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Abstract

In the present work, the study of influence of solar activity, cosmic ray intensity and geomagnetic
activity on Earth’s climate during solar cycles 22, 23 and 24 has been done. The change in Earth’s
climate, specifically the change in the global mean temperature has been associated with the
variation of some solar activity indices, cosmic ray intensity and geomagnetic activity indices in
the period of 1986-2014 (Till Dec.). The important solar indices that are total solar irradiance
(TSI), Sunspot Number (SSN), F10.7 index, Cosmic Ray Intensity (CRI) Kiel (NM), geomagnetic ac-
tivity indices Auroral Electrojet Index (AE) and aa index, have been presented. The study of the
Earth’s climate in relationship with solar activity, cosmic ray intensity and geomagnetic activity
has been analysed with variations and correlations. The variations of SSN with CRI are in anti-
phase; SSN with F10.7, SSN with TSI, SSN with AE, SSN with aa are in same phase. The correlation of
SSN with CRI is strongly negatively correlated; SSN with F10.7, SSN with TSI is strongly positively
and SSN with AE, SSN with aa positively correlated to averaging solar cycles 22, 23 and 24. The
Earth’s climate will be affected by the solar activity, cosmic ray intensity and geomagnetic activity.
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1. Introduction

The globally averaged yearly mean temperature increase in the long-term solar variation, registered in the 21st
century, has risen to the observed changes and can be attributed to human influence and natural phenomena. The
Sunspot Number (SSN) is a solar activity index with long-term data record in a measure of natural phenomenon.
We have studied that long-term instance phenomena are frequently used for climate change. The radiation from
the Sun into space is redistributed by the Earth’s atmosphere and eventually reradiated to affect there by the
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climates i.e., the surface of the Earth at any variation in the received radiated energy has an immediate effect on
the climate. The energy balance of the Earth that influences the composition is one parameter of the atmosphere.
The reradiated (thermal) energy from the Earth’s surface may absorb radiation from space as well as from the
various atmospheric constituents. The effect on Earth is caused by external sources related to the varying solar
activity; variability including changes in the radiation [ 1] has been investigated possible effects on the height of
constant pressure levels in the stratosphere and solar activity variations on the Earth’s temperature. The dynam-
ics of the general circulation patterns of the solar cycles play a major role in the solar variability and conse-
quently influence the atmospheric response.

The recent increase in the mean surface temperature of the Earth now is popularly used to refer to the long-
term global warming, in particular the increased contribution of the greenhouse gases (CO,, CH4 and NO,),
these increases being attributed to increase human activity in the atmosphere and this is the cause of global
warming [2]. The greenhouse effect has been understood as the physical mechanism of solar influence on the
weather and climate, and requires more detailed study [3]-[5]. Observations on most place of our globe over the
last century have revealed considerable change in the climate from human and natural sources [6]-[8], having
proposed that the mechanism is caused by the ionizing effect of cosmic rays (galactic and solar), related to
change in atmospheric transparency. We would expect, at least near the equator, in the cosmic ray flux is indeed
a cause of climate variation, and in particular will have a larger shielding effect regarding the ionizing particles
to the geomagnetic equator, where the magnetic field lines are horizontal.

The Sun gives energy for the Earth’s climate, and data show it is a variable star. The term “solar variability”
describes a number of different processes occurring mostly in the Sun’s convection zone, surface (photosphere),
and atmosphere. The influence of solar variability on the Earth’s climate requires knowledge of the short and
long-term solar variability and the mechanisms are determining the response of the Earth’s climate system to
these interactions [9]. A time series of sunspot number for the solar cycles 22, 23 & 24, and the Sunspots appear
as dark spot on the surface of the Sun and have temperatures as low as ~4200 K (in the central umbra) and
~5700 K (in the surrounding penumbra), compared to ~6050 K for the surrounding of quiet photosphere.

