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______________________________________________________________________________ 
Abstract 

This work examines the contributions of Sunspot �umbers (SS�) and solar Magnesium II core –wing- ratio (Mg II) 

to the variations of stratospheric ozone ( O3) concentrations in some cities in �igeria from 1998-2005. The multiple 

regression analysis shows a significant relationship between SS� as a dependent variable and MgII and mean total 

column ozone as independent variables. This relationship is characterized by a multiple correlation coefficient (r) of 

0.748; 0.790; 0.790; 0.783 and 0.797 at 99%  level of significance  and a coefficient of determination, R
2
 =0.83; R

2
 

= 0.799;  R
2 

= 0.797;  R
2 

= 0.797 and  R
2 

= 0.737 for the five cities under study. There is no significant correlation 

between the MgII and the ozone concentrations for these cities. However, between SS� and MgII, there is a negative 

correlation ( -0.622 at 95% level of significance) in all the years. These results are confirmed by the positive and 

negative trends in the variations between ozone and SS�; and between SS� and MgII respectively through all the 

years. Hence, this work shows that solar activity effects on ozone variations depends on the type of the index of the 

solar activity, since not all solar activity indices have significant contributions in the variation of stratospheric 

ozone.   
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_____________________________________________________________________________________________

Solar radiation drives the weather machine. The total 

solar irradiance is known to be the primary force 

acting on the Earth’s atmosphere.  Hence, the 

variations in the Sun's radiative output impact the 

Earth's climate. The solar-induced changes in 

stratospheric ozone cause some perturbations of  

tropospheric circulation and climate. Two important 

solar activity indices,   the Sun spot numbers and the 

MgII core-to-wing ratio, are often used as a proxy for 

the Sun’s influence on parameters measured on the 

Earth. The MgII core-to-wing ratio, a solar activity 

index based on spectral irradiance measurements of the 

strong MgII absorption feature near 280 nm. The 

dimensionless MgII index is a ratio of irradiances, 

where the numerator consists of the average of three 

consecutive wavelength samples at the core of the 

unresolved Mg II h and k doublet at 280 nm, and the 

denominator is the average of two pairs of consecutive 

wavelengths equally spaced approximately 3 nm from 

the core wavelengths. Hence, it is known as MgII core-

to-wing ratio. Thus, the core – wing –ratio of the MgII 

h and K lines are used to estimate solar UV flux 

temporal variations as a function of wavelength in the 

range important to stratosphere and ozone layer  

 Nigeria has committed itself to the use of space 

technology for sustainable development, an evidence 

of which is shown in the launching of two satellites in 

the recent past. The use of space data has contributed 

to the general understanding of variations and 

consequences of weather parameters. Hence, it is 

important to determine and understand the 

stratospheric response, such as that of ozone, to the 11- 

year solar forcing. And the amplitude of these 

perturbations is sensitive to the actual change in ozone 

in the stratosphere and its distribution. It has been 

observed that the decline in the stratospheric ozone 

could be the result of natural and human factors other 

than just chlorofluorocarbons (CFCs) (Angell 1989). 

Isikwue and Okeke (2009a and b) observed that the 

Atmospheric Angular Momentum (AAM) and length 

of day (LOD) via zonal winds influence the variations 

in the stratospheric ozone in the low latitude More so, 

some research works have shown that these variations 

in the stratospheric ozone could be influenced by solar 

activity. Linear regression analysis carried out by 

Obiekezie, (2009) to investigate the relationship 

between the ozone concentrations and sunshine hours 

in Nigeria for the period (1997-2005) gave a 

significant negative correlation between the two 
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parameters. Hodges and Elsner (2010) carried out an 

empirical investigation on the evidence linking solar 

variability with US hurricanes and showed that the 

sunspot numbers are significantly correlated with US 

hurricanes and major US hurricanes over the period 

1866-2008. The chances of at least one hurricane 

affecting the United States in the lowest and highest 

SSN anomaly seasons were observed to be 68 and 

91%, respectively. The possible relationship between 

surface ozone and smoothed sunspot numbers (SSN) 

were studied by Selvara et al., (2010a) in east coast of 

southeast India and found among other things the 

increase in surface ozone in association with increase 

in sunspot numbers were observed during May and 

October in the period 1996-2004. In addition, Selvara 

et al., (2010b) investigated the Statistical relationship 

between surface ozone and solar activity in a tropical 

rural coastal site, India and found High positive rank 

correlation coefficients 0.76 and 0.62 obtained for the 

years 2000 and 2002 indicating the influence of higher 

solar activity over the surface ozone levels. 

