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Abstract

The relationship between the Ozone layer and meteorological pgaran{eainfall, relative
humidity, cloud cover, maximum and minimum temperature), also theilmatidin of Ozone
layer with solar indices (sunspot number and solar flux) were examined yeai(1999-2010)
for Ikeja over Nigeria. The enhancement of surface ozone concentrais been observed in
association with the increasing sunspot numbers. This feature issigargcant in May, July,
September and OctobaWNe observed strong correlationstween the Ozone layer with rainfall,
relative humidity, cloud cover, maximum and minimum temperatuth walues of 0.531,
0.668, 0.512 0.586 and 0.551 respectively. The relationship between Ozone with sunspot number
and solar flux were 0.677 and 0.474. The accuracy of the regressiestad by computing
MBE, RMSE and t-test statistic for each of the variables with standard qeelsni
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1.0 Introduction

At the stratospheric layer, the ozone protects us from harmfalvidlet radiation, the ozone
decomposition is a global issue that needs to be resolved byngdaumissions that destroys the
ozone shield into the atmosphere. Literatures revealed that theialét radiation is classified
into three groups according to their wavelength UVA (315-400 nm), (?8B-315 nm) and
UVC (100-280 nm). The higher the energy, the shorter the wavelengtthe@mediation are
more harmful. The UVB is the most dangerous radiation that redbkesurface of the Earth.
The changes of the stratospheric ozone quantity could alter the catioenwf reactive
tropospheric gases due to the changes of UV radiation intedsit®].[ Several studies have
established that changes in air temperature and relative hunaditythe two major
meteorological parameters for the prediction of ozone and observation [3-11].

In Japan, the ground-level ozone (O3) concentrations have recently bieed,tbe relationship
between temperature, wind speed and ground level ozone concentrationsumther over the
Kanto area of Japan were investigated using both statistidgsasand numerical models. It



was observed that there is a close relationship between metgoablconditions and ground
level ozone concentrations over the Kanto area of Japan. The impact of metealrédotpcs on
ozone concentration was investigated during the period of 2000-2003 in Tdigjarit [was
observed that the meteorological conditions in southern Taiwan tend reasec ozone
concentrations during this period. The influence of meteorologicédriEaon ozone levels at
Slavonia (Croatia) and noticed that the variation of ozone concentralivimg the summer
period of the year 2002 is around 67%, this could be accounted for by charngegperature,
solar radiation, and wind speed [13]. The abundance of oxides of nitroggng&3ponsible
for the reduction of ozone at Kannur Town, while the relatively Isomicentration of NO
occurs at Kannur University campus (KUC), leads to higher coratemtrof ozone. It was
further revealed that the ozone production has a strong positive g¢orrdtatthe temperature
and has a negative correlation to the relative humidity at theagolog in India [14]. Also the
impact of temperature and relative humidity on indoor ozone concentrafiomsg the
Harmattan. A strong correlation coefficient of 0.75 and -0.63 for ozore faiand with
temperature and relative humidity respectively [15].

The effect of Sunspot numbers (SSN) and solar Magnesium Ilwdageratio (Mg II) to the
variations of stratospheric ozone (O3) concentrations were exanmmrgme cities in Nigeria
[16]. There is no significant correlation between the Mgll andoitae concentrations in these
cities, while good relationship between SSN and the ozone concentraflfemgelationship
between surface ozone and sunspot numbers (SSN) were investigatezl east coast of
southeast India, the increase in surface ozone in association winitrease in sunspot numbers
was observed during May and October in the period 1996-2004 [17]. The neg&hanship
between solar activity and total column ozone variation in Lagos, batimoathly level and
annual level, showing that the total column ozone decreases widasintg solar activity [18].
Linear regression analysis was investigated between the ozonentratioes and sunshine
hours in Nigeria for the period (1997-2005) gave a significant negativelation between the
two meteorological parameters [19]. Study of ozone and metearalogata demonstrate a
notable solar cycle variation of ozone, temperature, and zonal wbathathe upper and lower
stratosphere. It was observed that the variations of upper stratosphene and temperature
were in phase with one another and the largest variation of upptsgtraric zonal wind
occurred at middle latitudes near winter solstice in both hemispheres [20-22].

In the present work we investigate the connection between vayiatilgtratospheric ozone
with rainfall, relative humidity, cloud cover, maximum and minimiemperature. Also,
statistical analyses to ascertain the influence of the sunspabers and the solar flux on the
stratospheric ozone variations in Lagos, Nigeria



2.0 Data and methods

Stratospheric Ozone, rainfall, relative humidity, cloud cover, maximand minimum

temperature data used in the present study are taken from tthevesr of Nigerian

meteorological Agency Oshodi, Lagos State, Nigeria. The datanebdt covered a period of
twelve years (1999-2010) for Ikeja at Latitude 6.88d longitude 3.23 Both sunspot numbers
(SSN) and solar flux 10.7 cm radio emission values for the samedpare taken from

OMNIWEB (http://omniweb.gsfc.nasa.gov/form/dx1.hyml
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Figure 1. Monthly aver age of Ozone layer, Solar flux 10.7 cm and Sunspot number between
1999-2010.

