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Abstract

For many years, several attempts have been made to ascertain to a high degree, the possible link and level of solar activity on 
climate change. While so much efforts have been directed in this area, the physical mechanism that relate solar activity and climate 
change are not yet very obvious. In this paper, attempts have been made to establish some of the relationship between solar activity 
and its connection to cosmic rays and cloud covers; and that between, cloud covers and other climatic parameters. Galactic cosmic 
rays (GCRs), sunspot number, cloud cover, rainfall and maximum temperature data covering a period between 25 and 60 years are 
employed in this study. Results show a very strong relationship between sunspot number and GCRs, based on the 11-year solar cycle. 
The investigation made use of Spearman’s correlation analysis. Results further depicted the modulation of solar activities and cosmic 
rays, penetrating into the Earth’s atmosphere. The relationship between cosmic rays and cloud covers are believed to be substan-
tially ascertained in this study. Thus, providing useful information on the possible links through which solar activity could influence 
climate change and likely causes. Hence, presents further basis for evidence-informed policy decisions in finding solutions to some 
of the disasters associated with climate change not only in the area of coverage but globally. The society at large will benefit tremen-
dously from the results of this research.
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Introduction
The documented historical and geological records evidenced 

the fact that earth’s climate is constantly changing. The entire 
cause for these changes has not been fully ascertained, it is still 
subject to investigation.

Globally, climate change can be associated by changes in the 
energy received from the Sun, changes in the amount or charac-
teristics of greenhouse gases, particles and clouds, or changes in 

the reflectivity of the Earth’s surface. A positive climate forcing will 
tend to cause a warming, and a negative forcing, a cooling. Hence, 
climate changes act to restore the balance between the energy ab-
sorbed from the Sun and the infrared energy emitted into space.

Zi-Niu XIAO., et al. [1], carried out interdisciplinary studies of 
solar activity and climate change employing global simulations 
of temperature change due to anthropogenic trace gas emissions. 
They were able to propose the key mechanism of solar wind and 
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electric- microphysical effects on climate as well as constructing a 
physical model depicting the interdecadal response of the air-sea 
system to solar activity.

The effects of natural factors and primarily of the solar activity 
and the associated variation of solar radiation and fluxes of cosmic 
rays, on the climate processes, are important for understanding the 
physical causes of modern climate changes [2]. Sunspot numbers 
have been generally used as a reliable parameter to measure solar 
activity [3]. Controversy however, exists over what levels of solar 
variability are required to generate significant climate change and 
what mechanisms are involved [4].

The Intergovernmental Panel on Climate Change [5], reported 
that human impact has been the dominant cause of observed cli-
mate change. Since changes in climate have significance implica-
tions for present lives, for future generations and for ecosystems 
on which humanity depends; it has been and continues to be the 
subject of intensive scientific research and public debate.

Lockwood [6], noted that considering the solar influence on 
global and regional terrestrial climate, solar influence could be 
stronger at local or regional scale than at global one. Dobrica., et al. 
[7] made similar observation in their work on the effects of solar 
variability on the north temperate climate.

Working on the possible traces of solar activity effect on the 
surface air temperature of Turkey using surface air temperature, 
pressure and tropospheric absorbing aerosol data as climatic pa-
rameters and solar flare index as solar activity indicator, Kilcik., et 
al. [8], observed that solar activity effect exists on surface air tem-
perature of Turkey. 

El-Borie., et al. [9], revealed from their work on the study of 
the solar-climate interaction in Canada that solar variability pa-
rameters play an important role in climate change and cannot be 
excluded from the responsibility of continues global warming. 
They therefore concluded that the combine effect of solar-induced 
changes and increase in the atmospheric greenhouse gases offer 
the explanation for the observed rose in average global tempera-
ture over the recent. 

