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Abstract 

Results of analysis of hourly measured temperatures, solar radiation intensity and B – band ultraviolet radiation intensity data 

in Zarka Jordon taken over the entire 2002 year are presented. The analysis emphasized on establishing correlations between 

these three physical quantities on one hand, and searching for any systematics or cyclic effects that may be contained within  

measured fluctuations on the other hand. The use of fast Fourier analysis method of data, revealed the presence of four such 

cycles at least. These cyclic effects may be related to air pollution in the area. 
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1. Introduction 

The UV part of the solar radiation is considered as the most 

susceptible part of the spectrum to be effected by constituents 

of the earth atmosphere 
[1,2]

. This is mainly due to its 

significant inelastic scattering cross section with atoms and 

molecules. Visible and infrared segments of the spectrum 

cannot undergo such inelastic scattering 
[3]

. This is rather 

fortunate in two aspects at least. The first is the ability of UV 

radiation of shorter wavelengths to dissociate water 

molecules. If all UV radiation received at the upper 

atmosphere can penetrate to the earth surface, the water 

balance on earth would have been certainly different from 

what it is now. The second is its ionizing effect on living cells 

molecules
 [4,5 6,] 

. This results in the formation of radicals, 

with the consequent results of altering living cells and 

causing diseases like skin cancer to name a commonly 

known one 
[7,8,9,10]

. However, and from Meteorological point 

of view, and due to the above-mentioned high susceptibility 

of UV to atmospheric constituents, surface UV 

measurements results can form a metric for variations in 

atmospheric conditions
 [11,12,13]

. All this has led to increased 

interest in research works devoted to assessing trends and 

variations of UV levels in different parts of the globe 
[14,15 16]

 

Assuming the Ozone atmospheric concentration to be 

approximately constant over a one year cycle, the remaining 

main atmospheric constituents affecting UV surface levels 

are the clouds, dust particles, and industrial aerosols. 

It is the purpose here to present an analysis of the UV data 

measured at Zarka region in Jordan Latitude 32.2 North, 

Longitude 36.35 East. This region is mainly a desert terrain 

with urban centre surrounded by few industrial installations. 

2. The Data 

The data used in this work, represent the results a 

comprehensive hour by hour series of measurements 

extending over a period of one year starting at 00:41:15 

January 2002 until 23:29:28 December 2002. This period 

involved short system failures on two occasions. The first 
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was between 9-Jun-02 23:41:15 and 11-Jun-02 00:34:40 and 

the second between 9-Oct-02 23:34:40 and 15-Oct-02 

00:59:28. These data were acquired using automatic weather 

supplied by Delta-T Devices Ltd/UK. In addition to the 

standard basic sensors for temperature, humidity …etc, the 

stations is equipped with ultra violet (UV) and solar radiation 

sensors. The UV sensor is a calibrated UV B-889 ultra violet 

detector. This detector is of the solid state type with almost 

Gaussian type wave length response shown in figure (1). The 

maximum sensitivity of the detector is at  2313∓=λ  

nanometer and full width at half maximum 26 2FWHM = ∓  

nanometer. The detector is equipped with cosine angle 

diffusion system and filters for B UV region maximum 

sensitivity. This region is known to be responsible for most 

UV biological effects. The solar radiation sensor is of the 

pyrometer type and has spectral response in the range of 0.3-

3 micro meters. All sensors are directly linked to digitized 

data logging device. The station is situated at the Hashimate 

University of Zarka – Jordon.  

 

Figure (1). The wave length response of the UV sensor 

3. Results and Discussion 

3.1. General Features 

The temperature, total solar radiation and the B region UV 

radiation are measured every one hour over a complete one 

year period between 1-Jan-2002 and 31-Dec-2002. Results of 

measurements are shown in figure (2). In figure (2-a), the 

data for the hourly temperatures are presented. Apart from 

the usual fluctuations which will be discussed later, the plot 

indicate a typical behavior of low temperature during winter 

increasing during spring, reaching maximum in midsummer, 

falling down in autumn, reaching minimum in midwinter 

reflecting sun incidence angle. The data are well fitted to the 

equation  

134.1869-1.0239
24365

1
n159.1344si 




 +
×

= tT           (1) 

The solid red line in figure (2-a) shows the result of such fit. 

This reflects most probable maximum, minimum and mean 

temperature of 24.5, 1.75, and 18.2 oC respectively with two 

standard deviations probability of registering temperatures 

∓ 16.0 oC above or below these means. 

Figures (2-b) and (2-c) show the Global solar intensity (GSI) 

in kilo watts/meter
2
 measured by the pyrometer detector and 

the B band ultra violet radiation detector (UVB) in 

mWatt/meter
2
 respectively. The results indicate that the 

midday solar intensity varies from about 0.5 kW/m
2
 in winter 

to slightly above 1.0 kW/m
2 

in summer. Effect of sun 

inclination angle is again evident here. The same applies for 

the UV intensity data measured by the solid state detector 

shown in figure (3-c). All three subfigures show the two 

narrow empty data sets caused by the two short period’s 

system breakdowns mentioned earlier. 

