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Abstract

The relations between sunspot number, sunspot areas, solar 10.7 cm radio flux, solar proton
events and earthquakes of magnitude M > 5and M > 8 during the time interval between 1996 and
2008 of the solar cycle 23 have been analyzed in this work. We have found that there is a direct relation
between solar activity and Earth seismic activity for M > 5and M > 8, near the maximum of the Solar
cycle 23, and an inverse relation between them at the descending phase of the cycle.

Introduction

Most of the studies about the relation between solar activity and earthquakes
have a cyclicity of about 11 and 22 years like the solar activity cycles. The solar
cycle 23 seems to be of a great interest for the researchers due to many peculiarities.
Some scientists believe that solar activity can cause earthquakes, volcanoes or
extreme weather, and solar activity, presented by sunspots, radio noise and
geomagnetic indices, plays a significant but by no means exclusive role in the
triggering of earthquakes.

It is well known that various kinds of solar transient activities such as solar
flares, disappearing filaments and coronal mass ejections (CMESs) are responsible for
strong interplanetary disturbances and corresponding geomagnetic disturbances.
Terrestrial effect of these activities as abrupt accelerations in the Earth's angular
velocity or surges of telluric currents in the Earth's crust are the actual coupling
mechanisms which trigger quakes. Scientists also found that, earthquakes occur
frequently around the years of minimum solar activity. Generally, the earthquake
activities are relatively less during the peak of the solar activity cycle, some say,
around the period of polarity reversal. And also, the earthquake frequency in the
period of solar activity minimum is closely related to the maximum annual means of
sunspot numbers, the maximum annual means of solar 10.7 cm radio flux and solar
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proton events of the whole solar cycle. The relation between earthquakes and solar
proton events is closer than the others [1].

Most of earthquakes are induced by the mutual squeeze and collision of the
earth crustal plates. However, many geophysicists do not deny that any disaster
cannot be attributed to the Earth’s own motion. The Sun is the energy source of the
Earth. Amendments of its activity influence and modulate the motion and change the
whole Earth or its certain part. Therefore, many studies about the relation between
solar activity and earthquake activity have come out. Generally, most of these studies
investigate the relation between the recurrent variation of sunspot number and
earthquake activity. Sytinskiy [2, 3] carried out a series of research on the influence
of solar activity on the earth's seismicity. Simpson [4] found that maximum quake
frequency occurs at times of moderately high and fluctuating solar activity.
Lursmanashvili [5] carried out series of research on the influence of solar activity on
the Earth's seismicity and speak about a possibility of influence of the Sun
activity on earthquake distribution in the Caucasus. The team led by Zhang, G. Q.
and Odintsov [1, 6] studied the long period tendency in global earthquake
geomagnetic activity and some simple relationships between solar activity and
global number of earthquakes with magnitude equal and larger than 4 (M > 4). The
authors Zhang, G. Q., Dorman, L. I. and Gerontidou [1, 7, 8] found that internal
effects such as subsidence, volcanic and tectonic effects are not the only reason of
earthquake but also earthquakes can be triggered by some external effects such as
cosmic rays, magnetic field and solar activity. The team led by Courtillot, V. [9]
explained that the radiations emitted from the Sun not only have very serious effects
on the Earth's atmosphere, but also affect the Earth's surface. Low level clouds, ocean
temperatures, land temperatures, tropospheric temperatures, and earthquakes are
shown as evidences. Khain, V. E. and Khalilov, E. N. [10] found that the periodicity
of solar activity have an influence upon the periodicity of geodynamic processes.
Marilia, T. and Anibal, A. [11] inspected possible influence of solar cycles on
earthquakes using statistical analyses. Their results show that a significant increase
in earthquake events in some of the tectonic plates is linked to solar maxima. The
team led by Nikouravan, B. [12] studied in details the relationship between sunspot
number, solar 10.7 c¢cm radio flux, solar irradiance, solar proton events and
earthquake events in Iran.

Data used

The studied solar cycle is 23rd solar cycle since 1755, when extensive
recording of sunspot activity began. The solar cycle lasted 12.6 years, began in May
1996 and ended in January 2008. The maximum smoothed sunspot number (monthly
number of sunspots averaged over a twelve-month period) observed during the solar
cycle was 120.8 (March 2000), and the minimum was 1.7. There were a total of
805 days without sunspots during this cycle [13]. Sunspot number (annual mean or
yearly average) are taken from SIDC web site (Solar Influence Data Analysis



Center), data for solar proton events (>100 MEV) are taken from NOAA/NGDC
(National Geophysical Data Center) web site, sunspot area data from Royal
Observatory, Greenwich USAF/NOAA Sunspot Data site, and 10.7 solar radio flux
(yearly average observed flux) data were taken from Space Weather Canada (Natural
Resources Canada) web site for the 19962008 time period. Earthquake activity data
had been collected from National Earthquake Information Center — NEIC / U.S.
Geological Survey — USGS, with magnitude M > 5 for the same time period. This
solar cycle has 7 141 total number of earthquakes, 6 059 earthquakes with M > 5,
930 earthquakes with M > 6, 140 earthquakes with M > 7 and 12 earthquakes with
M >8.