The incoming solar radiations at a wavelength of 10.7 cm are often used as a floeasure
changes in solar output at UV wavelengths. If variation in solar output were tleeofarone
depletion, a gradually decreasing output are observed in February, April, Juneigast. A



2.1 Correlation between stratospheric ozone layer and meteorological parameter

The regression variable of the stratospheric ozone layer and fivgpemilent variables
(meteorological parameter) of relative humidity (RH), rainf@F), cloud cover (CC), maximum
temperature (fay and minimum temperature ), were used to develop the equations to
estimate the stratospheric ozone layer. In order to get thenloelsti for the study location, we
proposed linear relationship between the stratospheric ozone lageotlaer meteorological
parameters. The general regression equations developed for dachofogical parameter were
of the form

O, =a, +aRH 1)
O, =a, +a,RF (2)
0O, =4a, +a,CC (3)
0,=a, +a,T, (4)
O,=a, +a.T, (5)

Where g is the intercept and,@, is the coefficient to be determined. The regression equations
(6-10) were developed to determine the stratospheric ozone layémados using different
meteorological parameter RH RF, CGoland Thin.

0, = 21899+ 0.4797RH (6)
0, = 256.01+ 0.019RF @)
0, =183.64+ 10.8576CC 8)
O, = 288.34+-0.9553T, 9)
O, = 318.65+-2.5136T,, (10)

2.2 Statistical model evaluation of regression equations

The accuracy of the regression equations is assessed usingticorretefficient, root mean
square error (RMSE), Mean bias error (MBE), and t tess8tathow meteorological conditions
have an influence the variations in ozone level.
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(n-1)d.d,




where n is the number of pairg/ of the data pointd, and d, are the univariate standard
deviations.

RE=SL (12)

RE=1-1 0<R’s<l (13)

RMSE = [2 i (o) J (14)
MBE = (ZN“%J (15)

Where N is the total number of observations aldis the deviation betweeith calculated
values andith is the measured values. A zero value for the MBE is ideal dod MSE is
desirable. The RMSE test provides information on the short ternorpemce of the study

model as it allows a term by term comparison of the actualadi®en between the calculated and
measured the values.

The two sample t-test is used to examine the hypothesis thahd¢hes of two Gaussian
distribution are identical. It can be used to determine if the bégho$¢éhe samples come from
the same populations.
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na + nb (na _1)'Sa2 + (nb _1)'802
nn, n, +n, —2

t=

(16)




where  and i are the sample sizes anth®nd % are the variances of the two samples a and
b. The null hypothesis can be rejected if the mesmkt+value is higher than the critical t-value,
which depends on the number of degrees of freeduahtlae significance level. Table 1 shows
the statistical performance of the regression mestaluated by R, R MBE, RMSE and t-test
statistics.

Tablel: showsthe statistical analysis of the ozone layer and other Parametersfor Ikeja.

Parameters Correlation efiaent RMSE MBE statistics
Coefficient (Rpf determination (B

Rainfall 0.530 0.281 2.513 -0.121  0.076

Relative Humidity 0.668 0.446 2.207 0.014 1RO

Maximum Temp 0.586 0.343 2.403 -0.055 0.045

Minimum Temp 0.551 0.303 2.474 -0.099 (B06

Cloud cover 0.474 a2 2.577 -0.129 0.102

Table 1 depicts the meteorological conditions wiiakie significant impacts on the stratospheric
ozone layer during the period of 2000-2003. Theeoreiogical conditions in lkeja tend to
increase ozone concentrations during this peribé. dorrelation between ozone concentrations,
rainfall, relative humidity, maximum and minimunmiperature values revealed a strong positive
correlation except cloud cover which exhibit weakrelation.

2.3 Correlation between stratospheric ozone layer and solar indices

Section 2.2 examines the influence of sunspot numibé solar flux 10.7cm on the stratospheric
ozone layer using linear regression analysis (sd®eTl2). The correlations of coefficient 0.677
exist between stratospheric ozone layer and SSN. chefficient of determination of 0.458
implies that 45.80% of stratospheric ozone candoeunted by SSN. The correlation coefficient
that exists between stratospheric ozone layer &id 8.424. The coefficient of determination is
0.180 which implies that 18.0% of stratosphericrezoan be accounted for by SF.



Table2: showsthe statistical analysis of ozone layer between SSN and SF for Ikga.