We have three important implications for Sun-climate relationship. First they are proxies for solar irradiance
which can be used to look for Sun-climate relationships. Second how the Sun’s magnetic activity is related to
solar irradiance and reconstructs the historical variations of the solar irradiance. Third it shows an increasing
ability to simulate and predict solar magnetic behavior. The role of solar variability on climate received much
notification because of the solar influence on the global mean surface temperature over the past 150 years. The
impact of the Sun is its influence on the Earth’s radiation. The main theme of research has been focused on the
extent to global temperature. For example [10] included estimates of forcing by solar activity, greenhouse gas
concentration, including the cooler period of the 17th century and warming during the 21st century.

The solar irradiance over the past few centuries is difficult since direct observations are not available from a
Maunder Minimum type epoch. The estimated increase in TSI from the Maunder Minimum (about 1645-1715)
to present day values is uncertain. The present research converged on a probable increase of ~1.3 W-m > with an
uncertainty range of 0.9 - 1.6 W-m .

The smoothed monthly geomagnetic index aa as a function of time along with the sunspot number, for com-
parison, the minima in geomagnetic activity tends to occur just after those for the sunspot number and the geo-
magnetic activity tends to remain high during the declining phase of each cycle [11]-[13] decomposed geomag-
netic variability into two components—one proportional to and in phase with the sunspot cycle (Relative suns-
pot number component) and another out of phase with the sunspot cycle (Interplanetary component).

2. Methodology

In this paper, we have studied the variations of cosmic ray intensity, solar activity (SSN, total solar irradiance
(TSI), F10.7 index), geomagnetic activity (Auroral Electrojet and aa). The correlation coefficients have been
calculated between Cosmic Ray Intensity (CRI) with SSN, AE with SSN, F10.7 index with SSN, TSI with SSN,
SSN with aa. The solar activity (SSN) parameter is available on monthly and yearly average data for
http://solarscience.msfc.nasa.gov. The Cosmic Ray Intensity (CRI) is cut-off rigidity is 2.36 GV (neutron moni-
tor station at Kiel (Germany)), TSI and aa is taken from data www.ngdc.noaa.gov. The F10.7 index and AE is

taken from data omniweb.gsfc.nasa.gov.
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3. Results and Discussion

The cosmic ray intensity flux in inner solar system is anti-correlated with the level of solar activity (SSN). We
have presented the relationship between solar activity (Sunspot Number) and Cosmic Ray Intensity (CRI) in the
solar cycles 22, 23 and 24 till December 2014. From Figure 1 we have calculated correlation coefficient of av-
erage yearly value of Cosmic Ray Intensity (CRI) (Kiel) with SSN (R = —0.85) for the period 1986-2014. It is
clear that SSN and CRI are anti-phase in solar cycles 22, 23 and 24. The amount of irradiation from the Sun
causes a periodic change on the Earth climate.

The Auroral Electrojet Index (AE) shows a global, quantitative measure of auroral zone in magnetic activity
produced by enhanced Ionospheric currents flowing below and within the auroral oval in solar cycles 22, 23 and
24. The Auroral Electrojet Index (AE) is the interplanetary magnetic field and the behaviour of communication
satellites and radio propagation on the Earth’s magnetosphere. Figure 2 shows the variability of solar activity
(SSN) with Auroral Electrojet Index (AE) in solar cycles 22, 23 and 24. We have observed positive correlation
coefficient SSN with AE (R = 0.65) for the period 1986-2014. In the duration of 1986-2014 are also effected to
the Earth’s climate; we have observed maximum Auroral Electrojet in 1989 and 2003.

The peak of the observed solar radio emission of the solar radio flux per unit frequency is at a wavelength of
10.7 cm. The sunspot activity effect on the long distance radio communication i.e., short wave bands, medium
wave and low VHF frequencies and the high level of Sunspot activity improved signal propagation on higher
frequency band. The increased levels of solar radiation are caused by impact on the ionosphere.