3.2. Correlations Studies 

The data presented in figure (2) are typical for corresponding 

data taken anywhere. All what one can deduce from them is 

that the sun inclination angle represents the main cause of the 

observed behaviours. However, it must be worth considering 

the hypothesis that the sun inclination angle may affect the 

above three climatological quantities in different ways. In 

order to look for such effect, the correlation between all three 

quantities is studied.  Figure (3-a) shows the results of 

plotting the UV intensity versus temperature. It is clear that 

one can not derive any systematic direct correlation between 

the two quantities. Similar results are obtained but not shown 
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here for the relation between solar intensity and temperature. 

In contrary, results presented in figure (3-b) suggest the 

existence of high correlation between UV and solar 

intensities. Interestingly, this correlation is not a linear one. 

The relation between the two quantities is well described 

with over 95% confidence level by the quadratic equation 

shown on the same figure. Based on the assumption that the 

overall solar radiation falling on upper atmospheric layers 

contains constant ratio of UV radiation, this behaviour 

indicates that at higher sun inclination angles, there is some 

reduction in UV attenuation. This may be attributed to some 

saturation overloading effect of Ozone molecules in the 

atmosphere. Ordinary solar radiation is not affected by such 

overloading action. 

 

 

 

Figure (2). Hourly temperature, solar, and UV intensity measured at Zarka at 2002 



62 A. A. Azooz and N. I. B. Jallo:  Cycling Trends in Solar UV Radiation Over Zarka Region in Jordon 

 

 

 

Figure (3). Correlations between (a) UV intensity and temperature, (b) UV and solar radiation 

3.3. Time Series Analysis 

It is well know that almost all metrological data are 

characterized by almost random fluctuations. However, with 

the availability of large sets of temporal data, it would be 

useful to try to search for any systematics that may be 

involved in these fluctuations. Such search can be carried out 

using time series analysis procedures. One powerful tool in 

this respect is the fast Fourier analysis which is based on 

expressing any time dependent physical quantity as the sum 

of periodic functions. For such purpose, a matlab based 

computer code which can perform such task is selected to 

analyze the data presented above 
[17]

. However, and before 

doing so, a test of the software credibility has to be 

performed. It known that the temperature behaviours over 

any twenty four hours period of time will follow the sun 

inclination angle. If one isolates the seasonal changes related 

to this angle, the remaining effects can be considered as 

mainly due to daily changes in this angle. To perform such 

isolation, the fitted curve in figure (2-a) is subtracted from 

the temperature experimental data. The results of such 
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subtraction ( T∆ ) are shown in figure (4-a). Under the 

assumption that the analysis software results are to be 

acceptable, the results should only indicate cyclic effects over 

a twenty four hours period. The frequency spectrum obtained 

is shown in figure (2-b). The latter figure clearly shows a 

sharp peak around frequency of 0.0415 /hour which 

correspond to an oscillation period of 24 hours. Another 

much smaller peak is seen at frequency of 0.082 /hour which 

correspond to a 12 hour cycle. This may reflect some minor 

effect caused by wind speed and direction changes. Even so, 

and after such test, it is worthwhile using the software to 

search for more cyclic effects in the UV data.  

 

Figure (4). (a) fluctuations in temperatures after subtracting normal seasonal changes. (b) Frequency analysis spectrum of data in (a) 

The same analysis procedure is applied to the recorded UV 

data. The results of such time series analysis is shown in 

figure (5-a). With some contrast with the temperature results, 

the analysis here indicates the existence of at least four 

distinct cycles of significant amplitudes. The first has a 

period of over 500 hours. The second are third are of 24 and 

12 hours periods respectively. However, the amplitude of the 

12 hour period is about half that of the 24 hours one. This is 

significantly different from the results of temperature 
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analysis where the 12 hour cycle amplitude was only about 

20% of the 24 hour one. A significant cycle with 8 hours 

period is also observed. The amplitude of this cycle is about 

20% of the 24 hour cycle. While the 24 hour cycle is only 

natural, the 12 and 8 hours one can not be considered so. One 

explanation for their appearance may be related to the 

increase and decrease in air born arsenals emitted from 

industrial establishments surrounding Zarka area. These 

establishments usually work with either 12 or 8 hours shifts. 

 

Figure (5). Fourier analysis results for UV radiation over Zarka (a) overall, (b) details of first peak in (a) 

In order to further analyze the first peak in figure (5-a) which 

indicate the presence of one of more cycles with 

periods >400 hours, a second analysis is carried out. The 

hourly UV data are summed for each day to obtain the total 

daily UV. Applying the time series technique above on these 

data indicates that it involves a clear dominant cycle with a 

period of 185 days or ≈  six months as shown in figure (5-b). 
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4. Conclusions 

Hourly temperatures, solar radiation and ultraviolet 

intensities data for one year are analyzed. The results indicate 

strong quadratic correlation between UV and solar radiation. 

No systematic correlations are found between the latter two 

quantities and temperature. Results of application of fast 

Fourier analysis technique on UV data, indicates that the 

apparently random fluctuations of measured values my hide 

more systematic cycling effects taking place. Four cycles 

with approximate time periods of six months, 24 hours, 12 

hours and 8 hours have been detected. These cyclic effects 

are thought to be due to repetitive injections of industrial 

aerosols by the different industrial installations surrounding 

Zarka city. It is clear that these aerosols have more 

significant effect on UV radiation compared to that on overall 

solar radiation   
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