Furthermore, working on the trends of temperature and signa-
ture of solar activity in selected stations in Nigeria, Olusegun., et al. 
[10], reported that the recent climate change in Nigeria may not 

be attributed to solar activity. While Moses, O. Audu and Francisca, 
N. Okeke [11], investigated the possible connections between solar 
activity and climate change in Nigeria. Their study provided use-
ful information on some possible links through which solar activity 
could influence climate change. There is need for further studies 
to be carried out to ascertain more links by which solar activities 
could influence climate change.

Sources of data

Monthly mean cloud cover and smoothed sunspot number data, 
spanning between 25 years (1983-2009) and 60 years (1950-2012 
inclusive) were obtained from the International Satellite Climatol-
ogy Cloud Project (ISCCP)-D2 datasets and World Data Center for 
the sunspot index, Royal Observatory of Belgium (http://www.
sidc.be/sunspot-data). Monthly mean daily rainfall and minimum 
and maximum temperature data for 18 stations in Nigeria were ob-
tained from Nigeria Meteorological (NIMET) Agency Oshodi, Lagos 
(Table 1). The mean of the stations in all the regions is donated as 
Rall The data spanned for 60 years (1950 - 2012). 

Regions Stations Longi-
tude (o) Latitude(o) Elevation 

(m)
Region 1

(R1)

Maiduguri 11.90 N 13.10 E 354 .0
Sokoto 13.00 N 5.30 E 287.0

Yola 9.20 N 12.50 E 174.0
Kaduna 10.50 N 7.40 E 642.0
Bauchi 10.30 N 9.80 E 609.0
Lokoja 7.80 N 6.70 E 44 .0

Region 2

(R2)

Enugu 6.50 N 7.60 E 137.0
Nsukka 6.90 N 7.50 E 300.0
Calabar 5.00 N 8.30 E 63 .0

Port  
Harcourt

4.90 N 7.00 E 18 .0

Warri 5.50 N 5.70 E 6.0
Benin 6.30 N 5.60 E 79.0

Region 3

(R3)

Oshodi 6.60 N 3.40 E 19.0
Ikeja 6.50 N 3.30 E 38 .0
Ondo 7.10 N 4.80 E 287.0

Oshogbo 7.80 N 4.50 E 304.0
Ilorin 8.50 N 4.60 E 305.0

Ibadan 7.40 N 3.80 E 228.0

Table 1: Meteorological Stations and their Geographical  
Coordinates.
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Method of data analysis

Time series analysis was employed in analyzing the data. The 
procedure is as follows:

The monthly mean daily sunspot number ( ) was computed 
from the daily values ( ) using equation 1.

   (1)

where n is the number of days in a month.

The annual mean sunspot number ( ) were computed from 
the monthly mean using the expression:

     (2)

The average of the monthly mean rainfall and temperature (
) were calculated from the monthly values ( ) using equation 3.

     (3)

 where  is the number of days in a month.

Equation 4 was employed in computing the annual mean rain-
fall and temperature ( ).

        (4)

Finally, series power spectral density (PSD) analysis was 
performed using XLSTAT. The power spectrums obtained were 
smoothed using Hanning window function. This enables the sig-
nificant peaks to be clearly defined, while the disturbed featured 
completely disappeared.

Results
These are as shown in Tables 2-8 and Figures 1-9.

Regions
Cloud Type

High Middle Low
R1 0.084 -0.972 0.937
R2 0.091 -0.965 0.902
R3 0.133 -0.874 0.804
Rall 0.105 -0.944 0.874

Table 2: Correlation coefficient (r) of monthly mean rainfall with 
cloud covers (1983-2009).

Regions
Cloud type

High Middle Low
R1 0.727 -0.664 0.615
R2 0.427 0.007 -0.119
R3 0.545 -0.063 -0.042
Rall 0.692 -0.580 0.503

Solar indices

Cloud Type

High Middle Low

aa index -0.233 -0.127 0.421
SSN -0.289 -0.173 0.313

Table 4: Correlation coefficient (r) of monthly mean minimum 
temperature with cloud covers (1983-2009).

Table 5: Correlation coefficient (r) of annual mean solar indices 
with cloud covers (1983-2009).