The linear regression analysis carried out by Rabiu and 

Omotosho (2003) to determine the relationship 

between Solar Activity and Total Column Ozone 

Variation in Lagos, shows a significant negative 

correlation between mean total column ozone and solar 

activity both at monthly level and annual level, 

showing that the total column ozone decreases with 

increasing solar activity.  Researches by Isikwue and 

Okeke (2009 a, b; Abarca del Rio et al (2000 and 203); 

and Barnes et al., (1983) have shown that the 

variations in ozone is also latitudinal dependent. 

Secondly, Since the relation between ozone variation 

and solar activity has not been known to be carried out 

in most towns in Nigeria , apart from Lagos, there is 

need to ascertain the relationship between the varying 

ozone and solar activity in some other cities of 

Nigeria. This will give an idea of solar activity effect 

in the low latitude where it has been ascertained that 

the zonal wind is not weak as earlier on presumed 

(Isikwue and Okeke (2009a,b). Therefore the present 

research employs some statistical analyses to ascertain 

the contributions of the solar activity indices (Sun spot 

numbers and the MgII core-to-wing ratio) on the 

stratospheric ozone variations in Nigeria. 

Sources of Data 

The daily means of zonal ozone data were obtained 

from Earth Probe Total Ozone Mass Spectroscopy 

(EPTOMS), obtainable from the 

websites: ftp://toms.gsfc.nasa.gov/pub/eptoms/data/zo

nal_means/ozone/. The sunspot numbers were 

obtained from the Solar Influences Data Analysis 

Center (http://sidc.oma.be)  and  Estimated Mg2 values 

from  Mg2_adj_pred_atmos.pro  

The following locations in Nigeria were chosen as case 

studies based on the geographical locations in Nigeria:  

Sokoto (13.04
o
N  5.14

o
E); Abuja  (9.50

o
N  7.32

o
E);  

Lagos ( 6.6
o
N   3.33

o
E), Nsukka (6.52

o
N

    
7.23

o
E) and 

Calabar (4.57
o   
8.19

 o
E).                                            

 

 METHODS A�D A�ALYSES  

Time series plots (Fig.1 -5) of ozone concentrations, 

sunspot numbers and MgII were made for each station 

in order to visualize their trend of variations. Secondly, 

the following statistical analyses were employed to 

determine the solar activity effect on the ozone 

variation:  multiple regressions, Coefficient of 

Determination and Probability Testing Performance of 

Models and their Validity.  

 

Tables 1 -5 show that  significant positive correlations 

exist between ozone concentrations and sunspot 

numbers with coefficients  0.748,  0.790, 0.790, 0.783 

and 0 .797 at 99% level of significance in  Calabar, 

Nsukka, Lagos Abuja and Sokoto respectively. This 

implies that sunspot numbers have direct influences on 

ozone variation in all these cities. This can also be 

ascertained from the seeming trends the ozone-sunspot 

numbers profiles in Figures 1 -5.  

Also from Tables 1 -5, the correlation between the 

ozone concentrations and MgII is negative and non 

significant with coefficients -0.147, -0.266, -0.266, -

0.217 and -0.224 respectively. This negative 

relationship between these two parameters can be 

visualized from the trend of their profiles in between 

the months of January and June (Figs. 1-5). However, 

the correlation between sunspot numbers and MgII is 

observed to be negative with a constant coefficient of -

0.622 at 95% level of significance in all the cities 

under study. That is, although both solar activity 

variables have significant influence on each other, but 

on a reverse sense. This implies that at the time of 

maximum sun spot numbers the MgII has the 

minimum values as can be ascertained from the 

inverse trends of the MgII – sunspot numbers profiles 

in Figures 1 – 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 1 (2): 133-139 (ISSN: 2141-7016) 

135 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 1 (2): 133-139 (ISSN: 2141-7016) 

136 

 

 

Table 1: Correlations and Probability Significant levels in Calabar 

   Average Ozone Conc. Sunspot_number MgII 

Spearman's 
rho 

Average Ozone Conc. Correlation Coefficient 1.000 .748** -.147 

Sig. (2-tailed) . .005 .649 

N 12 12 12 

Sunspot_number Correlation Coefficient .748** 1.000 -.622* 

Sig. (2-tailed) .005 . .031 

N 12 12 12 

MgII Correlation Coefficient -.147 -.622* 1.000 

Sig. (2-tailed) .649 .031 . 