Large earthquakes, with M = 8.1 took place in 1998, 1 with M = 8 took place
in 2000, 1 with M = 8.4 took place in 2001, 1 with M = 8.3 took place in 2003, 2
with M = 8.1, 9.1 took place in 2004, 2 with M = 8§, 8.3 took place in 2006 and 4
with M = 8.1, 8.1, 8, and 8.5 took place in 2007, as shown in Table 1. Here we divide
the data into two categories according to the magnitude of earthquakes (M > 5 and
M > 8) and compare them with the corresponding solar data. It has been carried out
some statistical analysis showing the relation between the solar activity and the
corresponding earthquake activity.

Table 1 illustrates the 12 large earthquakes occurred during solar cycle 23
(from May 1996 to January 2008) and show their time, depth, magnitude, latitude
and longitude.

Table 1. Large earthquakes during solar cycle 23

No. | Year | Month | Day | Hour | Min. | Depth | Magnitude | Latitude | Longitude
1 | 1998 3 25 3 12 20.1 8.1 -63.90 149.61
2 | 2000 11 16 4 54 27.6 8 -3.99 153.26
3 ]2001 6 23 20 33 32 8.4 -16.38 -73.50
4 | 2003 9 25 19 50 27 83 41.86 143.87
5 | 2004 12 23 14 59 3.5 8.1 -49.33 161.42
6 | 2004 12 26 0 58 30 9.1 3.30 95.98
7 | 2006 5 3 15 26 55 8 -20.15 -174.10
8 | 2006 11 15 11 14 10 8.3 46.58 153.27
9 |2007 1 13 4 23 10 8.1 46.23 154.55
10 | 2007 4 1 20 39 10 8.1 -8.43 157.06
11 | 2007 8 15 23 40 39 8 -13.38 -76.61
12 | 2007 9 12 11 10 34 8.5 -4.44 101.37




Results and discussion

(1) Solar activity and the number of earthquakes with M > 5 during
solar cycle 23

Carrying out some statistical analysis and drawing graphs, we show the
relationship between solar activity data and the number of earthquakes with M > 5
during the 19962008 period (Fig. 1). It is also evident that in 2000 sunspot number
is maximal and the earthquake number is maximal, in 2002 the sunspot number is in
maximum but the earthquake number is in minimum, and in 2007 the earthquake
number is in maximum when the sunspot number is in minimum.

Fig. 2 illustrates the relation between GEOS proton fluence > 100 MEV and
earthquake number with M > 5. We see that in 1997, 2000, 2003 the earthquake
number and the GEOS proton fluence > 100 MEV are in maximum and in 2007 the
GEOS proton fluence > 100 MEV is in minimum and the earthquake number is in
maximum.

On Fig. 3 is illustrated the relation between the mean annual solar flux and
earthquake number with M > 5. It shows that in 2000 the earthquakes number and
the mean annual solar flux were in maximum, but in 2007 the mean annual solar flux
was in minimum and the earthquake number is in maximum.

On Fig. 4 is illustrated the relation between both observed and corrected
sunspot area and the earthquake number with M > 5. It shows that in 2005 the
earthquakes number is in minimum when the sunspot area is in maximum and in
2007 the sunspot area and the earthquake number is in maximum.

From Fig. 1-4 we see that for earthquakes M > 5 near the maximum of the
cycle 23 there is a direct relation between sunspot number, mean annual 10.7 cm
solar radio flux, mean annual GEOS proton fluence and earthquake number.

Also, at the maximum of the cycle there is an inverse relation between the
sunspot number and earthquake number, and a direct relation between GEOS proton
fluence and earthquake number. Finally, at the descending phase of the cycle there
is an inverse relation between sunspot number, mean annual solar flux, GEOS proton



fluence and earthquake number and a direct relation between sunspots area and
earthquake number.

Fig. 1. Relation between sunspot number and the number of earthquakes
with magnitude M > 5 during the solar cycle 23

Fig. 2. Relation between GEOS proton fluence > 100 MEV and the number of earthquakes
with magnitude M >5 during the solar cycle 23
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g. 3. Relation between mean annual solar flux and the number of earthquakes
with magnitude M > 5 during the solar cycle 23.

