm_data/data/nmd_e.html
http://www.puk.ac.za/fakulteite/natuur/nm_data/data/nmd_e.html
http://www.puk.ac.za/fakulteite/natuur/nm_data/data/nmd_e.html
http://www.puk.ac.za/fakulteite/natuur/nm_data/data/nmd_e.html
http://www.puk.ac.za/fakulteite/natuur/nm_data/data/nmd_e.html
http://www.puk.ac.za/fakulteite/natuur/nm_data/data/static-content/tsumeb.dat
http://www.puk.ac.za/fakulteite/natuur/nm_data/data/static-content/tsumeb.dat
https://earthquake.usgs.gov/earthquakes
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Figure 9. Semiannual CR intensity variation at stations of the Northern (curve 1) and Southern (curve 2) hemispheres and 

seasonal distribution of the number of strong earthquakes (curve 3) 

 

 

These mechanisms of CR effect on weather events 

account for how the atmosphere ionization by CR 

leads to temperature and pressure variations and 

hence to a change in the atmospheric circulation, 

through which the thermal energy is spread over the 

atmosphere. The atmospheric circulation changes 

lead to significant changes in atmospheric processes.  

 

ATMOSPHERIC PROCESSES 

AND SEISMICITY 

Evidence for the possible effect of atmospheric pro-

cesses on seismicity was reported as far back as the be-

ginning of the last century [Golitsyn, 1912; Gutenberg 

1935]. The analysis of synoptic situations has revealed 

[Sytinsky, 1987; Sytinsky, Oborin, 1997; Bokov, 2004; 

Bokov, Vorob'ev, 2007] that before a severe earthquake 

around the epicenter at a distance of about thousand 

kilometers there are significant changes in atmospheric 

processes.  

In the troposphere, vortices constantly arise, evolve, 

and disappear. Some are small and imperceptible, oth-

ers, such as cyclones and anticyclones, are large-scale 

and markedly affect Earth’s climate. A cyclone is a vor-

tex with decreasing pressure toward the center; an anti-

cyclone has a reverse pressure distribution. In the 

Northern Hemisphere in a cyclone winds blow counter-

clockwise, deviating in the lower layer to the center; in 

the Southern Hemisphere, clockwise  (in an anticyclone, 

winds blow just the opposite). In moderate and polar 

latitudes, extratropical cyclones occur which, having at 

the initial stage a diameter of about one thousand kilo-

meters, reach a diameter of several thousands of kilome-

ters. The diameter of cyclones that appear in tropical 

latitudes is hundreds of kilometers. Nonetheless, large 

pressure gradients and wind speeds may promote con-

version of tropical cyclones as they evolve into extra-

tropical ones. The presence of the Coriolis force due to 

the Earth rotation causes cyclones to occur continually. 

The energy of a medium cyclone is comparable to the 

total annual energy of all earthquakes [Yaroshevich, 

2019]. At the stage of formation, a cyclone is a low 

pressure center [Khrgian, 1986]. Pressure and wind gra-

dients at the initial stage of a cyclone are weak; the at-

mospheric front is slightly disturbed.  
A number of recent works [Bokov et al., 2011; 

Bokov, Vorob'ev, 2012, 2013, 2014, 2016] have studied 
the impact of atmospheric circulation on seismicity. It 
has been found out that it is precisely the atmospheric 
circulation that causes enhancement of some geophysi-
cal precursors: geoacoustic noise, radon emission, 
changes in the water level, deformation and tilts of the 
earth’s crust [Bokov, Vorob'ev, 2012, 2014]. When con-
sidering the impact of atmospheric processes on the 
seasonal variability of the number of strong earthquakes 
for the Caucasus, Kuril Islands, Japan, Turkey, and 
Greece in [Bokov, Vorob'ev, 2007; Bokov, 2010], it has 
been shown that the number of strong earthquakes in-
creases with increasing frequency of occurrence of trav-
eling cyclones and anticyclones. 

Every year in the atmosphere there are about 150 cy-
clones and 60 anticyclones. In an anticyclone, additional 
pressure on a horizontal surface (excessive load) is as high 
as 5·10

8
 kg/km

2
 [Bokov, Lebedev, 2017]. The opposite 

situation occurs in a cyclone. This gives rise to fluctuations 
in the earth’s crust (Love surface seismic waves 
[http://www.mining-enc.ru/s/ sejsmicheskie-volny]). If the 
anticyclone — cyclone boundary is located above the fault 
and passes along it, the difference between effects on dif-
ferent sides of the fault can trigger an earthquake [Bokov, 
2004; Bokov, Vorob'ev, 2014; Bokov, Lebedev, 2017]. As 
a result of studies of the relationship between atmospheric 
processes and seismic activity, a seismosynoptic method 
for short-term prediction of earthquakes with a 2–3 day 
lead time has been proposed. It has a forecast success rate 
of about 75 % for all earthquakes: weak, moderate, and 
strong [Bokov, Vorob'ev, 2014; Bokov, Lebedev, 2017]. 
This confirms that continuously traveling air vortices 
[Bokov, 2004] together with endogenous processes 
[Gokhberg et al., 1983] cause changes in the stress-strain 
state of the earth’s crust and generate fluctuations in it. 

 

CONCLUSION 

The number of severe earthquakes on the planet in-

creases during the decline phase of solar activity when 

http://www.mining-enc.ru/s/sejsmicheskie-volny/
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charged particle fluxes from high-latitude coronal holes 

enhance, as well as at solar minimum when the galactic 

cosmic ray intensity is maximum. 

The number of earthquakes has been demonstrated 

to increase after Forbush decreases with a delay from ~1 

to ~6 days depending on the Forbush decrease ampli-

tude, and after a GLE event the number of earthquakes 

increases on the ~8th day.  

There is a semiannual variation in the number of 

strong earthquakes, which seems to follow the semian-

nual variation in cosmic rays with a delay of ~1–2 

months.  

It is assumed that solar activity and Earth’s seismici-

ty is indirectly related through modulation of galactic 

cosmic rays and atmospheric processes, which trigger 

earthquakes in regions where the situation has been pre-

pared by tectonic activity.  

The work is based on experimental data from the 

Unique Research Facility URF-85 “Russian National 

Network of Cosmic Ray Stations”.  

This work was performed with budgetary funding of 

Basic Research program No. 0331-2019-0013 “Mani-

festation of processes of the deep geodynamics in geo-

spheres as derived from monitoring of the geomagnetic 

field, ionosphere, and cosmic rays”.  
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