N 12 12 12 

**. Correlation is significant at the 0.01 level (2-tailed).    

*. Correlation is significant at the 0.05 level (2-tailed).    

Table 2: Correlations and Probability Significant levels in Nsukka 

   Average Ozone Conc. Sunspot_number MgII 

Spearman's 

rho 

Average Ozone Conc. Correlation Coefficient 1.000 .790** -.266 

Sig. (2-tailed) . .002 .404 

N 12 12 12 

Sunspot_number Correlation Coefficient .790** 1.000 -.622* 

Sig. (2-tailed) .002 . .031 

N 12 12 12 

MgII Correlation Coefficient -.266 -.622* 1.000 

Sig. (2-tailed) .404 .031 . 

N 12 12 12 

**. Correlation is significant at the 0.01 level (2-tailed).    

Table 3: Correlations and Probability Significant levels in Lagos 

   

Average Ozone Conc. Sunspot_number           MgII 

Spearman's rho Average Ozone Conc. Correlation Coefficient 1.000 .790** -.266 

Sig. (2-tailed) . .002 .404 

N 12 12 12 

Sunspot_number Correlation Coefficient .790** 1.000 -.622* 

Sig. (2-tailed) .002 . .031 

N 12 12 12 

MgII Correlation Coefficient -.266 -.622* 1.000 

Sig. (2-tailed) .404 .031 . 

N 12 12 12 

**. Correlation is significant at the 0.01 level (2-tailed).    

*. Correlation is significant at the 0.05 level (2-tailed).    
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From Table 6, it can be seen that sun spot numbers 

have more than 50% coefficient of determination in 

these cities. Thus ,one can say that sunspot numbers 

have  strong forcing on the  increase in ozone 

concentrations  not only in the mid and high latitude as 

stated by Mitra,  (1947), but also in the low latitude 

with Nigeria as a case study. This direct in phase of 

SSN on the increase in O3 concentration is supported 

by the assertions  made by Parker (2000) and Pap and 

Fröhlich, (1999) that the  variability in solar UV 

radiation causes variation in ozone (O3) photochemical 

through changes in production and loss rates of both 

Oxygen (O2) and O3 molecules so that when the UV 

output of the sun increases, as during a sunspot 

maximum, there is a greater increase in the more 

energetic wave lengths (200nm radiation) than the less 

energetic wave length, 300nm radiation. 

The non significant relationship between ozone and 

Mg II core-wing-ratio could be explained by its 

Table 4: Correlations and Probability Significant levels in Abuja 

   
Average Ozone Conc. Sunspot_number MgII 

Spearman's rho Average Ozone Conc. Correlation Coefficient 1.000 .783** -.217 

Sig. (2-tailed) . .003 .499 

N 12 12 12 

Sunspot_number Correlation Coefficient .783** 1.000 -.622* 

Sig. (2-tailed) .003 . .031 

N 12 12 12 

MgII Correlation Coefficient -.217 -.622* 1.000 

Sig. (2-tailed) .499 .031 . 

N 12 12 12 

**. Correlation is significant at the 0.01 level (2-tailed).    

*. Correlation is significant at the 0.05 level (2-tailed).    

Table 5: Correlations and Probability Significant levels in Sokoto 

   Average Ozone 

Conc. Sunspot_number MgII 

Spearman's rho Average Ozone Conc. Correlation Coefficient 1.000 .797** -.224 

Sig. (2-tailed) . .002 .484 

N 12 12 12 

Sunspot_number Correlation Coefficient .797** 1.000 -.622* 

Sig. (2-tailed) .002 . .031 

N 12 12 12 

MgII Correlation Coefficient -.224 -.622* 1.000 

Sig. (2-tailed) .484 .031 . 

N 12 12 12 

**. Correlation is significant at the 0.01 level (2-tailed).    

 *. Correlation is significant at the 0.05 level (2-tailed).    