The F10.7 index is considered a particularly good and simple parameter as an indicator of global activity, and
the disk integrated emission from the Sun at the radio wavelength of 10.7 cm (2800 MHz) is effected to the
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Figure 1. Show the yearly variation of Sunspot Number with Cosmic Ray Intensity (CRI) for solar cycles 22, 23 and 24.
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Figure 2. Show the yearly variation of Sunspot Number (SSN) with AuroralElectrojet (AE) for solar cycles 22, 23 and 24.
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Earth’s climate. The radio flux in solar cycle 22 is Maximum in other solar cycle 23 and 24 as compare to Fig-
ure 3 and also observed similar variability for the period of 1986-2014, and calculated the trend line of the scat-
ter plot, shows large positive correlation coefficient SSN with F10.7 (R = 0.98). It is clear that SSN and F10.7
are in same phase in the solar cycles 22, 23 and 24.

Total solar irradiance (TSI) is caused by the Sun over all wavelengths that fall each second on 11 sq. ft. (1 sq.
m) outside the Earth's atmosphere. The change in total solar irradiance (TSI) is an indirect effect of ultraviolet
radiation in the stratosphere. From Figure 4 we have observed similar variability in TSI and SSN for the period
of 1986-2014. The total solar irradiance (TSI) in solar cycle 22 is Maximum in other solar cycle 23 and 24 as
compare in Figure 4 and also observed correlation coefficient TSI with SSN (R = 0.95). It is clear that SSN and
TSI are in same phase in solar cycles 22, 23 and 24.

The upper region of the Earth’s atmosphere affected by the Sun energy is known as the solar constant, whose
value is approximately 1361 watts per square meter. This radiant solar energy affected the Earth’s weather and
climate. The solar cycle 22 - 24 is responsible for a variation which is a period of about 11-year’s activity and
the sunspot is actually half of a 22-year magnetic cycle.

The Solar activity is well known to be at the origin of geomagnetic activity. In this study we investigated the
relationships between the sunspot activity (SSN), and geomagnetic activity (aa). Conventionally, the relationship
between aa and SSN is often analyzed by point-point correspondence. The value of aa depends not only on the
present SSN but also on past values aa to SSN at their peaks have been well predicted as the variations of SSN
and aa in similar variability for the period of 1986-2014. They also impact on the Earth’s climate. Figure 5
summarizes the average aa values associated with the SSN in regions 1986-2014. We have calculated correla-
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Figure 3. Show the yearly variation of SSN with F10.7 index for solar cycles 22, 23 and 24.
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Figure 4. Show the yearly variation of SSN with TSI for solar cycles 22, 23 and 24.
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Figure 5. Show the yearly variation of SSN with aa for solar cycles 22, 23 and 24.

tion coefficient aa with SSN (R = 0.61) and also aa and SSN are in same phase in the solar cycles 22, 23 and 24,
such as the significant increase in the aa index over the 21st century.

The relationship between geomagnetic activity and the sunspot number increases and there is a baseline level
of geomagnetic activity that increases as well. However, uniformly high levels of geomagnetic activity are found
even when the sunspot number is quite low.

4. Conclusion

In this paper, the relationship between cosmic ray intensity, geomagnetic activity and solar activity (SSN) that
depends not only on the level of the sunspot activity but also the solar polarity and affects the Earth’s climate.
The negative correlation with correlation coefficient (R = —0.85) has been found between yearly mean of the
Sunspot Number and Cosmic Ray Intensity observed at Kiel (NM) and it was also found that CRI with SSN was
in anti-phase for the period 1986-2014. The positive correlation with correlation coefficient SSN with AE (R =
0.65), SSN with F10.7 index was (R = 0.98), SSN with TSI (R = 0.95), SSN with aa (R = 0.61) in the period of
1986-2014 and also found similar variability during the solar cycles 22, 23 and 24, and also affected all the
above parameters in the Earth’s climate. We have calculated the average energy of the Sun on the upper regions
of the Earth’s atmosphere (known as the solar constant), and its value is approximately 1361 watts per square
meter in the period 1986-2014, and changes in TSI has a direct effect on the ultraviolet radiation in the stratos-
phere. The radio flux F10.7 and TSI in solar cycle 22 is Maximum in other solar cycle 23 and 24. The high le-
vels of geomagnetic activity (aa) are found even when the sunspot number is quite low.
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