Regions Sunspot 
number aa index Cosmic rays

R1 -0.041 -0.171 0.029
R2 -0.067 -0.276 0.274
R3 -0.066 -0.231 0.065
Rall -0.062 -0.309 0.238

Table 6: Correlation coefficient (r) of rainfall in R1, R2, R3 and Rall 
with sunspot number, aa index and cosmic rays.

Regions
Cloud type

High Middle Low
R1 0.469 0.357 -0.399
R2 0.189 0.832 -0.888
R3 0.189 0.832 -0.888
Rall 0.413 0.594 -0.636

Table 3: Correlation coefficient (r) of monthly mean maximum 
temperature with cloud covers (1983-2009).
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Regions
Sunspot 
number

aa index Cosmic rays

R1 -0.004 -0.013 0.565
R2 0.030 0.093 0.124
R3 0.105 0.230 0.241
Rall 0.063 0.127 0.268

Regions Sunspot 
number

aa index Cosmic rays

R1 -0.035 0.021 0.109
R2 0.049 0.044 -0.062
R3 -0.009 -0.001 -0.212
Rall 0.004 0.024 -0.041

Table 7: Correlation coefficient (r) of maximum temperature in 
R1, R2, R3 and Rall with sunspot number, aa index and cosmic rays.

Table 8: Correlation coefficient (r) of minimum temperature in 
R1, R2, R3 and Rall with sunspot number, aa index and cosmic rays.



Relationship between cosmic rays and cloud covers (high, mid, 
low)

Relationship between: SSN and climatic parameters

Power spectral density of yearly mean sunspot number, rainfall, 
maximum temperature and minimum temperature is presented in 
Figures 6-9 respectively.

Discussion of Results
Variability of sunspot number with cosmic rays

From Figure 1 it is being seen that sunspot number varies in 
opposite direction with cosmic rays, indicating that sunspot num-
ber and cosmic rays are inversely related. This applies in the cor-
relation of annual mean sunspot number with cosmic rays. Sunspot 
number was strongly but negatively correlated with cosmic rays 
(Figure 2), with a correlation coefficient of -0.843.

Figure 3: Variation trends of annual mean cosmic rays with high 
cloud cover.
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Figure 1: Variation trends of yearly mean CRs with sunspot 
number (1957 - 2012).

Figure 2: Correlation of annual mean sunspot number with 
cosmic rays (1957 – 2012)

Figure 4: Variation trends of annual mean cosmic rays with 
middle cloud cover.

Figure 5: Variation trends of annual mean cosmic rays with low 
cloud cover.



Figure 7: Power spectral density of yearly mean rainfall  
(1950-2012).

Figure 8: Power spectral density of yearly mean maximum 
temperature (1950-2012).

Variations of galactic cosmic rays with cloud cover 

From the variations of cosmic rays with high, middle and low 
cloud covers (Figures 3 - 5), it is obvious that there was a good 
correlation between cosmic rays and low cloud cover from 1983 
- 1995. 

Figure 9: Power spectral density of yearly mean minimum  
temperature (1950-2012).
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Figure 6: Power spectral density of yearly mean sunspot  
number (1950-2012).



This is in agreement with the observation of Marsh and Svens-
mark [12]; Yu [13] and Dorman [14]. However, from 1995, the low 
cloud cover continues to decrease gradually until 2009, while mid-
dle and high cloud cover increases with cosmic rays from 2002 to 
2009. This is in agreement with the report of Palle and Butler [15], 
Kristjanson., et al. [16]. On the other hand, middle and high clouds 
increased in the quiet period of recent solar cycles accompanying 
the high level of cosmic rays. This indicates that middle and high 
clouds cover have good correlations with cosmic rays, while the 
relationship between cosmic rays and low cloud cover was poor. 
Since the relationship between cosmic rays and cloud covers as 
proposed in GCR-cloud hypothesis is yet to be established in this 
study, it implies that the connection between solar with climatic 
parameters are yet to be confirmed. We therefore carried out cor-
relation analysis to investigate the relationship between solar indi-
ces, cosmic rays and climatic parameters.