\

4 L

50 )
|

0 T T T T T T T

800
700
600
500
400
300
200
100
0

1994 1996 1998 2000 nggrzs 2004 2006 2008 2010

EQ. No.

obs. Area in
millionths

corrected
areain
millionths

== EQ No.,
M2>5

10

Fig. 4. Relation between both observed and corrected sunspot area and the number
of earthquakes with M > 5 during solar cycle 23




(2) Solar activity and the number of earthquakes with M > 8 during
solar cycle 23

Carrying out some statistical analysis and drawing graphs, we have shown
the relationship between the solar activity data and earthquake number with M > §
during the 1996-2008 period in Fig. 5. We see that in 2000 the sunspot number and
the earthquake number are in maximum and in 2004 and 2007 the sunspot number
is in minimum but the earthquake number is in maximum. Fig. 6 illustrates the
relation between GEOS proton fluence > 100 MEV and earthquake number with M
> 8 and show that in 2001 the earthquake number and the GEOS proton fluence >
100 MEV are in maximum; in 1998, 2002 the GEOS proton fluence > 100 MEV and
earthquake number are in minimum and in 2004 and 2007 the earthquake number is
in maximum when the GEOS proton fluence > 100 MEV is in minimum. Fig. 7
illustrates the relation between mean annual solar flux and earthquake number with
M > 8 and show that in 2001 the earthquake number and the mean annual solar flux
are in maximum, in 2002 mean annual solar flux is in maximum and earthquake
number is in minimum, and in 2007 the earthquake number is in maximum and the
mean annual solar flux is in minimum. Fig. 8 illustrates the relation between both
observed and corrected sunspot area and earthquake number with M > 8 and show
that in 2004 the earthquake number is in maximum when the sunspot area is in
minimum and in 2007 the sunspot area and earthquake number are in maximum.

From Fig. 5-8 we obtain that for earthquakes with M > 8, there is a direct
relation between the sunspot number, mean annual solar flux, GEOS proton fluence
and earthquake number and an inverse relation during the descending phase of the
cycle. Also, there is an inverse relation between the sunspot area in units of
millionths of the sun's visible hemisphere and the earthquake number near the
maximum of the solar cycle, and a direct relation during the descending phase of the
solar cycle.
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Fig. 5. Relation between the sunspot number and the number of earthquakes
with M > 8 during solar cycle 23

Fig. 6. Relation between the GEOS proton fluence > 100 MEV and the number
of earthquakes with M > & during solar cycle 23



Fig. 7. Relation between the mean annual solar flux and the number of earthquakes
with M > 8 during solar cycle 23
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Fig. 8. Relation between both observed and corrected sunspot area and the number
of earthquakes with M > 8 during solar cycle 23
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Conclusion

Youssef, 2003 [14] show that solar cycle 23 is a weak solar cycle of 11.7
years duration and has two peaks in 2000 and 2002. In the case of earthquakes of
magnitude > 5, the number of earthquakes shows a peak at the minimum between
cycles 23 and 24 as shown in Fig. 1.

There is a coincidence between the first activity peak of our studied cycle 23
in the year 2000 and the number of earthquakes. In the case of earthquakes of
magnitude > 8, the cycle 23 has three peaks of maximum, descending branch and
post the weak cycle (Fig. 5).

The proton fluence occurring at the 15 maximum of this cycle is coincident
with the 2" earthquake peak. It is clear that protons have great influence on
triggering earthquake particularly for this cycle, which can be explained by the
injection of solar protons into the Van Allen belts and hence in polar regions. Strong
ionospheric electric currents can induce telluric currents in the earth’s crust and deep
into the magma perhaps at the epicenter of the earthquake.

So, the Earth Internal Effects (EIE;) are not the only reason for earthquakes.
Solar activity also influences the processes going on the Earth. Our investigation
show that the maximum of earthquakes frequently occur around the years of
minimum in the solar activity cycle.
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N3CJIEABAHE HA BPB3KATA MEX/Y CIBHYEBATA AKTUBHOCT
N CEMU3BMUYHOCTTA HA 3EMSTA 110 BPEME HA CJIIABUSA
23-tu CJIBHYEB HUKDBJ

M. Cemeuoa, C. Xooaiipu, M. En Xaouou, P. Xameo,
1. KOceg, Il. Cmoesa, A. Cmoes

Pesrome

B ta3u pabota e n3cnenBaHa Bpbh3KaTa MeX1y Opost Ha CITbHUEBUTE MIETHA,
IUIOITA HAa CIBHYEBUTE METHA, CIBHYEBOTO PaJUOU3ITBUYBAHE INPHU IBJDKMHA Ha
BeiHaTa 10.7 cm, CI'lbHUEBUTE POTOHHU CHOUTHSA U 3€METPECEHUATA C MATHUTYA
M >5uM > 8, B unrepsana 1996-2008 r. ot 23-us cnpHUeB IUKBI. Hamepena e
MIpsiKa Bpb3Ka MEXIy CI'IbHUEBATa aKTUBHOCT M 36MHATa CEU3MHYHA aKTHBHOCT IPH
M >5u M > 8§ 630 10 MakcuMyMa Ha 23-Usl CTbHUYEB IUKBI U 00paTHA BPH3Ka 110
BpeMe Ha HU3Xo/smara aza Ha CITbHYEBHUS IUKBIL.
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