Parameters Correlation (R) oefiicient (R) RMSE MBE t-statistics

coefficient of determination
Sunspot Number  0.677 0.458 2.182 -0.121 .01b
(SSN)
Solar flux (SF) 0.424 0.180 2.684 0.143 0.169

This implies that sunspot numbers have direduénfces on ozone variation, while a low
significant relationship between ozone and solax 10.7cm at lkeja was noticed. The analyses
of the influences of the changes in meteorologomalditions on variations in ozone are very
helpful for better understanding variations in czaoncentrations. Variation is in ultraviolet
wavelength, which is absorbed by stratospheric @z8ut ozone concentration varies with the
sunspot cycle, reaching a maximum during sunspatrman.

3.0 Discussion of the result

Table 1 summarizes the regression analysis obtéioadEqs. (5-10), the correlation coefficient
(0.474- 0.668) are high for the variables. This ligg that stratospheric ozone layer has a
significant relationship between relative humidiginfall, cloud cover, maximum and minimum
temperature. The accuracy of the regression iedey computing MBE, RMSE and t-test
statistic for each of the variables with standaedhhiques. The negative values for MBE
signifies under estimate and positive value siggifover estimates, while the RMSE gives
information on short term performance of the catieh between the predicted and the observed
values. The response of ozone to relative humiitg maximum temperature are statistically
significant (p < 0.05, Table 1). Table 2 illuststthe contribution of solar indices and the
stratospheric ozone layer. The t-statistic valuedicated that the data were statistically
significant at 95 % confidence level between thiatespheric ozone layer and sunspot number;
however, the low t-s values demonstrated excepenformance of the regression model. This
implies that sunspot numbers have strong forcinghanincrease in ozone concentrations at
Ikeja, also there may be the direct insolationtdafon the ozone balance in ozonosphere. The
correlations shown in Table 2 indicate that theasohriations are important driver of climate.
The atmospheric ozone layers are regarded as ote @hajor parameters for connecting solar
activity to weather responses. A linear correlatbmiween the stratospheric ozone layer and
sunspot number is 0. 677 this implies that theadality of atmospheric ozone may be related to
sunspot activity. The sunspot number can be usebtimate or measures the variation in the



stratospheric ozone layeNeak significant levels and correlation were exedbibetween solar
flux and stratospheric ozone layelf. the correlation coefficient is weak, it impligbat the
relationship is weak; such relationship may bekatted to nonlinear.

It has been shown that there is a tendency towamndsacrease in the ozone concentration as a
result of increase in temperature; this is obsefvech the correlation between the maximum,
minimum temperature and the maximal ozone concemtrat the end of the observed period.
The positive correlation between O3 and temperahaticed is as a result of the radiation
influencing the temperature and have an impacthenphotochemical reactions, also increase
O3 emission leading to an enhance in O3 concentralihe result presented indicates that the
relative humidity and rainfall plays an importaaterin the processes that control the variation in
ozone concentration. As the humidity becomes higiher significant path of the photochemical
removal of the O3 will be intensified [23]. Furtheore, the increase in the humidity levels is
related to the large amount of cloud cover and apheric instability, this result in depletion of
O3 layer by the deposition of water droplet assalteof reduction in the photochemical process
and the O3 concentration has a strong dependeniceroidity [14]. The correlation between O3
and humidity is more pronounced at lkeja since baerurban location with high amount of
pollution. The results of the high correlation frahe analysis revealed that ozone layer are
strongly affected by meteorological conditions.

Figure 1 depicts, the monthly mean values of oz8adar flux 10.7cm and sunspot were lumped

together and averaged for each month from Jan@89 through December 2010. The monthly

average ozone values obtained reflect variatioressefage latitude and longitude of the station.

Ozone concentration increases with increase inpaimaimber and surface ozone concentration
was considerably higher in the months of May, J8gptember and October. The surface ozone
concentration is more or less same for all theratmenths. The result of the study revealed that
the surface ozone concentration is markedly caeélaith sunspot numbers.

Conclusion

The results of the presented investigations conftire dependence of the ozone layer
concentration on meteorological parameters. Tha®1ayers are positively correlated with the
rainfall, relative humidity, cloud cover, maximumdaminimum temperature. Data analysis has
shown that surface ozone concentrations increadie tve increase of temperature and not
significantly related to cloud cover. The resultsggest that changes in meteorological
conditions have significant impacts upon risingreztayer at Ikeja. The enhancement of surface
ozone concentration has been observed in associafithh the increasing sunspot numbers.
Weak significant levels and correlation were exkeihi between solar flux anstratospheric

ozone layer. The O3 is more significant in May,yJeptember and October. The positive



correlation between O3 and temperature observededo the fact that the radiation controls the
temperature.
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