Table 6 : Composite Table of the Results of 

Correlation  between Ozone and Sunspot Numbers 

City Values of 

Significant 

Correlations 

(R) 

Values of 

Coefficient of 

Determination 

(R
2
) 

 

( % 

) 

Calabar       

      0.748
**
 

   

 0.783 

 

   78 

Nsukka      0.790
**
  0.799    80 

Lagos      0.790
**
  0.797    80 

Abuja      0.783
**
  0.797    80 

Sokoto      0 .797
**
  0.737    73 
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operating wavelength range. The Mg II core-to-wing 

ratio is derived by taking the ratio of the h and k lines 

of the solar Mg II feature at 280 nm to the background 

or wings at approximately 278 nm and 282 nm.  The h 

and k lines are variable chromospheric emissions while 

the background emissions are more stable.  The result 

is a robust measure of chromospheric activity.  This 

ratio has been shown to be a good measure of solar UV 

and EUV emissions( Cebulaet al., 1992 and Heath and 

Schlesinger, 1986). This implies that since Mg II core-

wing-ratio operates outside the more energetic 

wavelength 200nm, it cannot have any significant 

effect on Ozone variation. 

 

The inverse  relationship between the MgII core-to-

wing ratio and SSN; and O3 could be explained by the 

fact that the  MgII core-to-wing ratio is a solar activity 

index based on spectral irradiance measurements of the 

strong MgII absorption feature near 280 nm (Donnelly 

et al., 1989). Hence at solar maximum, the SSN is high 

as well as the UV. But high Mg II core –wing- ratio 

implies high strong MgII absorption feature near 280 

nm, causing low UV, which in turn implies low SSN 

and low O3 concentrations. 

The model equations for SSN as the dependent 

variable and MgII core-to-wing ratio and the mean O3 

concentrations as the independent variables are given 

in equations (1) – (5) for each city:  

 

Calabar :  SSN   = 1210.771 + 0.389mean O3 Conc. – 

4551.663MgII               (1) 

Nuskka :  SSN = 1055.976 + 0.385mean O3 Conc. – 

3980.115MgII                              (2) 

Lagos :    SSN = 998.390 + 0.376 mean O3 Conc. – 

3761.893MgII               (3) 

Abuja : SSN = 1043.069 + 0.318 mean O3 Conc. – 

3.869.197MgII               (4) 

Sokoto : SSN = 1123.017 + 0.261 mean O3 Conc. – 

410.574MgII                (5) 

1) – (5) are valid with the multiple regression model 

equation  

 Y = Bo + B1X1 + B2X2  + E.                                     (6), 

Where, Y is the dependent variable (SSN) and   X1 and 

X2 denote the independent variables, the mean O3 

concentrations and the MgII core-to-wing ratio 

respectively in this case. E is the random error 

unaccounted for by the model. 

 

CO�CLUSIO�  
The multiple regression analysis shows a significant 

relationship between SSN as a dependent variable and 

MgII and mean total column ozone as independent 

variables. This relationship is characterized by a 

multiple correlation coefficient (r) of 0.748; 0.790; 

0.790; 0.783 and 0.797 at 99%  level of significance  

and a coefficient of determination, R
2
 =0.83; R

2
 = 

0.799;  R
2 
= 0.797;  R

2 
= 0.797 and  R

2 
= 0.737 for the 

five cities under study.  

 

From the correlation coefficient values, the degree of 

association between SSN and O3 is about 80%, and 

from the values of R
2
, it means that the model 

explained over 70% variability in the data. That is, the 

relationship between SSN and O3, and MgII as 

indicated in the model has been explained over 70%. 

 There is no significant correlation between the MgII 

and the ozone concentrations for these cities. However, 

between SSN and MgII, there is a negative correlation 

(-0.622 at 95% level of significance) in all the years. 

These results are confirmed by the positive and 

negative trends in the variations between ozone and 

SSN; and between SSN and MgII respectively through 

all the years. Hence, this study has shown that 

although SSN, an important solar activity index is a 

proxy for the Sun’s influence on parameters such as 

(ozone) measured on the Earth, not all solar indices 

have significant and direct influence on these 

parameters, and thus on climatic change. Therefore, 

the solar activity effects on stratospheric ozone 

variations depend on the type of the index of the solar 

activity. Climate variability is a major issue and our 

understanding is still uncertain.  It is critical, therefore, 

to understand the contributions of each component and 

take action when necessary to curb possible negative 

effects we might have control over. Studies on other 

solar indices and their effects on atmospheric 

parameters such as ozone are ongoing. Secondly, Since 

SSN is also an index of geomagnetic activity, the 

relation between O3 and geomagnetic indices can be 

explored. 
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