Correlation of cosmic rays and climatic parameters

It could be observed from Table 6 that rainfall and sunspot num-
ber were weakly and negatively correlated in all the regions. It is 
also seen that in the same Table 6, rainfall and cosmic rays were 
weakly but positively correlated. This suggests that, most likely 
there is a relationship between rainfall and cosmic rays. We can at-
tribute this to the fact that cosmic rays influences cloud formation, 
which subsequently resulted in rainfall.

For the correlation between maximum temperature and sun-
spot number (Table 7), none of the correlation coefficients was sig-
nificant at the 0.05 level of significance. These results have shown 
that there was little or no association between maximum tempera-
ture and solar activity. It could be observed that maximum temper-
ature was positively correlated with cosmic rays in all the regions 
(Table 7). This could probably be due to the influence of cosmic 
rays on cloud cover, which greatly affects temperature. It could be 
observed from the correlation of minimum temperature with sun-
spot number, and cosmic rays that none of the coefficient of cor-
relation was significant at the 0.05 level of significance (Table 8).

Many researchers have obtained both weak and strong correla-
tions between solar indices and climatic parameters, but the physi-
cal mechanism for these relationships have constituted a serious 
challenge. Therefore, spectral analysis was performed to investi-
gate this association; since the effects of solar activity on climatic 
parameters cannot be directly measured. 

Power spectral density of annual mean sunspot number, rain-
fall, maximum temperature and minimum temperature as 
presented in Figures 6-9.

It is obvious from Figure 6 that significant peaks were observed 
in sunspot number at 21.0, 10.5 and 7.8 year. It is clearly depict-
ed in Figure 7 of power spectral density of annual mean rainfall, 
that well defined peaks at 63.0 and 2.7 years have been observed. 
Other periods of 15.7 and 2.1 years have been equally detected in 
the same figure, while a peak of 10.5 year was observed with small 
amplitude. It could be observed from Figure 8 that, the most sig-
nificant peak 63.0 year was noted in the maximum temperature 
spectral with 12.6, 7.8, 6.3, 4.8, 3.5 and 2.7 year as other peaks. 
Furthermore, similar peak of 63.0 year was seen in Figure 9, the 
minimum temperature spectral with other observable periods of 
6.3, 4.8 and 3.5 year. Also, a peak of 10.5 year was observed with 
small amplitude.

It is remarkable to note from spectrum of maximum and mini-
mum temperature a similar periodicities of 7.8 and 10.5 year also 
occur in sunspot number. The significant peak 2.7 year with re-
markable amplitude in rainfall and low amplitude in maximum 
temperature spectrum was considered to be closely associated to 
quasi-biennial oscillation [9]. 

It has long been ascertained that solar activity alternates be-
tween active and quiet phases with an average duration of 11 year 
cycle, 22 year solar magnetic cycle polarity reversals and probably 
an ~80 year cycle with short term periodicities.

The role of solar activities indices is very remarkable in climatic 
parameters in Nigeria; hence, signature of solar activity effects is 
evidence in rainfall and temperature in Nigeria, which could be 
linked to the observed climate change in Nigeria. Interestingly, an-
thropogenic activities are not the only agents that contribute to cli-
mate change, rather, solar activities are potential agents of climate 
change in Nigeria.

Conclusion
It is really obvious from the results of this study that cloud is 

actually driving climate change in Nigeria. It has equally thrown 
more light to the understanding of the effects of solar activity on 
atmospheric parameters. This study has provided further infor-
mation for climate change policy makers to strengthen their deci-
sion- making on climate change in Nigeria that will guide in finding 
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solutions to some of the disasters associated with climate change. 
The results will meet societal needs, and improve their knowledge 
of climate adaptation initiatives. The results will equally guide re-
searchers in their future work in climate change studies.
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